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MEMBRANE EQUILIBRIA AND THE ELECTRIC CHARGE 
OF RED BLOOD CELLS. 

Bv CALVIN B. COULTER.* 

{From fhe Palhologtcd Laboratory, Brooklyn Hospital, and the Department of 
Bacteriology, Columbia Uviversiiyi) 

(Accepted for publication, May 6, 1924.) 

The present work is an investigation into the electric charge of 


CORRECTION. 

On page 649, Vol. vi, No. 6, July 20, 1924, in Table I, in the heading for 
the fourth column, for Relative critical energy, lamp and filter read Relative energy, 
lamp and filter. 

In the same coliunn, the last figure, for 381.0 read 38.1, 


have applied this theory to the red cell plasma system in papers wlucn 
have appeared while the present work was in progress, and which 
deal with ion concentrations that apply to the physiological r6le of the 

*\''an Cott Fellow in Pathology. 

^ Hober, R., Arch. ges. Physiol., 1904, ci, 607. 

" Ostwald, W., Z. physik. Chem., 1890, vi, 71. 

® An interpretation of the theories of Donnan is given by Lewis, W. C. McC., A 
system of physical chemistry, London and New York, 3rd edition, 1920, ii, and by 
Michaelis, L., Die Wasserstoffionenkonzentration, Berlin, 2nd edition, 1922. 

< Warburg, E. J., Biochem. J., 1922, xvi, 153. 

Van Slyke, D. D., Wu, H., and McLean, F. C., J. Biol. Chem., 1923, Ivi, 765. 
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cells. The numerous papers of Jacques Loeb appearing in tJie 
Journal of General Physiology on the application of the Donnan 
equilibrium to protein systems present tlie background of the present 
study. 

Observations reported in a prewous paper® had shown difference 
between the pH of the interior of red cells and that of the medium, 
so large that it seemed impossible to evplain them by the Donnan 
equilibrium. It was found further tliat fresh red cells, when washed 
and suspended in saccharose solution showed a higher charge in 
cataphoresis than similarly washed cells which had been presen-ed 
24 hours or longer in saccharose solution. This made it appear 
doubtful that the ionization of the cell protein was the sole source of 
the charge and it seemed possible that the cells owed their charge in 
part at least to a simple diffusion potential, due to diffusion outward 
of salt contained within the cell. Such a charge might be high when 
the cells were first placed in an electrolyte-free medium, and would 
fall to zero as soon as diffusion had brought tlie salts to the same 
concentration on both sides of the cell membrane. In wew of the 
observed changes in pH of the medium, tlm most important salt in 
this connection appeared to be the phosphates of the cell. Accord- 
ingly the amount of phosphate which had diffused out of the cells 
was determined by the method of TisdalDin the supernatant fluid 
from equal amounts (4 cc.) of washed sheep cells which had been 
allow’ed to stand for varjdng lengths of time in like quantities (40 cc.) 
of isotom'c saccharose solution at about 10°C. 

One experiment, which was repeated numerous times with the same 
general result, is given in Table I. 

The amounts are so small that their exact determination is at 
the limit of accuracy of the method, but the relative error between 
determinations is probably small. It is apparent that the greater 
part of the total PO 4 which diffuses from the cells in 24 hours does so 
within the first 5 minutes or less. The subsequent rate of diffusion 
is so low’ that the condition approximates an equilibrium in the distri- 
bution of PO 4 ions between the cell and the medium. A potential due 
to diffusion of molecular phosphate must therefore be infinitesimal. 

0 Coulter, C. B., /. Gen. Physiol, 1921-22, iv, 103. 

■ Tisdall, F. F., J. Biol Chcni., 1922, 1, 329. 
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Measurements of the H concentration in the medium and in the 
interior of cells give e\ddence of the attainment of a like condition of 
equilibrium in the distribution of this ion. This is true both when 
the medium is originally electrolyte-free and when it contains salts, 
although the H distribution is markedly affected by the presence of 
salts. 

Cells from fresh defiibrinated sheep blood were washed twice with 
five volumes of isotonic NaCl solution and four times with similar 
volumes of saccharose solution; 4 cc. of strongly sedimented cells 
were added in the majority of experiments to 36 cc. of isotonic solution, 
in stoppered tubes. These were placed in the refrigerator at 5°-15°C. 
After varying intervals the supernatant fluid was separated by the 
centrifuge and removed as completely as possible without disturbing 
the cell sediment. The latter was then dissolved in 20 cc. of dis- 


TABLE I. 

Mg. X Phosphorus Lost by 4 Cc. of Cells. 


5 mia. 

Ihr. 

3 hrs. 

24 Ms. 

9.0 

9.5 

10.4 

11.2 


tilled water. The water used for all solutions was distilled, with 
occasional exceptions, the same day it was used. The pH measure- 
ments were made with freshly palladinized electrodes in vessels 
similar to that of Clark,® using a separate electrode and vessel for 
each specimen of fluid. The vessels were not agitated. The battery 
of electrodes was placed in the refrigerator for 12 to 18 hours, removed 
one at a time, hydrogen admitted to restore atmospheric pressure, 
and the e.m.f. read 10 minutes after removal from the refrigerator. 
The temperature of the solution was taken immediately after the 
E.M.F. was read. The electrodes were allowed barely to touch the 
surface of the solutions; those containing dissolved cells showed, after 
the prolonged stay in the refrigerator, a narrow zone, at the surface, 
of completely reduced hemoglobin. The usual technique was em- 

® Clark, W. M., The determination of hydrogen ions, Baltimore, 2nd edition, 
1922. 
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ployed by changing the solution to maintain approximately the original 
concentration of CO 2 of the solution. Measurements by this method 
were more consistent than those in which electrode equilibrium was 
sought by rocking the vessel; the solutions containing much hemo- 
globin gave considerably higher pH values which could be reproduced 
within 0.01 pH. Control measurements in cell solution diluted 
l:10j 1:5, and 1:1, the last made by freezing and thawing the cell 
sediment, gave in one experiment the following values; 1:10, pH 
7.277; 1:5, pH 7.273; 1:1, pH 7.253. In several other experiments 
the 1:10 dilution gave values from 0.03 to 0.06 pH higher than the 



5 t. — : — : ! 

0 1 24 72 120 


HOUPS 

Fig. 1. Reactions of medium and cells suspended in 250 cc. of saccharose 
solution Mthout salt. 

undiluted cell fluid. The change in pH caused by reduction of the 
oxj^hemoglobin to reduced hemoglobin by the hydrogen electrode 
has been considered too small to require correction for the purpose of 
this investigation. Frequent colorimetric controls were made of 
the pH of the outside fluids. Regardless of the method or technique 
employed for pH measurement, the relations between inside and 
outside pH were always of the same nature as those shown in the 
curves. 

The buffer value of the cell interior shonm by the figures for the 
effect of dilution in pH is thus very high, and we feel justified in con- 
cluding that the pH of the cell has not been altered to a significant 
degree by hydrol>^is, on dissolving the cells in water. The pH of the 
1:5 cell solution has been assumed to represent the actual pH within 
the cell. 
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In Fig. 1 are given the pH values of the inside (or 20 per cent) cell 
solution and of the outside solution (or suspending fluid) in an 
experiment in which 4 cc. of cells were suspended in 250 cc. of pure 
saccharose solution. The large volume of solution was used to keep 
the concentration of electrolyte, resulting from simple diffusion from 
the cells, as low as possible. Under these conditions the reaction 
which is reached in the outside fluid vdthin the first hour persists 
without significant change for 24 hours. Other experiments show 
that this reaction is reached within a few minutes after adding the 
cells to the solution. 

Careful attention has been paid to the apparent increase in acidity 
of the outside fluid, which reached in the majority of cases about 
pH 6, but in numerous experiments became as acid as pH 5.6 to 5.8. 
Hydrogen electrode measurements in solutions of so low conductivity 
and buffer value as these are difficult and uncertain; nevertheless 
saccharose solutions made with freshly distilled water gave repeatedly 
pH values of 6.8 to 7.0, and there could be no doubt of an actual 
increase in acidity of the solution after contact with the cells. It was 
given by both electrometric and colorimetric methods, and has been 
confirmed by Eggerth.^ It was found that it was not due to a diffusion 
of CO 2 from the cells. Since it represents a movement of H from a 
region of low concentration (the cell interior) to one of high, with 
respect to this ion, it is evident that the H ion, in spite of its great 
mobility, is not primarily concerned in the process. 

The gradual increase in alkalinity of the outside fluid w^hich is 
observed after 24 hours is due probably to an alteration in the per- 
meability of the cell membrane. If the volume of solution in which 
the cells are suspended is small, 40 cc. instead of 250 cc., the outside 
fluid shows the initial increase in acidity described, which is often 
sufficient to produce immediate agglutination of the cells, and under- 
goes after 2 to 4 hours a steady rise in alkalinity, reaching as a rule 
about pH 6.8. With this change in reaction, the stability of the cells 
increases, and they remain uniformly suspended after gentle agitation 
of the vessel containing them. 

The inside reaction undergoes very slight change, if the cell sus- 
pension be kept at 5°C. However, if the cells are stored at room 

® Eggerth, A. H., personal communication. 
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temperature, a- distinct rise in alkalinity may be observed after a few 
hours. It seems possible that this is due to the formation of NHj 
mthin the ceil. 

If cells which have been washed in saccharose solution be sus- 
pended in isotonic solutions of NaCi or CaCh the increase in aridity of 
the outside fluid does not occur, but the pH of this fluid rises and that 
of the inside falls within a few minutes, so that they approximate each 



Hours 

Fig. 2. Reactions of medium and cells suspended in isotonic NaCl and CaCl« 
solutions. Black circles, inside pH; white circles, outside pH. 

Other. This is shown in Fig. 2, which represents two experiments 
with each of the two salts. In the majority of experiments ndth 
NaCI the outside reaction remained slightly more arid than the inside, 
altliough in several experiments at the end of 24 hours in the re- 
frigerator the two were identical. With CaCh the outside pH rises 
higher and the inside pH falls lower than in the case of NaCi, so that 
the inside reaction is now the more arid. Experiments whicli for the 
sake of brevity are not detailed have shown that if the concentration 
of the salt in the suspending fluid is less riian isotonic, the isotonirity 
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of the solution being maintained by saccharose, the changes in pH a 
intermediate between those just described and those that occur wh 
the outside fluid contains no salt. The extent of change increas 


with the concentration of the salt. 

The reaction attained in. the outside fluid when acid is adde 
affected in a similar way by the presence of salts. In the expenmc 
recorded in Fig. 3, the salts were present in one-quarter of their isotoi 
concentration, and the same amount of HCl was added before t 
addition of cells to each of the solutions, bringing them approximab 
to pH 3.3. The outside reaction remains more acid in the salt-f: 





Fio. 3. Reactions of cells and medium to which HCl had been, added brin 
it to pH 3,3. The salts were present in one-quarter isotonic concentration. U 
curves (black circles) inside pH', lower curves (white circles) outside pH. 


solution, and more acid in NaCl than in CaCh solution. A c 
approximation to equilibrium between 4 and 24 hours is eviden 
the case of the salt solutions. The result is similar when the 
present is H 2 CO 3 instead of HCl. Solutions of saccharose am 
NaCl, KCl, and CaClo were saturated with alveolar air, at al 
15°C., bringing them all to the same pH (colorimetric) in each ex] 
mcnt, 4 cc. of packed cells were added to each of the solutions, w 
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temperature, a distinct rise in alkalinity may be observed after a fev' 
hours. It seems possible that this is due to the formation of NHi 
vathin the cell. 

If cells which have been washed in saccharose solution be sus- 
pended in isotonic solutions of NaCl or CaCh the increase in acidity of 
the outside fluid does not occur, but the pH of this fluid rises and that 
of the inside falls within a ferv minutes, so that they approximate each 



0 14 24 

Hours 

Fig. 2. Reactions of medium and cells suspended in isotonic NaCl and CaCl* 
solutions. Black circles, inside pH; white circles, outside pH. 

Other. This is shown in Fig. 2, wMch represents two experiments 
with each of the two salts. In the majority of e^qieriments with 
NaCi the outside reaction remained slightl}’- more acid than the inside, 
although in several e.xperiments at the end of 24 hours in the re- 
frigerator tlie twn were identical. With CaCh the outside pH rises 
higher and the inside pH falls lower than in the case of NaCl, so that 
tlie inside reaction is now tlie more acid. E.xperiments which for the 
sake of brevity are not detailed hai'e shown that if the concentration 
of tlie salt in the suspending fluid is less tlian isotonic, the isotonidty 
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of the solution being maintained by saccharose, the changes m pH are 
intermediate between those just described and those that occur when 
the outside fluid contains no salt. The extent of change increases 

with the concentration of the salt. _ ^ jj j > 

The reaction attained in the outside fluid when acid is added is 
affected in a similar way by the presence of salts. In the eiperiment 
recorded in Fig. 3, the salts were present in one-quarter of their isotomc 
concentration, and the same amount of HCl was added before the 
addition of cells to each of the solutions, bringing them approximately 
to pH 3.3. The outside reaction remains more acid in the salt-free 



Fig. 3. Reactions of cells and medinm to ■wlisch HCl had been added bringing 
it to pH 3.3. The salts were present in one-quarter isotonic concentration. Upper 
curves (black drdes) inside pH; lower curves (white circles) outside pH. 

solution, and more acid in NaCl than in CaCb solution. A dose 
appro.ximation to equilibrium between 4 and 24 hours is evident in 
the case of the salt solutions. The result is similar when the acid 
present is H 2 CO 3 instead of HCl. Solutions of saccharose and of 
NaCl, KCl, and CaCb were saturated with alveolar air, at about 
15°C., bringing them all to the same pH (colorimetric) in each experi- 
ment. 4 cc. of packed cells were added to each of the solutions, which 
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had been covered mth a layer of paraffin oil. The concentrations of 
the salts and the reactions after 80 minutes at 10°C., in tn'o experi- 
ments are given in Table II. 

The effect of salts is thus the same as when HCl is added. In 
the more concentrated CaClj solution the original relation is reversed 
and the inside reaction becomes deiSnitely more add than the outside, 
as is tlie case when no add is added, shown in Fig. 2. Determinations 
of combined CO 2 in the cells and in the outside fluid gave values which 
ivere so irregular as to be without significance. 

In order to determine more exactly the distribution of H and Cl 
ions on the two sides of the cell membrane at equilibrium a separate 
series of measurements were made with cells which ivere washed once 


TABLE 11. 

Effect of COi on Reactions of Ceils and Medium. 


Suspending fluid. 

pH outside. | 

pH inside. 

Rfirr.lmrnsft 

6 27 

7.54 

7.23 

KCl N 0.018 

6.91 

NaCI N 0.018 

6.94 

7.27 

CaCl* N 0.021 

7.11 

7. OS 


5.65 

7.78 

NaCI N 0.145 

7.43 

7.40 

CaCI-NO.17 

7.46 

7.31 



■with saline solution and twice only with saccharose solution, and which 
■w'erc allowed to remain in contact with the outside fluid for 2 hours in 
the refrigerator. The Cl ratios were determined with AgCl elec- 
trodes, using a saturated solution of KCl as a reference solution. 
Electrodes of c.i». silver were coated with AgCl by electrolysis in an 
acid solution of N 0.145 NaCl and after thorough ivashing were allowed 
to remain in distilled water in the dark for 18 to 48 hours. The 
electrodes were placed in vessels such as were used for pH measure- 
ment. These are provided with a 4-w'ay stop-cock at the lower end 
so that the tw'o vessels may be connected ivith a short length of rubber 
tubing and a salt bridge established by connection with a reservoir of 
saturated KCl. The contact of the solution to be measured with the 
salt bridge was made by turning the 4-way cock, the bore of which 
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contained saturated KCl, until the periphery of this bore was sepa- 
rated from the vessel opening containing the unknown solution by 
about 2 mm., the stop-cock being greased, and the potential difference 
between the two electrodes measured wth a potentiometer and a 
sensitive high resistance galvanometer. It was necessary to make the 
reading very rapidly, before the saturated KCI had opportunity to 
diffuse into the unknown less concentrated solution. All measure- 
ments were made in triplicate, TOth close agreement between the 
highest readings on each solution. In order to calculate the pCl of 
the outside solutions from these E.M.r. values, the E of the saturated 
KCl electrode was determined by measuring the e.m.f. of the cell: 
saturated KCl — N 0.1 KCl, and assuming an activity of 0.08 for 
the N 0.1 KCl solution. From this was obtained the value 0,0286 
as the E.M.E. of the saturated KCl electrode against a solution normal 
with respect to Cl ion. The calculation of pCl from the E.M.E. be- 
tween the unknown solution and the saturated KCl solution is then 
at 22° C. 


E.ii.F. observed — 0.0286 
= 

The packed cell sediment was suspended in saccharose solution to 
give a 40 per cent suspension; of this 10 cc. were added to 30 cc. of 
various concentrations of NaCl and CaCl 2 in saccharose solution. 
After 2 hours stay in the refrigerator, with occasional gentle agitation 
of the vessels, the supernatant fluid was separated completely after 
centrifugation and the cells dissolved by adding distilled water to 
40 cc., giving a 10 per cent solution. The measurements with Hz 
and AgCl electrodes were made on this dilute solution and on the 
supernatant fluid. 

These measurements give the thermodynamic p.d. in millivolts 
between the two sides of the cell membrane, which is due to the differ- 
ence in concentration of H or Cl, by subtracting the b.m.?. given by 
the more concentrated solution, with respect to H or Cl, from the 
E.M.R. given by the more dilute solution, when measured against a 
saturated calomel electrode in the case of the H electrode or against 
the saturated KCl electrode in the case of the Cl electrode measure- 
ments. In the latter case the value 58.5 must be subtracted from the 
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had been covered with a layer of paraffin oil. The concentrations of 
the salts and the reactions after 80 minutes at 10°C., in two experi- 
ments are given in Table II. 

The effect of salts is thus the same as when HCl is added. In 
the more concentrated CaCh solution the original relation is reversed 
and the inside reaction becomes definitely more add than the outside, 
as is the case when no add is added, shown in Fig. 2. Determinations 
of combined CO 2 in the cells and in the outside fluid gave values which 
were so irregular as to be without significance. 

In order to determine more exactly the distribution of H and Cl 
ions on the two sides of the cell membrane at equilibrium a separate 
series of measurements were made with cells which were washed once 


TABIE ir. 


Effect of COi on Reactions of Cells and Medium. 


Suspendtne fluid. 

pH outside. 

pH ixiside. 

Saccharose 

6.27 

7.54 

KCl N 0.018 

6.91 

7.23 

NaCl N 0.018 

6.94 

7.27 

CaCljN 0.021 

7.11 

7.08 

Saccharose 

5.65 

7.78 

NaCl K 0.145 

7.43 

7.40 

CaCliNO.17 

7.46 

7.31 


with saline solution and twice only with saccharose solution, and which 
were allowed to remain in contact vdth the outside fluid for 2 hours in 
the refrigerator. The Cl ratios were determined with AgCl elec- 
trodes, using a saturated solution of KCl as a reference solution. 
Electrodes of c.p. silver were coated with AgCl by electrolysis in an 
acid solution of N 0.145 NaCl and after thorough washing were allowed 
to remain in distilled water in the dark for 18 to 48 hours. The 
electrodes were placed in vessels such as were used for pH measure- 
ment. These are provided with a 4-way stop-cock at the lower end 
so tliat the two vessels may be connected with a short length of rubber 
tubing and a salt bridge established by connection with a reservoir of 
saturated KCl. The contact of the solution to be measured with the 
salt bridge was made by turning the 4-way cock, the bore of which 
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contained saturated KCl, until the periphery of this bore was sepa- 
rated from the vessel opening containing the unknown solution by 
about 2 mm., the stop-cock being greased, and the potential difference 
between the two electrodes measured with a potentiometer and a 
sensitive high resistance galvanometer. It was necessary to make the 
reading very rapidly, before the saturated KCl had opportunity to 
diffuse into the unknown less concentrated solution. All measure- 
ments were made in triplicate, with close agreement between the 
highest readings on each solution. In order to calculate the pCl of 
the outside solutions from these E.M.r. values, the E of the saturated 
KCl electrode was determined by measuring the e.m.f. of the cell: 
saturated KCl — n 0.1 KCl, and assuming an actmty of 0.08 for 
the n 0.1 KCl solution. From this was obtained the value 0.0286 
as the E.T 1 I.E. of the saturated KCl electrode against a solution normal 
with respect to Cl ion. The calculation of pCl from the e.m.f. be- 
tween the unknown solution and the saturated KCl solution is then 
at 22° C. 


E.M.F. observed — 0.0286 

iFl 

The packed cell sediment was suspended in saccharose solution to 
give a 40 per cent suspension; of this 10 cc. were added to 30 cc. of 
various concentrations of NaCl and CaCb in saccharose solution. 
After 2 hours stay in the refrigerator, with occasional gentle agitation 
of the vessels, the supernatant fluid was separated completely after 
centrifugation and the cells dissolved by adding distilled water to 
40 cc,, giving a 10 per cent solution. The measurements with Ha 
and AgCl electrodes were made on this dilute solution and on the 
supernatant fluid. 

These measurements give the thermodynamic p.d. in millivolts 
between the two sides of the cell membrane, which is due to the differ- 
ence in concentration of H or Cl, by subtracting the e.m.f. given by 
the more concentrated solution, noth respect to H or Cl, from the 
e.m.f. given by the more dilute solution, when measured against a 
saturated calomel electrode in the case of the H electrode or against 
the saturated KCl electrode in the case of the Cl electrode measure- 
ments. In the latter case the value 58.5 must be subtracted from the 
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E.M.F. of the cell solution to correct for the 1:10 dilution of the cells. 
The calculation is as folloivs: 

PdH: — Saturated calomel chain; E.ir.F. inside — outside = H r.D. 

AgCl — Saturated KCl chain: e.m.f. outside — (e.m.f. inside - SS.S) = Cl p.d. 

The values of H p.d. and Cl p.d. have been plotted as ordinates 
against the pCl of the outside fluid as abscisste and are shown as 
experimental points along the two upper curves in Fig. 4. 

If the Donnan equilibrium holds for the distribution of ions between 
the cell and tlie medium we should expect these two sets of values to 
be identical. Experimentally the Cl p.d. is consistently lower than 
the H P.D. It has been assumed that cells strongly sedimented in the 
centrifuge are actually concentrated; this was not the case since the 
cell mass did not show the transparenc}' v'hich develops when inten'’en- 
ing fluid is entirely displaced from between the cells. Consequently 
the actual volume of the cells was less than 4 cc., and the actual Cl 
P.D. should be greater than that obsen'ed. The determinations of the 
H electrode e.m.f. of the cell solutions ma}’- be affected vdth a con- 
siderable experimental error, in spite of the reproducibih'ty of results 
and are apparently loo high. In hydrogen electrode measurements 
of hemoglobin solutions one is confronted with two sources of error: 
incomplete reduction, leading to low e.m.f., or the occurrence of 
chemical changes in the solution, leading possibly to an actual in- 
crease in allcalinity. It seemed most important to aA'oid incomplete 
reduction and the technique described was deWsed. It offers the 
possibilit}' tliat the unexpectedly Iiigh cell pH values are due to the 
formation of HIE. However, if H- be passed tlirough a fresh hemo- 
globin solution continuously to a point of complete reduction, NHi 
formation must be insignificant, and the pH approximates but is 
slightly higher than that given by the technique of prolonged stay in 
a resting H- atmosphere. Furthennore the Jiemoglobin existed in the 
cells as oNjIiemoglobin but was measured as reduced Hb; correction 
of the E.M.F. for the increase in alkalinity resulting from reduction 
would tend to make tlie H and Cl electrode values approximate, more 
closely than shown in Fig. 4. 

Since the H is concentrated on that side of the cell membrane 
(outside) on which the Cl is dilute, in all the experiments of Fig. 4, 
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the P.D. has the same sign of charge in both H and Cl electrode meas- 
urements, and in either case the electrode placed in the outside fluid 
is positive in sign against the electrode which we imagine to be placed 
nithin the cell. Further, since the p.d. is determined by the ratio 
between the concentration inside the cell and that in the outside fluid, 



Fig. 4. electrode p.d., upper curve, the points represented by squares; Cl 
e ectrode p.d. middle curve, the points represented by circles. Cataphoretic p.O 
oner cum. Black squares and circles, CaClj; white squares and circles, NaCl. 
The ordinates give p.d. in millivolts, the abscissae measured pCl values of 
the outside fluid. 
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the observed values satisfy ^e equation 


Chi' Cq. 

pr“ = 77 ^ which is required 

Wf Q!, 

by theDonnan equilibrium, within the limit of accuracy of the tech- 
nique. 

The effect of the electrolyte upon the reactions of the cell and the 
medium shown in Figs. 1, 2, and 3 is thus a necessary consequence of 
the Donnan equilibrium. The points for NaCl in Fig. 4 fall as dose 
to each curve as those for CaCI., so that the effect of the Ca appears 
to be negligible as showing any differences from Na. in the curves of 
Figs. 1, 2, and 3 the greater effect of CaCb in causing changes in 
reaction is probably due, therefore, to the greater concentration of 
Cl in solutions of this salt than in the approximately equimolar solu- 
tions of NaCl. 

The P.D. arising from differences in concentration of H and Cl on 
opposite sides of the cell membrane may be compared in Fig. 4 with 
the p.i>. of the cell determined by cataphoresis. The measurements 
were made with the macroscopic apparatus and technique described 
in a previous paper at the same time and on the same specimens of 
cells which were used for the H and Cl electrode determinations. 
The calculation of p.d. from the observed rate of movement was made 
from the Helmholtz-Lamb equation, as used by Northrop ” assuming 
a relative viscosity of 1.1 for the isotonic saccharose solution compared 
with pure water. Critidsm has recently been made of such evaluation 
of cataphoresis data by Winslow“ and his coauthors. The p.d. 
values so calculated are, however, as nearly accurate as seems at 
present possible and may be compared with other pjo. values similarly 
calculated. 

The cataphoretic p.d. of the cells is shown in the lower curve of 
Fig. 4. The pj>. is of the opposite sign, and is first increased by the 
same low concentrations of Cl which decrease the H and Cl electrode 
potential. Such a charging effect low of concentrations of NaCl and 
CaClj is cddent in the experimental points pven by Loeb, in cata- 

Coulter, C. B., /. Gat. Physiol., 1920-21, iii, 309. 

“ Northrop, J. H., J. Gen. Physiol., 1921-22, iv, 629. 

“ Winslow, C.-E. A., Falk, I. S., and Caulfield, M. F., J. Gen. Physiol., 1923- 
24,vi.I77. 
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phoresis of gelatin-coated and casein particles^ at reactions on the 
alkahne side of the isoelectric point, and is very prominent in the 
cataphoresis of collodion particles.” After a maximum is reached, 
the cataphoretic p.d. of red cells falls with increasing Cl concentration, 
as does the H and Cl electrode potential, but remains consistently 
lower. 

The marked valency effect of Ca in higher concentrations of CaCh 
than those of Fig. 3 and of La in very Tow concentration upon the 



Fig. S. The rate of movement of red cells under a potential gradient of 3.9 
volts per cm. in the presence of NaCl, CaCb, and Lads, at pH 7. 


cataphoretic p.d. is shown in Fig. 5, in which the actual rates of move- 
ment in mm. per 10 minutes are plotted against the negative log of the 
molar concentration of the salts calculated from their dilution. The 
rates shovm were extrapolated on a curve drawn between 0 at pH 
4.7*® and the value obsers^ed at the pH of the suspending fluid, in 

*’ Loeb, J., J. Gen. Physiol., 1922-23, v. 395. 

” Loeb, J., J. Gen. Physiol, 1922-23, v, 109. 
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order to give the rate of movement at pH 7. The curv^e for extra- 
polation was drawn conformable to that for the migration of cells in 
the absence of added salt. The error involved is not of significance 
as the actual pH values fell between pH 7.1 and 6.2. Only the dis- 
charging effect of the salts is shown in Fig. 5 since the left-hand extrem- 
ity of the curve represents the maximal rate of movement observ’’ed in 
previous experiments at pH 7. The data for this cur\’-e were obtained 
before the charging effects of low concentrations of salts had been 
observed, and the pCl of the medium was not measured. 

It is evident that the cataphoretic p.d. of red cells is lower than the 
thermodynamic p.d., and is affected differently by the presence of 
salts. The valencj'' influence of the cation of the salt is not ap- 
parent in the charging effect of low concentrations of NaCl and 
CaClj, although the experimental inaccuracies may render this point 
somewhat uncertain; the valency influence is well marked with high 
concentrations of NaCl and CaCl. and m'th LaCh. This is the usual 
effect. No influence of the cation is observ'ed in the reduction of the 
thermodynamic potential; the effect of salts is shown only in the 
concentration of the Cl. Differences between the two tjpjes of 
potential appear to prevail generally; they were observed by Loeb 
in extensive observations on various t>pes of suspended particles. 

DISCUSSION. 

It might be supposed that it is the impermeability of the cell mem- 
brane to the protein ions within the cell which would be responsible 
for a Donnan equilibrium between the cell and the medium. That 
is apparentl}’’ not the cause of the unequal distribution of H and Cl 
reported here. At the cell reactions obser\'ed, the hemoglobin must 
exist as K Hb and Na Hb, and if the protein ions were responsible for 
the Donnan equilibrium, we should axpect a membrane hydrolysis 
to occur, with the development of a more acid reaction within 
the cell and a more alkaline reaction in the medium. Exactly 
the opposite change occurs, and we note furtlier that the cation of 
salts present in the suspending medium has no apparent effect on the 

»='Loeb, J., J. Gen. Physiol., 1922-23, v, 505. 

Loeb, J., J. Gen. Physiol., 1923-24, vi, 307. 
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thermodynamic P.o. We are led, therefore, to the conclusion that 
it is the cations, K and especially Na in the case of sheep blood cells, 
which are responsible for the equilibrium. Gurber" and Doisy and 
Eaton'® have shown by direct analyses that K and Na do not pass 
through the cell membrane, and Van Slyke® and his collaborators 
have considered this fact fundamental in interpreting the electrolyte 
and water distribution in the blood on the basis of the Donnan equilib- 
rium. The concentration of these cations w'ithin the cell is consider- 
ably greater than that of protein ions, and Michaelis® has considered 
the probability of potential differences across the cell membrane due 
to impermeability to inorganic cations. The mechanism of the ob- 
served changes in reaction appears to be as follows: in a salt-free 
medium, the permeating Cl tends to diffuse from the cell because of 
the great difference in concentration on the two sides of the cell 
membrane, and since K and Na do not penneate, the Cl carries with 
it H until the pressure of this ion on the outer side of the membrane 
equals that of the Cl from the inside. The interior reaction of the 
cell does not change appreciably because of the high buffer value of 
the cell. 

It is suggested that this is the mechanism of the production of HCl 
by the cells of the gastric mucosa. To produce the liigh acidity of 
the gastric secretion by this mechanism would require the maintenance 
of a very high Cl concentration rvithin the cell, as well as a means for 
the removal of the excess of OH ion within the cells. 

Increasing concentration of Cl in the outside fluid may be regarded 
as opposing the diffusion pressure of Cl from the inside, and if the 
outside Cci is the greater, Cl will enter the cell taking with it H and 
increasing the acidity of the cell. This is the result observed with 
isotonic NaCl and CaCh solutions in Fig. 2 and in Table II. If Fig. 
2 be compared withFig. 3, it is seen that a solution of low Ch but high 
CcL produces a greater increase in acidity within the cell than one of 
of high Ch but low Cq. It is well known that the presence of neutral 
salt makes possible the appreciation of sour taste in a solution of less 
acidity' than in one in which neutral salt is absent. 

” Gurber, A., Jahrcs.-bcr. fortschr. Thicr-cliem., 1895, xx\', 165. Quoted by Van 
Slyke.“ 

Doisy, E. A., and Eaton, E. P., J. Biol. Chem., 1921, xlvii, 377. 
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If the HP 04 ‘' ions r eadily peimeat e the cell membrane we 

IT, , . ^/CHTo/inside 

should expect the ratio equilibrium to equal 

C Cl inside 

C* ci 'ouTside' analyses that the total 

amount of inorganic phosphate lost by the cell to the medium increases 
slightly with increasing salt concentration of the medium, the ratio of 
inorganic phosphate inside 

inorganic phosphate outside ^xp^cted, since in several 

, 100 

experiments it w'as approximately in cases where the Cl ratio 
inside 

ou t side nearly 1. It seems probable, therefore, that the 


distribution of HPO4 " is not determined by the same mechanism as 
that of Cl, and a relative impermeability of the cell membrane to 
HPO4 ''under the conditions of these experiments, is suggested. The 
determination of HPO4'' concentration within the cell is subject to 
far greater difficulty than is that of Cl. The discrepancy obseiv’ed 
may also be due to the fact that onty a small proportion of the total 
phosphate within the cell is in the form of ions. 

The impermeability of the cell membrane to inorgam'c cations 
is not absolute, since resistant specimens of cells may show after 
3 to 5 days suspension in a large volume of saccharose solution 
such a loss of their electrolyte content, without losing hemoglobin, 
that they do not undergo hemolysis in distilled water until fifteen 
times their volume of water is added . WTien examined microscopically 
in suspension in five times their volume of distilled water such cells 
appear w’holly normal. The reactions of cell and medium at such a 
time are those shown in Fig. 1. On the other hand, in solutions of 
relatively high salt concentration the membrane shows a considerable 
permeability to hemoglobin, although the Donnan equilibrium applies 
in this case almost as well as where the membrane is entirely imper- 
meable to hemoglobin. 

In the case of gelatin particles studied by Loeb,*® at add reactions, 
at wliich the non-permeating ion is the gelatin cation, the cataphoretic 


Loeb, J., J. Gen. Physiol, 1923-24, vi, 215. 
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charge is positive in sign, and we should expect that result in the case 
of red cells, since the non-permeating cations appear to determine the 
Donnan equilibrium. With both red cells, at the H and Cl concen- 
trations considered here, and acid gelatin particles, the observed 
thermodynamic potential would be negative in sign if one H (or Cl) 
electrode were placed within the particle, and one H (or Cl) electrode 
in the fluid medium; the true membrane potential in this case should 
be positive in sign, since it is this potential which maintains equilib- 
rium by opposing the thermod)mamic or diffusion-pressure potential 
(Mchaelis®). This sign of charge corresponds with the observed 
cataphoretic charge of acid gelatin particles. The cataphoretic charge 
of red cells in all the experiments of Figs. 4 and 5 is beyond question 
negative in sign. We should expect it to be positive if both thermo- 
dynamic and cataphoretic p.d. have the same origin, as suggested by 
Wilson.*® Loeb has considered the valency effect of discharging ions 
to be strong evidence that the cataphoretic p.d. is determined by the 
Donnan equilibrium; if this is the case with red blood cells, the cata- 
phoretic P.D. arises conceivably at a different membrane or phase- ' 
boundary from that concerned in the thermodynamic p.d. The 
boundary at which the cataphoretic p.d. is produced in such a case 
is probably that between the outside of the cell membrane and the 
medixnn, since the ionization of the protein of the membrane w'ould 
be expected to manifest itself here, as it undoubtedly does when the 
cell assumes a positive charge in reactions more acid than pH 4.7.*® 

SUMMARY. 

It has been shown, within the probable limit of error of the methods 
of measurement employed, that the Donnan equilibrium determines 
the distribution of H and Cl ions betwnen the cell and the surrounding 
fluid. This equilibriiun is a consequence of the impermeability of the 
cell membrane to the inorganic cations of the cell. The mechanism 
responsible for this equilibrium is suggested as that concerned in 
the secretion of HCl by the cells of the gastric mucosa. If the salt 
concentration of the medium is low there may result from the Donnan 
equilibrium a thermodynamic p.d. of considerable magnitude. In 

Wilson, J. A., J, Am. Client. Soc., 1916, xxxviii, 1982. 
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the presence of low concentrations of electrolytes, this P.D. is to be 
regarded as positive in sign at reactions of the medium at which the 
cataphoretic charge of the cell is negative in sign. The explanation 
of this discrepancy in sign of charge maj' lie in the existence at an 
outer phase-boundary of a second Donnan equilibrium the nature of 
which is determined by the ionization of the protein of the cell 
membrane. 



SOME PHYSIOLOGICAL ACTIONS OF CYANIDES. 

By JOSEPH HALL BODINE. 

[From the Zoological Laboratory oj the UniicrsUy of Pennsylvania, Philadelphia.) 

(Accepted for publication, July 18, 1924.) 

That cyanides in dilute solutions act as general protoplasmic de- 
pressants is well known. In stronger solutions their toxic effects are 
equally established (Hyman).'’ Inasmuch as these conclusions have 
been dravm almost exclusively from studies using potassium cyanide, 
it was thought desirable to see to what extent such effects were due 
to the alkalinity of the solutions used as well as to their cyanide 
content. 

Potassium cyanide in aqueous solutions is strongly alkaline in reac- 
tion due to the manner in which it dissociates. 

KCN + HsO ?=» KOH -P HCN 

ti 

K.- + OH' 

Hydrocyanic acid, as is well known, is an extremely weak acid, 
dissociating only to a very slight extent. It is a matter of some impor- 
tance, therefore, to determine to what extent the physiological proper- 
ties of a solution of KCN are due to the hydroxyl ions in solution and 
to what extent they are due to the poorly dissociated HCN molecule. 
In view of the recent data of Jacobs^ for carbonic acid and of Beer- 
man® for hydrogen sulfide, in which the undissociated molecule has 
been shown to be of much importance in determining the physiological 
properties of solutions of these acids, it was thought desirable to 
study hydrocyanic acid from the same point of view. The experi- 
ments herein reported have been carried out with this end in view 
using various materials: protozoans, tadpoles, and “artificial cells.” 

' Hyman, L. H., Am. J. Physiol,, 1919, xlviii, 340. 

Jacobs, M. H., J . Exp. ZooL, 1912, xii, 519; Carnegie Insiilulion oj Washington, 
Pub. No. m, 1914-, Am. J. Physiol., 1920, U, 321 ; 1920, liii, 457; J. Gen, Physiol, 
1922-23, V, 181. 

® Becrman, H., /. Exp. ZooL, 1924, xxxix, (in press). 
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Experiments on Protozoa. 

The effects of CO 2 and of HsS on various protozoa have been studied 
by Jacobs- and Beerman.® These authors found that the order of 
resistance of various protozoa to these chemicals bears no relation 
to the order found in the case of other acids which act primarily 
through their hydrogen ion effects (Collett)/ Hydrocyanic acid has 
been found by the author to produce approximately the same 
effects as carbonic acid and hydrogen sulfide, but -with marked 
differences in velocity for the given species. 

Among the forms studied in the present experiments the most 
extensively used were Paramecium caudatum, Paramecium multi- 
micromichatum, Paramecium aurelia, Paramecium bursaria, Enplotcs 
patella, and Euglena viridis. Mixed cultures as well as some pure line 
cultures of these organisms were used. The same calibrated pipette 
was used throughout, so that the same relative amount of culture 
was introduced in all experiments. Animals were put in 10 cc. of 
solutions in Syracuse watch-glasses and kept covered to prevent evap- 
oration. The time taken to kill approximately two-thirds and the 
time when all were killed was obtained by means of a stop-watcli. 

Inasmucli as many experiments have been carried out using different 
concentrations of HCN, and since the results are qualitatively similar, 
only typical experiments vill be cited to show the physiological 
action of the reagent. 

The beha^do^ of protozoa in HCN is strikingly similar to that de- 
scribed by Jacobs® and Beerman’ for CO« and H:S. The animal be- 
comes sluggish, locomotion finalty ceases, while the cilia continue 
beating, eventuall}" stop, and the animal is dead. The bodies of the 
organisms become slightly swollen, more so in breadth than in length, 
the nuclei both micro and macro are distinct, while vacuoles from the 
very beginning of the e.xperiment are engorged and stand out very 
prominently. No marked cytolysis occurs, except that in Para- 
mecium bursaria whicli is least resistant to the acid tlie pellicle bursts 
and an irregularly shaped mass remains after the animal is killed. 

* Collett, Jil. E., J. Exp. ZooL, 1919, sxix, 443. 
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In the case of the species of Paramecia used the relative toxicity 
of a solution of HCN of pH 5.6 is as follows: Paramecium hursaria 
is killed in approximately 2 to 3 minutes; Paramecium aurelia in 
4 to 5 minutes; Paramecium muUimicronucleatum in 10 to 15 minutes 
and Paramecium caudatum in approximately 1 to 2 hours. Euflotes 
patella is extremely sensitive to HCN, its resistance to the above solu- 
tion being between that of Paramecium hursaria and Paramecium 
aurelia. The time for death ranges from 2 to 3 minutes. Euglena 
viridis is most sensitive to the acid being killed almost instantaneously. 

These experiments on protozoa show that different spedes of these 
animals have different resistances to HCN. If the effects of this 
acid are due to hydrogen ions in its solution the same order of resist- 
ance ought to be obtained with solutions of other adds, especially 
when of the same hydrogen ion concentration. The results of Miss 
Collett* and of Jacobs- for mineral acids, which have been confirmed 
by the author, show that the order of resistance of Paramecia is 
Paramecium bursaria> Paramecium caudaium> Paramecium aurelia. 
The order of resistance to CO 2 (Jacobs®) and to HjS (Beerman®) 
is Paramecium caudatum> Paramecium aurelia> Paramecium hursaria. 
In the present experiments the order of resistance to HCN is Para- 
mecium caudatum > Paramecium multimicronucleaium> Paramecium 
aurelia> Paramecium hursaria, a condition quite the reverse of that 
found for mineral acids but similar to that found for CO 2 and H 2 S. 
Euplotes is also quite resistant to mineral acids but extremely sensitive 
to HCN. 


Artificial Cell Experiments. 

_ Since Jacobs® and Beerman® have pointed out that CO 2 and H^S, 
in contrast to mineral adds, must act after penetration of the cell, 
it was thought desirable to test further the possibility that HCN acted 
in a simffar manner. Artificial ceils, “the shell vial ceU” and the “frog 
skin cell as devised and described by Jacobs,® were extensively used. 
The following table, a result of a typical experiment with such “cells,” 
shous that HCN undoubtedly acts in a manner quite similar to the 
two other acids mentioned. 
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Frog Skin Cell. 


Reagent. 

1 per 

cent HCN 

1 + HCN 

+ HCN 

+ HCL 

m 

+ HCL 

Tap Tvaicr. 

pH of reagent. 

5.5 

M 

7.2 

7.2 

7.2 

7.2 

Penetration (intracellular 

aridity). 

-1-f- 

m 

+ + 

~L 

— 

_ 

Presence of intracellular CN. 

_j ^ 

“T'l' 

+ + 

% 

- 

- 


This experiment, in which the reagents except HCN were all brought 
to the same pH value, as indicated in the table, seems to show rather 
clearly that HCN penetrates the cell and then ionizes, producing an 
intracellular acidity. That the membranes are not killed by these 
reagents is easily demonstrated by changing the reagents and substi- 
tuting noineral acids and other reagents which are known not to 
penetrate living membranes in the above manner. No changes in 
intracellular acidity are noted in such check e.xperiments. 

The following table, giving the results of a typical e.xperiment 
with the “frog skin cell” shows that an intracellular acidity can be 
produced by HCN in an alkaline medium. 


Reagent. 

1 

HCN 

CO; satu- ^ 
rated H;0| 

.j^NaOH 
+ HCN 

1 

+ HC.N 


! 

Tap vratcr. 

pH of reagent. 

6.4 

3.S 

7.6 

7.5 

9.5 

7.3 

Penetration (intracellular 1 
acidity). j 

4"f- 

+-!- 

B 

B 

Slight. 

- 


CO 2 in the concentration used penetrated in about the same rela- 
li^^e time as the HCN. No exact quantitative comparisons in the 
relative rates of penetration of tlie two reagents have as yet been made. 
The extreme rapidity of penetration of HCN (in this e.xperiment less 
than 1 to 2 minutes) must, however, be an important factor in explain- 
ing the rapid to.xicity of the reagent. 

E.xperiments carried out with bullfrog tadpoles, using the same 
solutions as in the “artificial cell” e.\periments, gave the same relative 
results. The animals were always killed first in those solutions in 
whicli the HCN penetrated the “frog skin cells” most quickly. 




































The results of these experiments show that in many respects HCN 
acts like CO 2 and HsS. The experiments on protozoa seem to show 
quite definitely that HCN, like CO- and H-S, acts from within the 
cell outward, while the “artificial cell” experiments tend to confirm the 
view that HCN, as a molecule and not in the ionized state, penetrates 
the cell. HCN penetrates the cell as a molecule and dissociates 
within the cell giving rise to H and CN ions. The acid effect wdthin 
the cell is, of course, due to the H ions. 

The importance of controlling the hydrogen ion concentration 
in e:q)eriments with solutions of KCN is thus apparent. This point 
has been recently indicated in a practical way by Edwards® who has 
shown that unneutralized solutions of KCN produce protoplasmic 
changes in ameba similar to those caused by solutions of KOH, 
while neutralized solutions of KCN produce changes of an entirely 
different nature. 


SUMMARY AND CONCLUSIONS. 

1. The physiological actions of HCN and its salts appear to be 
due (a) to the ease with which HCN molecules penetrate living cells 
and then ionizing, exert their influence by means of H ions and 
CN ions; (b) to the weakness of HCN as an acid, which permits at 
neutrality or at even slight alkalinity the presence of a considerable 
amount of free HCN molecules in the presence of their salts; (c) to 
specific effects occasioned by its chemical activity. 

2. The order of resistance of various protozoans to HCN resembles 
that of the same protozoa to CO 2 and to H 2 S, but is the reverse of 
their resistance to mineral acids. 

3. HCN in acid, neutral, or slightly alkaline media produces in- 
tracellular acidity because of the rapid penetration of HCN molecules 
into the cell. 

4. HCN acts specifically on certain species of protozoa, the order 
of resistance of Paramecia being Paramecium caudalum> Parame- 
cium muUimicronuclcatum > Paramecium aurelia > Paramecium bursaria. 

I am greatly indebted to the Fumigators Chemical Company, 
Inc., New York, who have placed at my disposal a generous supply 
of liquid hydrocyanic acid. 

Ed\\ards, J. G.,/ . Kxp. ZooL, 1923—24, xxxviii, 1. 



THE COMBINATION OF SALTS AND PROTEINS. I. 

By JOHN H. NORTHROP /vkb M. KUNITZ. 

{From ihe Laboratories of The Rockefeller Institute for Medical Research.) 

(Accepted for publication, July 24, 1924.) 

In most of tho work on the properties of protein solutions it has been 
assumed that only the hydrogen and hydroxyl ions react mth proteins 
to form complex ions and that salts are chemically inert. Loeb’s 
experiments^ on the effect of salts on the Donnan equilibrium show that 
in dilute protein and salt solutions any reaction between the salt ions 
and the protein is negligible compared wth the reaction between 
protein and hydrogen and hydroxyl ions. There are indications, 
however, that other ions may combine with the protein since it has 
been found by Mellanby, Hardy, Pauli, Robertson, and others^ 
that proteins affect the conductivity of salt solutions, and hence 
that there is presumably a compound formed between the salt and 
the protein. The marked effect of salts on the precipitation and solu- 
bility of proteins (Michaelis) also indicates that some reaction occurs 
with salts as well as with acids and bases. Runitz® noted slight 
discrepancies in concentrated salt solutions. If this is actually the 
case, it would have a marked influence on the distribution of the ions 
of the salt when added to a system containing diffusible and non- 
diffusible ions separated by a membrane. It has been shown by 
Gibbs, and independently and in detail by Donnan, that at equilib- 
rium the product of the activity of any pair of oppositely charged 
diffusible ions on one side of the membrane must be equal to the prod- 

^ Loeb, J., Proteins and the theory of colloidal behavior. New York and Lon- 
don, 1922. 

■ For the literature on this subject see Robertson, T. B., The physical chemistry 
of the proteins, New York, London, Bombay, Calcutta, and Madras, 1918. 

It has been found by Hastings in Van Slyke’s laboratory that Ca protein salts 
are only partly dissociated, personal communication from Dr. Hastings. 

Kunitz, M., J. Gen. Physiol, 1923-24, vi, 547. 
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uct of tie activity of tie same pair on tie opposite side of tie mem- 
brane. Expressed as an equation, this ma}' be witten 

in which A, is the activity of an «-valent negative ion inside the mem- 
brane, Ao the activity of the same ion outside the membrane, and 
B is any positive ion. In dilute solution, the concentrations may be 
used instead of activdties. It was shovoi by Procter and Wilson^ 
that this equation held for the distribution of ions inside and outside 
of gelatin blocks in equilibrium with a solution of acid. Loeb^ found 
that the hydrogen electrode potential between the inside and the 
outside solution was equal to the calomel electrode potential under 
the same conditions, and that therefore the ratio of the activities of 
the hydrogen ion must be equal to the reciprocal of the chlorine ion 
ratio, as is demanded by the theory. If the ions of a salt do not com- 
bine with the protein, the ratio of the total concentration of any 
cation as determined by analysis should be approximately the same as 
the ratio of the hydrogen ion activities corrected, of course, for the 
valence effect; whereas the ratio of the anion concentrations should 
be equal to the reciprocal of the hydrogen ion ratio. Loeb has shown 
that this is true for the chloride ion. For other ions, however, this 
relation has not been investigated in detail. In order to test this 
point a number of experiments were performed in which various salts 
were added to suspensions of gelatin particles and the suspension al- 
lowed to come to equilibrium at 0°. The solutions were then ana- 
lyzed and the concentration ratios compared with the hydrogen ion 
activity ratios as determined with the hydrogen electrode. The results 
of some of these experiments are shown in Table I. It is evident 
that although, on the acid side at least, the concentration of the nega- 
tive ions is approximately that e-xpected, tlie ratios of the positive ion 
concentrations are very far from correct and ma}-' even be in the wrong 
direction. This effect is more marked m'th Ca and Zn than ivith K. 
If the concentrations are corrected to activities by means of Lewis 

* Procter, H. R., .md Wilson, J. A.,/. Ghent. Soc., 1916, ci.x, 307. 
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TABLE I. 


Dislributioii Expcrimenl. 

Comparison of Total Concentration Ratios •with H'*' Activity Ratios. 








Ion ratio: 






H ratio; 


Gelatin’ 


Sate, 

Concen- 

pH of 

Filtrate 

Gelatin' 

Ion. 



menu 

tratlon. 

gelatin. 


Calculated 






Obscn'cd. 

from 

H ratio. 










3/1 

CaBrj 

0.005 

2.83 


Ca 

1.84 

8.4 


HBr 

0.02 


2.9 

Br 

0.446 

0.344 

3/14 

KBr 

0.004 

3.75 

3.63 

K 

3.55 

3.63 


HBr 

0.01 



Br 

0.26 

0.275 


KBr 

0.01 

3.79 

2.63 

K 

1.90 

2.63 


HBr 

0.01 



Br 

0.352 

0.38 


KBr 

0.02 

3.81 

1.66 

K 

1.34 

1.66 


HBr 

0.01 



Br 

0.475 

0.60 

3/19 

Ca(OH )2 

0.00057 

4.91 


Ca 

0.55 

<1 


CaBrj 

0.004 



Br 

0.68 

>1 


Ca{OH)i 

0.0027 

5.84 


Ca 

0.32 

<1 


CaBri 

0.004 



Br 

0.91 

>1 


Ca(OH). 

0.0057 

9.48 


Ca 

0.21 



CaBri 

0.004 



Br 

1.09 



CaBr. 

0.004 

4.79 

0.76 

Ca 

0.75 

0.58 


HBr 

0 



Br 

0.59 

1.32 


CaBro 

0.004 

4.31 

1.90 

Ca 

2.57 

3.6 


HBr 

0.005 



Br 

0.41 

0.52 


CaBrj 

0.004 

2,42 

2.3 

Ca 

2.35 

5,3 


HBr 

0.03 



Br 

0.465 

0.43 


CaBrj 

0.004 

1.95 

1.6 

Ca 

2.15 

2.56 


HBr 

0.04 



Br 

0.50 

0.62 


CaBrj 

HBr 

0.004 

0.05 

1.70 

1.4 

Ca 

Br 

1.93 

0.56 

1.96 

0.71 

3/27 

aigso, 

HBr 

0.01 

0.006 

4.07 

1.50 

SO. 

Br 

0.51 

0.69 

0.45 

0.66 






Mg 

1.15 

2.25 
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and Randall’s ionic strength data,® the positive ion ratios become 
a little better but the negative ion ratios are worse. E\'idently, 
either the Donnan equation does not hold under these conditions or 
a very appreciable amount of ions is combined -n-ith the protein. It 
will be noted that at pH 2,0 or lower, the calcium ratios become 
approximately correct. If the calcium combined with the same group 
as does the h3"drogen, this would be the expected result since an excess 
of hydrogen ions would displace the calcium from its combination 
Avith the protein. 

If these discrepancies are due to the combination of one of the ions 
of the salt with the protein then if the relative activities of the ions 
are determined by means of e.m.p. measurements, the correct values 
for the ratios should be obtained. Owing to the difficulty of obtain- 
ing satisfactory electrodes mth alkaline earth or alkali metal elec- 
trodes, this e-xperiment was performed with ZnCb, 

Experimental . — 40 gm. of dry powdered isoelectric gelatin were suspended in 
500 cc. of solution containing the noted amounts of HCl and ZnCl., and stirred at 
0* for 2 hours. Control e.xpeiiments showed that this was sufficient time for equi- 
librium. The solution ■was then filtered and the filtrate analyzed for Zn and Cl. 
The volume of solution was noted and the concentrations of Zn and Cl in the 
gelatin were obtained by difference. The swollen gelatin was melted and the Zn, 
chloride, and hydrogen ion electrode potentials determined in the filtrate and 
melted gelatin at 25“, using a saturated KCI calomel electrode as a reference m'th 
a saturated KCI bridge and the usual potentiometric method. The Zn electrodes 
were prepared by amalgamating zinc rods. They gave satisfactory and repro- 
ducible results in aqueous solutions provided the solution was more acid than 
about pH 3.0. In the presence of gelatin the rcadmgs were constant without the 
addition of acid, but in acid solution the readings were low and increased slowly 
with time. This accounts for the discrepancj- in the Zn potential in the add 
solurion. The chloride electrodes were prepared as described by Macinnes and 
Parker.® The electrode in the gelatin solution was negative to the electrode in 
the filtrate, in each case. 

The activity of the ions in the solution, assuming no combination 
with the gelatin, was obtained from the total concentration by means 
of the table of Lewis and Randall,® connecting the ionic strength with 

® Lewis, G. N., and Randall, 31., Thermod>'namics, Nev.- York and London, 
1923, 382. 

* iladnnes, D. A., and Parker, K., J. Am. Chem. Sac., 1915, xxxvii, 1445. 
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the activity coefficient of the individual ions. It was assumed that 
the gelatin had no effect on the ionic strength but that the complex 
gelatin-hydrogen ion affected it in the same way as uncorabined hy- 
drogen ion. That is, the total HCl concentration was used to cal- 
culate the ionic strength and not simply the Cl concentration. It 
might be expected a priori that the protein would greatly affect the 
ionic strength of the solution, especially if, as seems probable, it is 
a polyvalent ion. It has been found, however, that the data are much 
more consistent if the assumptions mentioned above were used, i.e. 
that the pure protein has no effect and that the added HCl or other 
electrolyte affects the ionic strength in the same way as it would in 
the absence of gelatin. This amounts to assuming that the complex 
protein-hydrogen ion is monovalent. 

The results of the experiment are given in Table 11. The various 
electrode potentials agree within 1 mv., except in the most acid solu- 
tion. In this case, as was stated above, the Zn electrode potential in 
the presence of gelatin is not constant. The ratios of the total con- 
centrations of chloride ion are also quite close to the ion activity 
ratios, but the ratios of the total hydrogen ion and the total Zn ion 
concentrations are much too small; i.e., the actmties of the zinc 
and hydrogen ions in the gelatin are much smaller than would 
be expected from their total concentrations. The experiment shows 
directly, therefore, that the gelatin decreases the activity of the 
hydrogen and Zn ions but has little effect on that of the chloride 
ion. In the strongly add solution there is no effect on the zinc ion 
when the correction for the ionic strength of the solution is made. 
These two facts render it very unlikely that the effect of the gelatin 
is upon the activity coefficient of the ions, since it would be expected 
that this would be apparent in all cases, but show that it is rather upon 
the concentration of the ions. That is, the hydrogen ion and the 
zinc ion combine with the gelatin to form complex ions w’hich do not 
influence the electrodes. This has been well established in the case 
of hydrogen ions, and the present experiment shows that zinc behaves 
in an analogous way but to a smaller extent. The dissociation of 
the complex gelatin-Zn ion is evidently much greater than that of 
the gelatin-hydrogen ion. 
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The agreement between the various electrode potentials shows that 
the system obeys the Donnan equilibrium quite closely, and that the 
discrepancies obtained when total concentrations are compared are 
due to the formation of compounds between the gelatin and the ions. 

This furnishes a method for the determination of the formation of 
such complexes without the use of e.m.f. measurements. The com- 
bination of any ion with a protein can be easily determined even though 


TABLE II. 


Comparison of Activity Ratios from Electrode Potential Measurements seitk Total 
Concentration Ratios. 40 Gm. of Gelatin. Total Volume 1,000 Cc. 

Total ZitCli Concentration 0.01 M. 


Eipcrunent 

Total HCl concentration 

pH of gelatin 

H electrode e.m.f., mv 

Ag-AgCl electrode e.m.f., mv 

Zn electrode e.ji.f., viv 

Ratio- <^^tivity H in filtrate 

Activity H in gelatin 

Total cone. H in filtrate (as HCl) 

Total cone. H in gelatin (as HCl) 

„ .. Activity Cl in filtrate 

Activity Cl in gelaun [ 

„ .. Total cone. Cl in filtrate 

Ratio: T" 

Total cone. Cl in gelatin 

( calc, from H ratios 

“ “ observed e.m.f. 
“ “ analysis 

t, .. Total Zn cone, in filtrate 

Ratio; 

Total Zn cone, in gelatin 


1 

2 

3 

0.0105 


0.04 

4.05 

3.51 

2.18 

IS .5 


14.5 

15.2 

19.0 

15.0 

14.S 

18.0 

10.0 

1.83 

2.19 

1.76 

0.017 

0.018 

0.166 

0.546 

0.457 

0.568 

0.552 

0.48 

0.555 

0.508 

0.42 

0.48 

0.488 

0.41 

0.46 

3.35 

4.8 

3.1 

3 .18 

4.08 

2.2 

2.11 

3.23 

3.0 

1.85 

2.68 

2.44 


it is not possible to have an electrode for that ion. It is only necessar)- 
to determine the distribution in a S3'-stem such as the above and also 
the actmty ratio for some ion, sudi as hj'drogen or chloride, which 
can be convenicntlj’ measured by e.m.f. measmements. Since the 
acti\dt}" ratios of the other ions must be related to that of the chloride 
or h3'drogen as expressed b3^ Donnan’s equation, the acti\’it3' of the 
ion in the protein solution can be calculated from that of the out- 
side solution. Leva's and Randall’s tables of acti\-it3- coefBcients at 
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various ionic strengths furnish the data for determining this when 
the total concentration and ionic strength are known. The actmty 
of the ion in the protein solution divided by its actmty coefficient 
for a solution of the proper ionic strength gives the total concen- 
tration of the ion,^ and this value subtracted from the total con- 
centration as determined by analysis gives the amount combined 
with the protein. 

The results of several experiments carried out in this way with 
ZnCb are shown in Table HI. They show that in 15 per cent gelatin 
at pH 4.7, over 50 per cent of 0.01 M Zn is combined with the gelatin 
and about 10 per cent of the chloride. It will be noted that in the 
first experiment the amount of Zn actually removed by the gelatin 
from tire solution is just equivalent (1/2) to the cliloride removed, 
since the outside solution must remain electrically neutral. If the 
particles were filtered, dried, and analyzed, it would be found, therefore, 
that they contained equivalent amounts of Zn and Cl and hence it 
might be concluded that the protein combined with both ions of 
the salt. This is, however, incorrect. Practically none of the chloride 
is combined and the remainder is simply held by electrostatic attrac- 
tion. This illustrates the practical impossibility of obtaining reli- 
able results as to compound formation by the analysis of protein 
precipitates. As the solution is made progressively more acid, less 
and less Zn is combined until at pH 2.0 there is practically none com- 
bined. The amount of chloride -combined on the other hand increases 
about in proportion to the concentration, so that the per cent combined 
remains constant. The result bears out the idea, expressed before, 
that the Zn combines with the same group as does the hydrogen. 

’ This calculation necefoarily involves a relation between the electrode poten- 
tial of an ion and its concentration in the presence of other electrolytes. This is 
at present a very uncertain step, but it is possible to make the calculation by means 
of Lewis’ ionic strength data. This method has been used throughout the present 
paper, although it is realized that such calculations are difBcult for simple physical 
interpretation. The phj'sical significance of the value obtained by dividing the act- 
ivity of the Zn ion by its activity coefittcient (as given by Lewis for a solution of 
that particular ionic strength) may be best expressed as the concentration of ZnClj 
which would give the obsen'ed electrode potential in a solution of the same ionic 
strength. Since the amount of zinc found b}' analysis is in e.xcess of this it seems 
logical to suppose that the excess of zinc is combined with the protein. 
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Determination of the Comhinaiion of Gelatin with Zn Chloride by 
Direct e.m.f. Measurements. 

In order to confirm the results obtained by tliis metliod a series 
of experiments was made to determine the effect of gelatin on the po- 
tential of a zinc or chloride electrode in zinc chloride solution.® The 

TABLE III. 


Catculation of Zn and Ct Combined with Gelatin from Cl .Activity Ratios. Total 
ZnCt . Concentration 0.01 u. 



1 

2 

3 






pH of gelatin 

4.7 

4.05 

3.51 

2.18 

Gm. of dry weight of gelatin per 100 cc. of swollen 

gelatin 

Total. concentration Zn in filtrate, ii 

1 

19 

0.0082 

14 

0.0115 

11 

0.013 

9 

0.014 

“ “ Cl “ “ if 

0.0178 

0.0236 

0.027 

0.040 

“ “ H " “ M 


0.0006 

0.001 

0.012 

ft (ionic strength) of filtrate 

0.025 

0.035 

0.039 

0.053 

7 Zn in filtrate 

O.SO 

0.48 

0.47 

0.43 

a Zn++ in filtrate 

0.0042 

0.0055 

0.0060 

0.0060 

Ratio: (from Clr.o.) 

0.813 

0.552 

0.48 

0.555 

a Cl in gelatin 

a Zn in gelatin (calculated) 

0.0028 

0.0018 

0.0014 

0.0018 

Total H"*" in gelatin 


0.036 

0.055 

0.075 

“ Zn “ “ observed 

0.0126 

0.0062 

0.0048 

0.0056 

u a « 

0.0253 

0.CM83 

0.065 

0.086 

ft in gelatin 

0.038 

0.034 

0.070 

0.091 

■yZn in gelatin 

0.47 

0.42 

0.39 

0.35 

Czn “ “ (calculated) 

0.0059 

0.0043 

0.0036 

0.0052 

Czn-gcbtin 

0.0067 

0.0019 

0.0012 

0.0004 

Per cent Zn as Zn-gclatin 

54 

31 

26 

7 

y Cl in filtrate 

0.88 

0.86 

0.86 

0.84 

a Cl “ “ 

0.0156 

0.020 

0.023 

0.0333 

a Cl “ gelatin (calculated) 

0.0192 

0.037 

0.0466 

0.060 

7 Cl “ " 

0.86 

0.83 

0.82 

O.SO 

Ca- “ “ 

0.0224 

0.044 

0.057 

0.075 

Cgebtin-Cl 

0.003 

0.0013 

0.008 

0.011 

Per cent Cl as gelatin-Cl 

11 

9 

12 

12.5 


zinc and Ag-AgCl electrodes were first standardized against a series 
of concentrations of zinc chloride made up in 0.001 M HCl, and the 


® Mc.Tsurenients of Zn potentiak in ZnSO, -gelatin solutions have been made 
by iMuUdieller(Mutschdler,A.,/. Am. Chcm.Soc., 1920, dii, 2142) who found 
that some Zn+ but more SO»- was combined with the gelatin. 
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Standard electrode potentials were calculated by using Lewis and 
Randall’s figures for the ionic strength n, and the activity coefficient 
7. The values for the e.m.r. of the cell 

Zn i u ZnClj ] saturated KCl ] HgCl ] Hg 

and for the cell 

Ag 1 AgCl 1 M ZnClj 1 saturated KCl | HgCl ] Hg 

are shown in Table IV. All measurements were made at 25°. The 
experiment shows that the values obtained for the standard molar Zn 


TABLE TV. 

Zn-ZnCli E.M.r. Measurements. 


Conccnlra- 
tioa ZnCl]. 

Zn 

7W s= cZa 

pZn 

E’ observed. 

E° = E obs. — (0.0255 pZn) 

A 

7 

u 







o.os 

0.15 

(0.32) 


1.79 

1.0548 

(1 .002) 

0.02 

0.06 

0.41 


2.086 

1.063 

1.0025 

0.01 

0.03 

0.50 

0.0050 

2.301 

1.070 

1.002 

O.OOS 

0.015 

0.57 

0.00285 

2.545 

1.077 

1.002 

0.002 

0.006 

0.64 

0.00128 

2.893 

1.087 

1.0016 

Average 1 .0020 

Sat. KCl-Hs.0.243 
Zn,Zn'*'+;£“=0.7590 


Ag-AgCl-ZnCli E.M.F. Measurements. 


Coacentra» 

Cl 

■Yfrt » aCl 

pCl 

E observed. 

£“ =■ E obs. + (0.055 pCl) 


M 

7 

u 







0.041 

0.060 

0.83 

0.0341 

1.467 


0.0165 

0.021 

0.030 

0.87 

j 0.0183 

1.737 


0.0170 

0.011 

0.0155 

0.90 

0.0099 

2.004 


0,0176 

O.OOS 

[ 0.0065 

0.94 

0.0047 

2.328 

-0.1190 

0.017 

Average 0.017 

Sat. KCl - Hj. 0.243 
Ag, AgCl, C1-; 
jS“ = -0.226 


or Ag electrode against the saturated KCl calomel electrode are con- 
stant and independent of the salt concentration. The saturated 
calomel electrode used gave a calculated e.m.f. of £ = -0.243 against 
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Dcicrminalion of the Comhinalion of Gclaiin with Zn Chloride by 
Direct E.M.F. Measurements. 

In order to confirm the results obtained by this metliod a series 
of experiments was made to determine the effect of gelatin on the po- 
tential of a zinc or chloride electrode in zinc chloride solution.® The 

TABLE III. 


Calculation of Zn and Cl Combined unth Gelatin from Cl Activity Ratios. Total 
ZnCl t Conemtration 0,01 M. 


Experiment 

1 

2 

3 

i 

pH of gelatin 

4.7 

4.05 

3.51 

2.18 

Gm. of dry weight of gelatin per 100 cc. of swollen 





gelatin 

19 

14 

11 

9 

Total concentration Zn in filtrate, M 

■mltM 

O.OllS 

0.013 

0.014 

“ “ Cl “ “ M 


0.0236 

0.027 

0.040 

" “ H “ “ M 



0.001 

0.012 

n (ionic strength) of filtrate 


0.035 

0.039 

0.053 

7 Zn in filtrate 


0.48 

0.47 

0.43 

a Zn'*"*’ in filtrate 


0.0053 

0.0060 

0.0060 

Ratio: (from Cl P.D,) 

0.813 

0.552 

0.48 

0.555 

0 ! Cl in gelatin 





or Zn in gelatin (calculated) 


0.0018 

0.0014 

0.0018 

Total H’*’ in gelatin 


0.036 

0,055 

0.075 

Zn “ “ observed 



0.0048 

0.0036 

<t p] (( ft (t 

0.0253 

0.0483 

0.065 

0.0S6 

n in gelatin 

0,038 

0,054 

0.070 

0.091 

7 Zn in gelatin 

0.47 

0,42 

0.39 

0.35 

Czn " “ (calculated) 

in 

0.0043 

0.0036 

0.0052 

Czn-gclMin » . . . . 

in 

0.0019 

0.0012 

0.0004 

Per cent Zn as Zn-gclatin 

54 

31 

26 

7 

7 Cl in filtrate 

0.88 

0.86 

0.86 

0.84 

a Cl •' “ 

0.0156 

0.020 

0.023 

0.0333 

a Cl “ gelatin (calculated) 

0.0192 

0.037 

0.0466 

0.060 

7 Cl “ " 

0.86 

0.83 

0.82 

O.SO 

Cci- " " 

0.0224 

0.044 

0.057 

0.075 

Cj;eUliG-Cl - 

0.003 

0.0043 

O.OOS 

0.011 

Per cent Cl ns gclatin-Cl 

11 

9 

12 

12.5 


zinc and Ag-AgCl electrodes were first standardized against a series 
of concentrations of zinc chloride made up in 0.001 M HCI, and the 


® Measurements of Zn potentials in ZnSOt-gelatin solutions have been made 
by Muiscliellcr (Mutscheller, A., /. Am. Cliem. Soc., 1920, xlii, 2142) who found 
that some Zn+ but more SO»~ was combined v.nth the gelatin. 
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standard electrode potentials were calculated by using Lewis and 
Randall’s figures for the ionic strength p., and the activity coefficient 
7 . The values for the e.m.p. of the cell 

Zn i M ZnCli 1 saturated KCl j HgCl | Hg 

and for the cell 

Ag j AgCl j II ZnCli j saturated KCl j HgCl ] Hg 

are shown in Table IV. All measurements were made at 25°. The 
experiment shows that the values obtained for the standard molar Zn 


TABLE IV. 

Zn-ZnClt E.M.r. Measuremettts. 


Concentra- 
tion ZqCI). 

Zn 

ym » aZn 

pZn 

E® obser\'ed. 

£“*=>£ obs. “ (0.029S pZn) 


y 

u 

0.05 

0.15 

(0.32) 

11 

1 1.79 

1.0548 

( 1 . 002 ) 


0.06 

0.41 


2.086 1 

1.063 

1 1.002s 

0.01 

0.03 

0.50 

na 

2.301 

1.070 i 

1.002 


0.015 

0.57 

0.00285 

2.545 

1.077 

1.002 


0.006 

0.64 

0.00128 

2.893 

1.087 

1.0016 







Average 1 .0020 

Sat. KCl-Hi.0.243 
Zn,Zn++;jE°=0.7590 


Ag-AgCl-ZnCl: E.M.F. Measurements. 


Concentra- 

Cl 

ym *» oCl 

pCl 

B observed. 

Sobs. + (0.059 pCl) 

Liuii CL 


7 

u 







0.041 

0.060 

0.83 


1.467 

-0.070 

0.0165 

0.021 

0.030 

0.87 


1.737 

-0.0850 

0.0170 

0.011 

0.0155 

0.90 


2.004 


0.0176 

0.005 

0.0065 

0.94 


2.328 

-0.1190 

0.017 

Average 0.017 

Sat. KCl - H,. 0.243 
Ag, AgCl, C1-; 

E> = -0.226 


or Ag electrode against the saturated ELCl calomel electrode are con- 
stant and independent of the salt concentration. The saturated 
calomel electrode used gave a calculated e.m.p. olE - -0.243 against 
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seems no reason to suppose that this is other than ordinary complex 
ion formation; but, as in the case of hydrogen, experimental proof of 
the stoichiometric nature of the reaction is difficult to obtain. It can 
be shown, however, that the reaction is rapidly and completely re- 
versible, which is the result expected if the compound is an ordinary 
chemical one and is the opposite of the result obtained in cases such 
as that of charcoal where there is surface adsorption. Table VII 

TABLE VI. 


Comhimlion of Zn wUh Gelatin from Measurements with Zn Electrodes. 10 Per Cent 

Gelatin. 


Concentration 

ZnCU. 


aZn 

^Zn 

C^n combined 
with gelatin. 

Per cent Zn 

I combined. 

u 

0.05 

1.0595 

0.011 

0.0345 

0,0155 i 

31 

0.02 

1.0718 

0.0043 

0.0105 

0.010 1 

SO 

0.01 

1.0312 

0.0021 

0.0042 

0.0058 ^ 

58 

0.005 

1.097 

0.00095 

0.00167 

0.00383 

76 


TABLE tni. 

Reversibility of Zn-Gelatin Combination. 



A 

B 

Method of preparing solu- 
tion 

SOcc. ^ZnCli-f SOcc. 10 

per cent isoelectric gela- 
tin, 1 hr., 25°. 

1.0760 

4.70 

1 cc. “ ZnClj -f 25 cc. 20 

per cent gelatin, 1 hr., 25° 
and then diluted to 100 cc. 
1 .0760 

4.70 

E.W.F., Zn electrode ' 

pH 



shows that the activity of Zn++and of H+ are the same in the presence 
of the same concentration of gelatin whether the Zn and gelatin were 
mixed in concentrated solution and then diluted or whether they 
were diluted first. 

Effect of the Combination with the Salt on the Properties of the Pro- 
tein Solution. 

If the gelatin combines more with one ion of the salt than with the 
other, as is indicated by the preceding experiments, and if the result- 
ing compound is itself an ion, then the addition of ZnClj to isoelectric 
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gelatin must give rise to ionized gelatin and hence to a Doiman equilib- 
rium just as does the addition of acid, except to a much smaller extent. 
The osmotic pressure, swellmg, and viscosity of gelatin should all 
be affected. That this is actually the case may be seen from Tables 
Vm, IX, and X, The effect is small, and in dilute gelatin solution 


TABLE Vin. 

Effect of ZnClt on Viscosity of Gelatin Solutions. 
5 Per Cent Isoelectric Gelatin. 


Cone. ZnClj, sr. 

0.5 

0.10 

0.01 ! 

0 

pH 

3 95 

4 33 

4.55 

4.8 

Relative viscosity compared to corresponding aqueous solu- 



tion of ZnCli after 24hts. 37“ 

6.31 

7.86 

i 7.84 

7.15 


TABLE IX. 

Effect of ZnCh on Swelling of Particles of Isoelectric Gelatin. 

S Gtn. of Dry Isoelectric Gelatin Added to 100 Cc. of ZnClt and Kept at Z'C.for IS 
Hours. Total Volume 106 Cc. 


Cone. ZnClj, if. 

0.5 

0.10 

0.01 

0 

Volume of filtrate (average of 3 experiments) 

49 

S3 

55 

59 

" " gelatin | 

57 

53 

51 

47 


TABLE X. 

Effect of ZnClt on Osmotic Pressure of Gelatin. 25 Cc. of 10 Per Cent Isoelectric 
Gelatin in Collodion Sac Suspended in 60 Cc. of Various Concentrations 
of ZnClt pH 4.7 at 37°. Readings after 24 Hours. 


Cone. ZnClt, m 

0 i 

0.02 

0.20 

0.50 

Osmotic pressure in mm. Hg (average of 6 





experiments) 

37.7±1.0, 

S6±1.8 

53.0±0.8 

48.2±0.6 

Chloride ratio (from E.it.r.): ° — 

i 

1.20 



a Cl outside 





a Zn++ ratio, calculated from Cl ratio 


0.70 



a Zn++ “ " " total Zn con- 





centration 


1.20 


i 


would be negligible compared to the effect of add. The fact that the 
Zn is more concentrated inside the membrane than outside shows, 
however, that the result is not due to the H+, since if the Zn were 
merely inert the concentration of Zn outside would necessarily be 
greater than inside in order to agree with the H+ and CI~ ratios. 
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The osmotic pressure experiment is the most direct, since both the 
swelling and viscosity are influenced by other factors than the ion 
concentration. The swelling depends also on the cohesion of the 
gelatin particles; if the force which tends to hold the particles to the 
original size should decrease this sweUing will evidently increase al- 
though the osmotic pressure may be no greater. This presumably 
accounts for the fact that the swelling maximum does not agree with 
the maximum of osmotic pressure. 

The viscosity is a function of time and the selection of the proper 
value is difficult. The figures given were obtained after 24 hours 
at 34° and were constant for about 10 hours. Before this time, 
the control and most concentrated solutions decreased in viscosity 
while the intermediate concentrations increased. 

It win be noted in Table VIII that the pH of the solutions becomes 
lower as Zn is added, although both solutions were originally pH 
4.7. Diluting either the gelatin or ZnCh with water does not cause 
a change in pH. The effect is therefore due to a reaction between the 
ZnCls and gelatin. If, as was suggested, the Zn replaces the H from 
combination this increase in acidity is due to the liberated H+ just 
as adding acid was found to inaease the Zn++ concentration, 

SUMMARY. 

1. It has been found that the ratios of the total concentrations of 
Ca, Mg, K, Zn, inside and outside of gelatin particles do not agree with 
the ratios calculated according toDonnan’s theory from the hydrogen 
ion activity ratios.' 

2. E.M.p. measurements of Zn and Cl electrode potentials in such a 
system show, however, that the ion activity ratios are correct, so that 
the discrepancy must be due to a decrease in the ion concentration 
by the formation of complex ions with the protein. 

3. This has been confirmed in the case of Zn by Zn potential 
measurements in ZnCb solutions containing gelatin. It has been 
found that in 10 per cent gelatin containing 0.01 M ZnCU about 60 
per cent of the Zn++ is combined with the gelatin. 

^ 4. If the actmty ratios are correctly expressed by Donnan’s equa- 
tion, then the amount of any ion combined with a protein can be de- 
termined without E.M.P. measurements by determining its distribution 
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in a proper system. If the activity ratio of the hydrogen ion and the 
activity of the other ion in the aqueous solution are known, then the 
activity and hence the concentration of the ion in the protein solu- 
tion can be calculated. The difference betn^een this and the total 
molar concentration of the ion in the protein represents the amount 
combined with the protein, 

5. It has been shown tliat in the case of Zn the values obtained 
in tliis way agree quite closely with those determined by direct e.m.f. 
measurements. 

6. The combination with Zn is rapidly and completely reversible 
and hence is probably not a surface effect. 

7. Since the protein combines more with Zn than v/ith Cl, the 
addition of ZnCl 2 to isoelectric gelatin should give rise to an unequal 
ion distribution and hence to an increase in swelling, osmotic pres- 
sure, and viscosity. This has been found to be the case. 



OBSERVATIONS ON THE INJURIOUS EFFECTS OF HIGH 
TEMPERATURES ON FROG SKIN. 

Bv JOHN \V. KLOPP. 

{From the Department of Physiology, School of Medicine, Unmrsity oj Pennsylvania, 
Philadelphia, and the Marine Biological Laboratory, Woods Hole.) 

(Accepted for publication, June 22, 1924.) 

It has been shown by Osterhout (1) that the electrical conductance 
of living tissues may be used as a general criterion of their %dtality, 
and may in particular be employed in quantitative studies of injuries 
inflicted upon them. It has been found by this investigator that 
such injuries may give rise to one of three results, namely (a) progres- 
sive change leading to death, {b) partial recovery, or (c) complete 
recovery. These studies of Osterhout suggest the possibility of using 
in a similar way some other electrical property of tissues in attempting 
to define such indefinite terms as vitality, injury, and death. Thus, 
for example, it has been known since the early work of Du Bois- 
Reymond (2) that there is a difference of electrical potential between 
the inner and outer surfaces of the skin of the frog; and this poten- 
tial difference has been the subject of much investigation since that 
time.^ The question naturally arises how far the results of Osterhout 
might be paralleled by those obtained by studies on it; and the ob- 
servations here reported were made with the object of determining this 
point. 

The method employed was as follows: The skin, having been removed from 
various parts of the pithed animal with a minimum of trauma, was cut into squares 
of sufficient size to fit without undue stretching over the flanged end of a short 
glass cylinder of about the caliber of an ordinary test-tube, and was held in place 
there by a rubber band. The tube was then filled with Ringer’s solution, and its 
skin-covered end immersed in a dish of the same solution. Non-polarizable 
Zn-ZnSO* electrodes served as leads from each of these two solutions, and the 


’ Jlore extensive references to the literature on this and certain other points 
will be pven when the complete data are published in a later paper. 
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difference of potential between them w’as measured by means of an accurate 
potentiometer. Precautions were taken to see that the two electrodes themselves 
were at the same potential at the beginning and during the course of the experi- 
ments. 

Measurements made in the manner described have confirmed the 
observations of others that when Ringer’s solution is used on both 
sides of the skin, the external surface is always electronegative to the 
internal, and none of the procedures used in these experiments suf- 
ficed to reverse this polarity. The skin of the large bullfrog {Rana 
caieshiana) obtained at Woods Hole showed considerably higher 
P.D. than those recorded by most previous observers who have usually 
obtained values from 30 to 90 mv. The present observations on 
freslily captured bullfrogs gave a range of from 55 to 141 mv., 
though values of the usual magnitude were obtained with ordinary 
laboratory frogs in Philadelphia. 

That there is some correlation between the vitality of the skin and 
its observed p.d. is indicated in a general way by the fact that sickly 
frogs and those held captive a long time usually give much lower values 
than do healthy ones recently captured. Similarl}’-, it is eas}' to 
show that various noxious agents which are generally admitted to 
damage the skin (c.g. drjdng, formalin, alcohol, strongly hypertonic 
salt solutions, etc.) cause a progressive drop in the p.d., leading, 
finally, to a zero potential. While it is thus possible to use for pur- 
poses of studj' a variety of injurious agents, high temperatures alone 
were employed in these experiments because of the ease mth which 
they can be controlled and measured. 

The nature of the effects produced by continuous e.xposures to 
high temperatures was first studied, and the results from one typical 
experiment are reproduced in Fig. 1. For purposes of more ready 
comparison the readings have been changed from millivolts to per- 
centages of their value at the beginning of the experiment. This 
dexice was utilized because it usually is not possible to obtain, even 
from the same animal, a number of pieces of skin the p.d. of which 
arc exactly the same. It will be noted that the control curve for 
room temperature follows a somewhat erratic course (sec also Fig. 2). 
This is tjT)ical; and the most common result is a more or less regular 
fall in the p.d. toward zero. Usually, with the skin on the tubes in 
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Ringer’s solution, tMs point has not been reached m 24 hours; and 
the sMn may be kept for this length of time on the dead animal with- 
out entirely losing its P.n. if precautions are taken to keep it moist. 

It m\\ be observed that with the exception of the one represent- 
ing the lowest temperature, where there was a short characteristic 
preliminary rise, the curves all show a progressive fall, rapid at rst, 
but becoming slower and slower as the zero point is approached. 



Fig. 1. Course of the p.d. of frog skin during continuous exposure to injurious 
temperatmes. Each curve represents a single eicperiment. 

In certain cases a good straight line relation may be obtained by plot- 
ting the logarithm of the p.d. (measured in per cent of its original 
obsen^ed value in millivolts) against time; but the author does not 
wish to draw the conclusion that a monomolecular reaction is neces- 
sarily involved, since many purely physical processes are known 
to follow the same law. Brooks (3) and others have warned against 
the mistaken resemblance of the time curves of a number of destruc- 
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tive biological processes to that for monomolecular reactions, point- 
ing out that the apparent logarithmic straight lines are in reality 
S-shaped curves. Some of the logarithmic curves obtained from the 
present experiments show this latter relation. A number of attempts 
have been made to determine in an exact manner a temperature coef- 
ficient for the injurious effects of heat by comparing the times required 
for different temperatures to depress the p.r>. to a given level (e.g. 
50 per cent of the original); but these attempts were abandoned 
because of the great variabilit}' of the material. It was found, how- 
ever, that such temperature coefficients as could be obtained were 
invariably much higher than those characteristic of ordinary chemical 
reactions, and were of the same general order of magnitude as those 
found, for example, by Chick and Martin (4) for the coagula- 
tion of proteins, and by various observers for the destruction of living 
cells (5). 

Hamng determined the effects of continuous exposures to high 
temperatures, experiments were then performed to study the after- 
effects produced by short exposures of various lengths. The general 
procedure was to measure the p.d. of tlie skin as usual in Ringer’s 
solution at room temperature for 30 to 40 minutes, to establish the 
normality of the specimen, subsequently immersing it in a hot Ringer 
bath at the desired temperature. As soon as this temporary’’ exposure 
was completed the skin was replaced in the original Ringer’s solution, 
and measured at room temperature from that time on. From 
these experiments a few typical ones are selected to illustrate the 
nature of the effects produced (Fig. 2). It "nnll be seen that by vary- 
ing the intensity of the injury it is possible to obtain all three types of 
response described by Osterhout, namely (o) progressive decline to 
deatli, (&) partial recovery, and (c) complete recovery. It is impossible 
in a figure of this size to continue the curves beyond a point represent- 
ing 200 minutes from the beginning of the experiment, but the author 
has followed such experiments for many hours without obtaining 
further changes of significance. In addition to the method thus de- 
scribed another has been used in some experiments, namely varj-ing 
the time of the exposure with the temperature constant, instead of 
using tlie temperature as the variable. The results, while somewhat 
less regular than those already described, nevertheless have been of 
the same nature. 
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The results obtained, therefore, parallel in a general way those of 
Osterhout. The p.d. of frog skin may to a certain extent be used as a 
criterion of injury, and from measurements of its magnitude at inter- 
vals curves of recovery and death may be constructed. It must be 
admitted, however, that for purposes of quantitative study involving 
the exact nature of the processes of death and recovery the method is 



Fig. 2. Shovnng the after-eSects of temporary exposure to injurious tempera- 
tures for 10 minutes. (Heat applied from the 40th to 50tb minutes.) Each 
curve represents a single experiment. 

inferior, at least in the hands of the author, to the electrical conduc- 
tance method of Osterhout. By reason of its more limited applica- 
bility, and because of the greater complexity and variability of the 
material, the method herein described jdelds results which are not 
easily reproducible; though it may perhaps lay some claim to value as 
an independent and supplementary means of testing the conclusions of 
previous workers. 
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of the tablets, when this content is reasonably 
close. 

2. The degree of salicylate or of acetophcnet- 
idin absorption is of a wide variation witliin the 
same individuals for the same product upon 
different days, and is probably governed by 
several physiologic factors as well as the com- 
position and physical characteristics of the 
tablets. 

3. It is possible to demonstrate salicylate in 
the plasma within one to two minutes after 
ingestion of tablets containing aspirin at a dose 
level of seven to ten grains. 

4. J>-Aminophenol is not present in the blood 
within one to two minutes, but does occur in 
about fifty per cent of the subjects within eight 
minutes. 


5. The data observed are treated statistically 
to aid in evaluating the widely spread individual 
figures 
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Analogs of Nucleotides III* 

Syntheses in the Series of Adenosine Phosphonate Derivatives 

By MANFRED E. WOLFFf and ALFRED BURGER 

The synthesis of 9-( 5'-deoxy-5'-(diethyl phosphonate-/S-D-ribofuranosyl))-6-amino- 
2- (methylthio) purine is described. Methyl 2, 3-isopropylidene-5-deoxy-5- (diethyl 
phosphonate)-D-ribofuranoside was converted to the aldehydo triacetate in seteral 
steps. Treatment with 2-(methylthio)-4,6-diaminopyrimidine gave a Schiff base 
which was transformed to the N-ribofuranoside, coupled with 2,5-dichlorophenyl- 
diazonium sulfate and reduced. Thioformylation and cyclization to the purine gave 

the final product. 


' I 'he significance of the C-O-P moiety in 
adenosine phosphate with respect to the 
various reactions in which this metabolite is in- 
volved should be capable of examination by bio- 
chemical evaluation of adenosinephosiihonic 
acid and the esters and anhydrides derived from 
it. The C-P bond in such phosphonic acid 
analogs would not be subject to hydrolysis, and 
its degradation, if any, would occur at a rate of 
much smaller magnitude than is found in adeno- 
sine phosphate. The phosphonic acid analogs 
are, therefore, potential adenosine phosphate 
antagonists since they could block essential 
cellular receptor sites by virtue of their pro- 
nounced structural similarity to the natural phos- 
phate factors. 

The preparation of phosphonoglucopyranosyl 
derivatives of adenine as model compounds for 
syntheses involving phosphonoribofuranosyl 
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tories, Philadelphia, Pa 


groups has been described by us in an earlier 
study (1). This paper is a progress report on 
experiments designed to furnish ultimately 
adenosine-5 '-phosphonic acid. 

The sjmtlietic route employ’ed for tlie prep- 
aration of the glucopyranosyl derivatives in- 
volved the treatment of a 6-acylamido-9-(2',- 
3 ',4'-tri-0-acetyl-6 '- deoxy - 6 ' - bromo - jS -u - gluco- 
pyranosjd) purine with a trialkyl phosphite in a 
Michaelis-Arbuzov transformation. By anal- 
ogy, the most obvious preparation of an adeno- 
sine-5 '-phosphonic acid derivative would involve 
the similar utilization of a 5'-deoxy-5'-haloadeno- 
sine derivative. These halonucleosides do not 
exist as such, however, but in tlie form of cyclo- 
nucleoside quaternary salts (2). It was neces- 
sary, therefore, to use a synthetic scheme in which 
a suitably protected 6-ribosephosphonate frag- 
ment could be introduced into a second moiety 
whicli could then be converted into an adenine 
structure. 

Among the methods which satisfy these re- 
quirements are (a) the glycosidation of an imid- 



January 1959 


SctENTrFic Edition 


67 


azole derivative followed bj^ cj'-clization to a 
purine (3), or (b) tlie ribosidation of a pyrimidine 
derivative followed by cyclization to a nucleoside 
(4). The latter method was selected in the pres- 
ent synthesis. 

D-Ribose was converted in four steps to methyl 
2,3-isopropyHdene'5-deoxy-5-(diethyl phospho- 
nateJ'D-ribofuranoside (1). The masking groups 
were removed by acid hydrolysis and the 5-deoxy- 
5-(diethyl phosphonate)-D-ribofuranose (1) was 
characterized as its osazone. Treatment with 
etbanethiol in hydrochloric acid medium and 


subsequent acetylation gave 2,3,4-tri-O-acetyl- 
5-deoxy-5-(diefhyI phosphonate)-D-ribose diethyl 
mercaptal (II) which was purified bj' molecular 
distillation or chromatography on alumina. Re- 
moval of the mercaptal groups with mercuric 
chloride regenerated the aldehyde function, and 
the product was condensed with 2-(methylthio)- 
4,6-diaminopyrunidine to give the corresponding 
Schiff base (III). 

For the introduction of the 5-amino function 
into the pyrimidine, coupling m'th 2,5-dichloro- 
phenjddiazonium sulfate according to Todd’s 


CHgPlQKOCjHs)^ 
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OH OH 
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method (5) was chosen in order to avoid destruc- 
tion of the ribosidic linkage. The Schiff base 
(III) was deacetylated with methanolic ammonia, 
coupled, and the resulting azo dye was purified 
by adsorption on chromatographic alumina and 
elution through conversion to the acetylatcd 
derivative (IV). Zinc dust reduction cleaved 
the azo group to produce 5,G-diamino-4-(2',3'- 
di-0-acetyl-5'-deoxy-5 '-(diethyl phosphonate)-D- 
ribofuranosylamino) - 2 - (mcthylthio) pyrimidine 
(V). Although this compound was not obtained 
in a state of complete analytical purity, it was 
thioformylated with dithioformic acid, deacyl- 
ated, and cj'clized to furnish 9-[5'-deoxy-5'- 
(diethyl phosphonate)-d-D-ribofuranos}'l ]-6-aini- 
no-2-(methylthio)purine (VI) which was char- 
acterized as the chloroplatinate. 

EXPERIMENTAL 

S-Deoxy-5-(diethyl phosphonate)-D-ribose. — A 
stirred suspension of 33.2 Gm. (0.102 mole) of syr- 
upy metliyl 2,3-isopropylidenc-5-deoxy-S-(dietliyl 
phosphonate)-D-ribofuranoside (1) in 300 cc. of 
0.4 N sulfuric acid was heated on the steam bath foi 
five hours. The resulting orange-brown solution 
was filtered from a small amount of insoluble oil, 
neutralized to pH 7 with barium carbonate, filtered, 
and partially decolorized with Darco. The filtered 
solution was evaporated at 50° to give 24.8 Gm. 
(90%) of a thick dark syrup which did not crys- 
tallize. 

A sample (500 mg.) was dissolved in 4 cc. of water, 
1.2 Gm. of phenylhydrazine in C cc. of 50% acetic 
acid was added, and the solution was heated on the 
steam bath (6). The solution set to a solid mass 
after five minutes, 30% acetic acid was added to 
cover the crystals, and heating was continued for 
fortj' minutes. The canary-yellow osazone was 
isolated by filtration, washing with 30% acetic acid 
and water, and recrystallization from absolute 
alcohol, m. p. 194-196° (decompn.). 

Anal.—CaXcd. for Cz.HssNiOsP: C, 56.24; H, 6.52. 
Found: C, 55.87; H, 6.70. 

2,3,4-Tri-O-acetyl-S-deoxy- S-(diethyl phospho- 
nate)-D-ribose diethyl mercaptal. — A stirred, ice- 
cold solution of 55.5 Gm. (0.205 mole) of 5-deoxy-5- 
(diethyl phosphonate)-D-ribose in 75 cc. of concen- 
trated hydrochlotic acid was treated with 100 Gra. of 
ethyl mercaptan in 4 portions. The mixture was 
then stirred at 0° for ten minutes, at 27° for fifteen 
minutes, and at 40° for ten minutes. It was poured 
carefully into 800 cc. of saturated sodium bicar- 
bonate solution with stirring, and the pH adjusted 
to 7 with solid sodium bicarbonate. The filtered 
solution was extracted with 1.5 L. of chloroform in 
divided portions, and the chloroform washed with 
40 cc. of water. The dried, filtered solution was 
evaporated to a dark oil in vacuo. The oil was dis- 
solved in 300 cc. of dry pyridine, treated with 75 cc. 
of acetic anhydride, and stored at 27° for sixteen 
hours. The solution was cooled in ice, excess acetic 
anhydride was decomposed by careful addition of 
40 cc. of water, and 800 cc. of chloroform was added. 
Then 20% sulfuric acid was added in the cold until 


pH 2, and the layers were separated. The acid 
layer was extracted with 600 cc. of chloroform in 
divided portions and the combined chloroform 
extracts were washed with saturated sodium bicar- 
bonate solution until basic, with water until neu- 
tral, and dried with sodium sulfate. Evaporation 
of the chloroform i?i vacuo gave a syrup (47 Gm.) 
which was chromatographed on an alumina column 
(2.2 X 37 cm.) in chloroform to give 33.5 Gm. (34%) 
of a yellow syrupy product. A sample was puri- 
fied by molecular distillation at 0.1 mm., bath tem- 
perature 170°. 

Ana/.— Calcd. for C.sHjsOsPSj: C, 46.89; H, 7.25. 
Found: C, 47.41; H, 7.94. 

Aldehydo-2,3,4-tri-0-acetyl-S-deoxy-S -(diethyl 
phosphonate)-i>-ribose. — To a stirred solution of 
23.0 Gm. (0.0473 mole) of 2,3,4-tri-0-acetyl-5-deo.\y- 
5-(dicthyl pliosphonate)-D-ribose diethyl mercaptal 
and 44.5 Gm, of cadmium carbonate in 85 cc. of 
acetone and 30 cc. of water there was added, drop- 
wise, a solution of 46.2 Gm. (0.17 mole) of mercuric 
chloride in 86 cc. of acetone during three hours. 
The mixture was stirred for 15 hours, and 5 Gm. of 
cadmium carbonate and 15 cc. of water was added 
After two hours of further stirring, the mixture was 
refluxed for one hour, the solids were filtered, and the 
filtrate was evaporated and azeotroped with ben- 
zene. The residue was extracted with 300 cc. of 
chloroform in divided portions and the filtered 
chloroform extracts were washed with 100 cc. of 40% 
potassium iodide solution and water. The dried, 
filtered solution was evaporated to leave 14.9 Gm. 
of dark syrup which could not be crystallized or 
distilled. 

2 - (Methylthio) - 4,6 - diaminopyrimidine. — The 
product has been described (7) but tlie preparation 
was modified. To a solution of 7.55 Gm. (0.05 
mole) of 2-tliio-4,6-diaminopyrimidine hemihydrate 
(8) in 50 cc. of N sodium hydroxide and 25 cc. of 
water was added, slowly with shaking, 7.1 Gm. 
(0.05 mole) of methyl iodide. After one hour, tlie 
mixture was acidified to pH 5 with acetic acid and 
the product removed. It was recrystaUized from 
hot water (Darco) and formed 4.95 Gm. (63%) of 
colorless needles, m. p. 185-186°. The reported 
(7) melting point is 185-186°. 

6- Amino-4- [2 ',3 ',4 '-tri-O-acetyl-5 '-deoxy- 5 '- (di- 
ethyl phosphonate)-D-ribosamino]-2-(methylthio)- 
P 3 rrimidine. — A solution of 17.5 Gm. (0.111 mole) of 
2-(metIiylthio)-4,6-diaminopjTimidine, 10.5 Gm. 
(0.028 mole) of aldehydo-2,3,4-tri-0-acetyl-5-deoxy- 
5-(diethyl phosphonate)-D-ribose and 0.4 Gm. of 
ammonium chloride in 360 cc. of boiling absolute 
ethanol was allowed to stand at 28° for eighteen 
hours. The solvent was removed in vacuo, and the 
product dissolved in 50 cc. of chloroform. The 
filtered solution was poured onto an alumina col- 
umn (1.5 X 25 cm.) and the column washed with fresh 
chloroform. The first 50-cc. fraction contained no 
product; tlie next 100 ce. was dark and gave a phos- 
phorus-containing gum upon evaporation in vacuo 
weighing 7.2 Gm. Further fractions gave pure start- 
ing pyrimidine, which, when combined with the 
chloroform-insoluble residue weighed 12.38 Gm.,‘so 
that 5.12 Gm. of the pyrimidine was consumed. 

6-Amino-4-[2 ',3 '-di-O-acetyl-S '-deoxy-S '-(diethyl 
phosphonate)-D - ribofuranosylamino] - S - (2",S"- 
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dichlorophenylazo) - 2 - (methyltluo)pyTunidine. — A 
solution of 4 2 Gin of crude 6 amino 4-[2',3'.4'-tn 
O acetjl 5' deoxy' 5'-(dietlijl pliosphonate) d nbos- 
ammo] 2 methylthiopyriraidine m 100 cc of 
methanol nhich had been saturated nith ammonia 
at 0°, nas allowed to stand for thirty-six hours at 
25° It was evaporated to dryness tn vacuo and 
left a resin w hich w as dissolved m 200 cc of pyridine 
The pyridine solution was poured into a stirred, 
ice cold neutral diazotized solution obtained from 
16 Gm of 2,5 dichloroanihne The mixture was 
stirred for two hours at 0°, diluted with 600 cc of 
water, cooled to 0°, and the product was filtered 
and dried (2 0 Gm ) The orange powder was sol- 
uble in ethyd acetate and pyridine It w as dissolved 
in 100 cc of pyTidine and chromatographed on 
alumina (column 1 5 n 40 cm ) Washing the col- 
umn with pyridine gave phosphorus free azopy 
nmidine while the ribostdic material remained ad- 
sorbed The column was extruded, dried, and 
stirred for eighteen hours with 200 cc of pyridine 
and 60 cc of acetic anhydride The excess anhy- 
dride was destroy'ed by adding ethanol to the cold 
solution and the mixture w as filtered The alumina 
was washed thoroughly' with hot ethxl acetate and 
the combined filtrate and washings were evaporated 
tn vacuo The residue, a dark glass which did not 
crystallize, was heated with ethanolic picnc acid 
and gave a picrate benzenate, yellow needles, m p 
164-165° (softening at 160°) after recrystallization 
from benzene Heating the product at 58° tn vacuo 
in an attempt to remove the benzene resulted in loss 
of picric acid 

^«al— Calcd foi CsoHuChNsOoP CsHe C, 
44 45, H, 4 15 Found C, 44 54, H, 3 45 

Attempts to diazotize 2,5 dichloroanihne accord- 
ing to Baddiley, ct al (9), resulted m an msoluble 
diazoaininobenzene derivative, a difficulty encoun- 
tered by Noelting and Kopp in earlier work (10) 
The procedure of these authors gave much better 
results \ hot, rapidlv stirred solution of 1 6 Gm 
of 2,5 dichloroanihne in 4 cc of concentrated sul- 
furic acid and 10 cc of w ater w as cooled rapidly and 
the fine crystal mass treated very slowly with a 
solution of 0 72 Gm of sodium nitrite m 15 ml of 
water at 5° The filtered yellow solution was 
treated w ith a little urea and neutralized to pH 0 w ith 
pyridine 

5,6-Diamino-4- [2',3'-di-0-acetyl-5'-deoxy-5'- 
(diethyl phosphonate)- D-nbofuranosylaimno) -2- 
(methyUhio)pynmidine — A suspension of 120 Gm 
of zinc dust and IS Gra of crude 6 ammo 4 f2'.3' 
di-0 acctvl 5'-deo\y -5'-(diethvl phosphonate) d 
nbofuranosy laminoi 5 (2‘',5'' dichlorophen\lazo)-2- 
(methy ltliio)pyninidine in 450 cc of refluxing ethvl 
acetate was stirred rapidly' while 60 cc of glacial 
acetic acid in 600 cc of ethvl acetate was added 
dropwise dming one hour The colorless mixture 
was filtered, the zinc washed three times with 200 
cc of boiling ethvl acetate, and the combined 
liquids were evaporated under nitrogen in tacuo 
The residue was washed with petroleum ether and 
ether, and an alumina column (2 2 x 35 cm ) w as 
prepared using ether The petroleum ether and 
ether wash liquids were passed through and then 
the residue dissolved in 50 ml of chlorofonn was 


poured on The column was developed with ether, 
chloroform-ether 1 1, 1% ethanol m chloroform, and 
ethanol The phosphorus containing matenal w as 
eluted by chlorofonn A portion was isolated as 
the yellow picrate by treatment with ethanolic picnc 
acid and recrystallization from benzene, m p 140° 
(decompn ) (rapid heating) 

9-[S'-Deoxy-S '-(diethyl phosphonate )-jS-D-nbo- 
furanosyl ) I -6-aimno-2-(methyIthio )purme. — ^An ice- 
cold solution of 3 Gm of chromatographed 5,6 
diammo-4 [2',3'-di-0-acetyl-5'-deoxy 5'-(diethy'l 
phosphonate) - d - nbofuranosylamino] - 2 - (methyl- 
thio)pynmidine in 100 cc of absolute alcohol was 
treated w ith sodium dithioformate prepared by sub 
stituting anhy drous, xylene dned sodium sulfide m 
the method of Levi (11) This salt (2 4 Gm ) was 
dissolved in 15 cc of alcohol and to it was added 
0 6 cc of acetic acid tn 15 cc of absolute alcohol 
The mixture was allow ed to stand for four hours at 
0°, treated with 12 Gm and 0 3 cc of the same 
reagents, and stored ov'ernight at 30° After re- 
fluxing for one hour and evaporation of the solvent 
in vacuo, the residue was dissolved in 100 cc of boil- 
ing ethyl acetate, filtered, ev'aporated tn tacuo, dis- 
solved in 30 ml of benzene, decanted from a small 
residue, and poured onto 30 Gm of alumina (column 
2 2 cm diameter) The column was washed with 
benzene until the washings were colorless, and the 
adsorbed dark band was eluted with 100 ml of pyn- 
dine Evaporation of the py'ndme gave 500 mg of 
a solid which was dissolved m 20 cc of absolute 
methanol and treated with 15 ml of N methanohe 
sodium methoxide solution It was refluxed for 
four hours and stored for twelve hours at 30° It 
was neutralized to pH 7 with glacial acetic acid and 
evaporated to a crystalline residue tn vacuo The 
residue was extracted with 100 cc of boiling chloro- 
form and the filtered extracts were ev'aporated in 
vacuo to leave a small amount of brown crvstalhno 
residue, soluble in hot water, alcohol, acetone, chloro- 
form, and benzene, and msoluble in cold water, pe- 
troleum ether, and ether It was washed with 
cold ether, and gave a poorly crystalline picrate 
Treatment of the residue with platinic chlonde in 
absolute ethanol gav'e the chloroplatinate as an 
amorphous powder which was washed with cold 
absolute alcohol, centrifuged, and freed of solvent 
by decantation and dry ing 
Anal— Calcd lor CisH-tWOePS V-H.PtCh 
2HaO C, 26 71, H. 4 33 Found C, 20 68, H, 
4 12 
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Studies on the Inhalation of Vapors from Radioactive 

Menthol and Camphor'^ 


By ROBERT L. BOGNER and THOMAS C. GRUBB 


Tritium “tagged” camphor and /-menthol were combined with other essential oils in 
a petrolatum base. Samples of bronchial air from dogs inhaling vapors of the 
“tagged” ointment in a closed system showed radioactivity after the second respira- 
tion. Air collected over an open container covered with the tagged ointment 
showed activity for a period of twelve hours’ duration. Samples of bronchial air 
collected after the ointment was placed on the dog’s chest showed activity up to 
twelve hours after a single application. 


' I •he inhalation of vapors from aromatic oils 
has been employed for centuries in the treat- 
ment of respiratory diseases. In recent years, 
volatile substances have also been inhaled for the 
treatment of sinusitis, bronchitis, asthma, laryn- 
gitis, etc , McClellan (1) and Currence (2). Since 
there is scant information available on the speed 
and duration of these inhaled vapors, it was 
decided to use radioactive campor and menthol 
as “tracers” for these determinations. 


EXPERIMENTAL 


Camphor and /-mentliol were separately irradiated 
with tritium by the method of Wilzbach (3) 
Specific activities of 45 5 me per Gm and C2 5 me 
per Gm , respectively, were obtained These 
materials were added to other volatile substances 
(oil of nutmeg, oil of cedarleaf, oil of eucalyptus, 
and thymol) in a petrolatum base, thus providing 
a specific activity in the final mi\turc of 4 3 me per 
10 Gm of ointment 

The dogs used in these evpcriments were prepared 
as follows; Under intravenous sodium pentobarbital 
anesthesia, the left chest wall was entered through 
the fourth intercostal space and a polyethylene 
tube was inserted into an opening made in the 
bronchus just below the bifurcation in two animals, 
and just below the second main division of the bron- 
chus in three other dogs The tubes ivere sewed 
into position so that the samples of bronchial air 
from each respiration could be collected outside of 
the chest wall 

In a typical experiment, 10 Gm of the radioactive 
ointment were spread over an area (8 cm x 10 cm ) 
inside of a four-liter glass bottle which was partially 
submerged in a water bath maintained at 35 ± 0 5° 
(skin temperature) The dog uas placed under 
pentobarbital anesthesia and its nose positioned into 
a mask connected to the bottle containing the tri- 
tiated ointment Suitable valves and tubing were 
provided so that at each inhalation, air was drawn 
over the ointment and into the dog’s respiratory 
traet, as shown in Fig. 1 Samples of expired air were 
colleeted by plaeing the tubing from the dog’s 
bronchus inside a small glass bottle filled with water 
and submerged in a shallow tray of water. About 
5 cc of air were eollected at each expiration Sepa- 


* Received June 10, 1958, from the Department of Biology 
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Chemical Co , Bloomfield, N. J. 



Fig 1 — This photograph shows the glass bottle 
containing the “tagged” ointment immersed in a 
water bath The vapors are inhaled through the 
mask over the dog's nose and the inhaled air is 
collected from the tube coming from the dog's 
chest The investigator is collecting the air samples 
under water 

rate sample bottles n ere filled m ith each e.xpiration 
The bottles were capped under water and taken to 
the counting laboratory, where the radioactivity 
of their contents was determined as follows: A two- 
liter counting chamber was evacuated to about 10 
ji and the sample allowed to expand into the counting 
chamber, which was then filled to atmospheric 
pressure with methane The counting chamber nas 
placed inside a ring of antieoincidence counters 
surrounded by a steel shield, 20 5 cm thick The 
sample was then counted on the plateau in the 
proportional counting region The normal back- 
ground count was GO c p m (counts per minute) 
Samples of the expired air were collected after the 
2nd, 4, 5, 6, 7, 10, 13, 15, and 19th respirations follow- 
ing the initial inhalation of the vapor-containing air 
Thus, air samples were obtained as early as four 
seconds and as late as eighty seconds after the 
initial inspiration of the “tagged” vapors 

The results indicated that irradiated vapors n ere 
detectable after the second respiration (five and eight 
seconds) in two of the dogs Samples from the other 
dogs contained “tagged” vapors after the 5th, 7th, 
and 10th respirations The specific activity' of these 
samples ranged from 100 net c p m. per cc of air 
after five seconds contact to 1,000 c. p. m. per cc. 
of air in the sample taken thirty-three seconds after 
the initial inhalation 

In order to determine the duration of therapeutic 
vapors released from the ointment application area, 
an tn vitro and an in vivo experiment were carried 
out as follows : 
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Fig. 2. — This photograph indicates the position 
of the dog’s nose in relation to the “tagged” oint- 
ment rubbed on his chest. Note the indwelling 
tube, coming from the intercostal space, to which a 
syringe is attached to collect the air sample. 

In the in vitro experiment, 10 Gm. of the "tagged” 
ointment having an activity of 11 me. per Gm., 
were spread over the bottom of a stainless steel pan 
(15 X 25 X 5 cm.) resting in a water bath maintained 
at 35 ± 0.5°. A glass funnel 5 cm. in diameter was 
inverted 2.5 cm above the surface of the ointment. 
At various time intervals, 25 cc. of air were drawn 


into a glass sjTinge connected to the stem of the 
funnel by a 5-cm. length of Tygon tubing These 
samples were assayed for tritium activity, according 
to the method described. Samples of air were 
taken after 1 minute, 30 minutes, and one, three, 
five, eight, and twelve hours, and the activity re- 
ported for each of these samples, respectively, was 
as follows: 3,880, 1,393, 750, 120, 93, 177, and 90 
net c. p m per cc. of air. 

In the in vivo experiment, a dog prepared with 
an indu-elling bronchial cannula just below the 
bifurcation, as described, was treated as follows; 
Following anesthesia of the animal with sodium 
pantobarbital, 10 Gm. of the radioactive ointment 
were spread over an area 7 5x 75 cm. on the shaved 
chest and covered with a light piece of gauze The 
dog’s nose was positioned 7 5 cm from the inuncted 
area as shown in Fig. 2. Samples of air were with- 
drawn by aspiration from the cannula into a 30-cc 
glass syringe at the rate of 5 cc per respiration until 
a 25-cc. sample was collected in the syringe. This 
experiment was conducted out-of-doors with a tem- 
perature of 21-27°, and the samples collected after 
eight and twelve hours’ e.xposure to the vapors were 
found to have a specific activity of 958 and 647 net 
c. p. m per cc of air, respectivel 5 '. 
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Catalytic Hydrogenation of Derivatives of 
a-Cy ano -/3- ( 1-naphthyl) acrylic Acid * 

By JAMES E. GEARIEN, MASUMI NAKAMICHI, and KENNETH J. LISKAf 


The ethyl ester and amide of a-aminomethyl- 
d-(l-naphthyl)propionic acid were prepared 
by the catalytic hydrogenation of the corre- 
sponding cyanonaphthylacrylic acid deriva- 
tive. These compounds may be regarded as 
analogs of lysergic acid derivatives. 

p\ERivATiVES of a aminomethyl-/?-(l-naph- 
•*-^lhyl) propionic acid (II) possess molecular 
structures that might be considered analogous to 
rings B, C, and D of the lysergic acid molecule 
(III) and, therefore, might possess the pharmaco- 
logical activity of the ergot alkaloids. The amide 
and ethyl ester of a-aminomethyl-/3-(l-naphthyl)- 
propionic acid were prepared by the catalytic 
hydrogenation of the amide and ethyl ester of 
a-cyano-(S-(l-naphthy!)acrylic acid (I). 

Ethyl a-cyano-;3'(Tnaphthyl)acryIatc has been 
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made by the condensation of the sodium salt of 
cyanoacetic acid with 1-naphthaldehyde to 
yield Ihe sodium salt of «-cyano-^-(I-naphthyl)- 
acryhc acid which was then esterified (1). A 
single step svnthesis, reported by Fulton and 
Robinson (2), utilized the condensation of ethyl 
cyanoacetate with 1-naphthaldehyde. By using 
morplioline as the catalyst instead of the recom- 
mended piperidine and by removing the water as 
it is formed during the reaction, the yield of 
ethyl a-cyano-(8-(l-naphthyl)acrylate was in- 
creased from 4S to 75 per cent of the theoretical. 

The previously unreported o-cyano-(9-(l-naph- 
thyl)acrylamide was synthesized hr- the con- 
densation of cyanoacctamide with 1-naphthaIde- 
hyde. Maximum yields were obtained when 
morpholine was used as the catalyst and when the 
reaction was carried out without a solvent. 

Hydrogenations of the ester and amide of 
a-cyano-/J'(I-napht!iyI)acryIic acid were carried 
out at room temperature and !o\y pressures using 
W-1 Raney nickel as the catalyst. These 
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reactions were successful only when a large 
ratio of catalyst to hydrogen acceptor was ein- 
ploved and when ammonia was added to the 
hydrogenation mixture to reduce the formation 
of secondary amines (3, 4) Successful hydro- 
genation of a:-cyano-d-(l-naphth 3 d)acrylamide 
was possible only when the weight ratio of cat- 
alyst to hydrogen acceptor was as great as two 
to one. Under these conditions and in the pres- 
ence of small amounts of ammonia, crude yields 
were as high as 77 per cent of the theoretical, 
but the removal of impurities resulted in the loss 
of considerable amounts of the product Hydro- 
genation of ethyl a-cyano d-(l-naphthyl)acrv 
late proceeded smoothly with a one to one ratio 
of catatyst to hydrogen acceptor to give a 51 
per cent yield of the expected product. Without 
the addition of ammonia, the )-ield was onlj' half 
of that reported. The amount of ammonia, 
however, could not be further increased without 
reducing the yield of desired jiroduct due to 
ammonolysis 

The ultraviolet absorption curves of the two 
Q!-aminomethyl-j3-(l-naphthvl)propionic acid de- 
rivatives in 95 per cent ethanol exhibited three 
maxima in the region 270-295 m^, indicative of 
an intact naphthalene sj'stem with no exocyclic 
conjugation (5) 

In a preliminary pharmacological screening, 
the compounds did not exhibit pharmacological 
activity.' 

EXPERIMENTAL^ 

Ethyl a-Cyano-|3-(l-naphthyl)acrylate. — A mix- 
ture of 15 6 Gm (0 1 mole) 1-naphthaldehyde, 113 
Gm (0 1 mole) ethyl cyanoacetate, one ml of mor- 
pholine. and 75 ml of dry benzene was heated at 
reflux temperature in a Dean-Stark moisture deter- 
mination apparatus until the water collected came 
to a constant volume After the benzene was 
removed by distillation under reduced pressure, the 
residual oil solidified on cooling The solid was 
recrystallized from 80 ml. of boiling ethanol using 
charcoal for decolorization. This gave 18 5 Gm 

> The authors are indebted to Abbott Laboratories for sub- 
jecting the compounds to their pharmacological screening 
procedures 

r Melting points are not corrected Analyses were per 
formed by Weller and Strauss Analytical Laboratories, Ox- 
ford. England 


(74%) of yellow needles, m p 81 5-82° Hopkins 
and Chisholm (1) reported 81-82°. 

a-Cyano-fl-( l-naphthyl)acrylamide. — A mixture 
of 15 6 Gm (0 1 mole) of 1-naphthaldehj'de and 8 4 
Gm (0 1 mole) of cyanoacetamide was heated on 
the steam bath for five minutes Morpholine (1 ml ) 
was quickly added, the reaction flask was fitted with 
a refluic condenser and agitated briskly Heating 
was resumed and in a few minutes the contents of 
the flask solidified After an additional ten min- 
utes of heating, the flask was cooled to room tem- 
perature, its contents ground up in a mortar, and 
the solids treated with 20 ml of ethanol to remove 
most of the color One recrj'stallization from a large 
x’olume of ethanol then gave 16 6 Gm (74%) of 
crcam-colored needles, m p 194-195° After a 
second recrystallization from absolute ethanol- 
acetone (1 1), the analyticallj’ pure sample melted 
at 195 5-196°X max (95% ethanol): 257, 330 
(broad) mp 

/Imc/— C alcd forCuH.oNsO: N, 12 61 Found: 
N, 12 66 

Ethyl cr-Aininomethyl-|8-( 1-naphthyl )propionate. 
— A 10 l-Gm (0 04 mole) sample of finely powdered 
ethyl (»-cyano-/3-(l-naphthyl)acrylate was sus- 
pended m 210 ml of absolute ethanol To this sus- 
pension was added 116 Gm of freshly prepared W-1 
Raney nickel (6) and 10 4 ml of ethanolic ammonia 
solution containing 1 4 Gm (0 08 mole) of ammonia 
The mixture was hydrogenated for three and one- 
half hours at an initial pressure of 46 p s i The 
contents of tlie pressure bottle were filtered free of 
catalyst, and the filtrate evaporated A light yellow 
oil remained It was distilled under reduced pres- 
sure, b p 132-138° (0 11 mm ) The yield of pale 
yellow oil was 5 2 Gm (51%) X max (95% 
ethanol)- 272 5, 282 5, 291 ma 

A7ial — Calcd for CujHisNO. C, 74 68; H, 7.44; 
N, 5 44 Found: C, 74 77; H, 7 46; N, 5 25. 

a - Aininomethyl - 1-naphthyl )proplonamide. — 
To a .suspension of a-cyano-^-( 1-naphthyl )acrjd- 
amide (4 4 Gm . 0 02 mole) in 220 ml of absolute 
ethanol was added 8 0 Gm of W-1 Ranej’ nickel 
and 18 6 ml of an ethanolic ammonia solution which 
contained 3 4 Gm (0 02 mole) of ammonia The 
reactants were shaken under an initial hydrogen 
pressure of 46 p s i for four hours After the cata- 
lyst xx'as removed, the solx’ent xvas evaporated, and 
the residue, which had solidified to a hard mass 
when cooled to room temperature, was broken up 
and triturated with 15 ml of anhydrous ether. A 
tan powder resulted (3 52 Gm , crude yield) which 
was reerystallized from a small volume of chloro- 
form to give 1 9 Gm (42%) of white crystals, m p 
157-158°. For analysis, the compound was further 
purified by suspending the 1 9 Gm. in 25 ml of 
water, adding 25 ml of concentrated hydrochloric 
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acid, filtering the solution, and then making alkaline 
with 20% sodium hydroxide solution The white 
masses so obtained were again recrystallized from 
chloroform, m p 157-158 ° 

Anal — Calcd for CuHieNsO: C. 73 65, H, 7 07; 
N, 12 27 Found; C, 73 41; H, 7 22, N, 12 12 
The hydrochloride salt of a-ammomethyl-;3- 
(l-naphthyl)propionamide was prepared by dis- 
solving the compound m a small volume of absolute 
ethanol and adding an excess of anhj^drous ether 
saturated with hydrogen chloride gas The hj’^dro- 
chloride ivas recrystallized by dissolving it in the 
smallest possible volume of absolute ethanol, chill- 
ing the solution, and adding an excess of anhydrous 
ether White crystals which melted at 243-244° 
were obtained 

dna/— Calcd for CuHnClN.O- N, 10 58; 

Cl, 13 39. Found. N, 10.78; Cl, 13 29 

SUMMARY 

1. The ethyl ester and the amide of a-amino- 


melhyl-|8-{l -naphthyl) propionic acid have been 
prepared as potential oxytocic agents. 

2 The intermediates ethyl a:-cyano-/3-(l-naph- 
thyl)acrylate and a-cyano-(S-(l-naphthx'l)acryl- 
amide have been prepared the former by a new 
procedure. 

3 When subjected to pharmacological screen- 
ing, the compounds failed to exhibit significant 
activity. 
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The Influence of Gibberellic Acid on the Growth and 
Alkaloid Biogenesis in Datura stramonium Linne 
and in Atropa belladonna Linne* 

By GORDON M. SMITH and LEO A. SCIUCHETTI 

Gibberellic acid in concentrations of 100 and 1,000 p. p. m. was administered as 
an aqueous spray to the leaves and tops of Datura stramonium and Atropa belladonna. 
Characteristic effects on the growth of the treated plants are described. Significant 
increases in plant height were demonstrated. The fifty-four-day-old stramonium 
plants were harvested four weeks after the first treatment. Fresh and dry weight 
data indicated increases in total, leaves and tops, and stem weights, but decreased 
root weight. The twelve- week-old belladonna plants were harvested seven weeks 
following treatment. Appreciable decreases in leaves and tops and root dry weights 
were noted. However, this was accompanied by significant increases in stem 
weight. Stramonium plants receiving both a single and double spray treatment 
with each concentration of gibberellic acid showed decreases in the concentration of 
total alkaloids in the leaves and tops and in the stems. Increased alkaloid produc- 
tion was observed in the roots. The favorable effects on growth from the two- 
spray treatment of 100 p. p. ro. of gibberellic acid resulted in significant increases 
in total alkaloid production. Significant decreases in the concentration of alka- 
loids in the plant organs of belladonna were noted. Further, the total alkaloid con- 
tent of belladonna treated with gibberellic acid was about one-haif that of the un- 
treated plants. 


UMEROUS PAPERS have recently appeared 
reporting the various effeets of gibberellic 
acid or the gibberellins on plant growth (1-7) 
Further, specific effects have been demonstrated 
in members of tbc Solanaceac. For example, 
Lang (8) has shown gibberellic acid effectively 
substitutes for the cold requirement of biennial 
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Hyoscyamus Also, evddence has been presented 
to indicate that an increase in cell division re- 
sulted from the application of gibberellins to 
biennial Hyoscyamus iitger (9). However, the 
available literature has not indicated that any 
studies have been performed on the effect of this 
growth-inducing chemical on alkaloid biogenesis 
in the Solanaceac The purpose of this study was 
to investigate, under controlled greenhouse con- 
ditions, the influence of gibberellic acid on the 
growth and alkaloid biogenesis in Datura slra- 
momiim. It was further decided to e.\tend this 
line of investigation to a closely related plant, 
Atropa bclladonyia. 'With the latter it was decided 
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to cliange the frequency of application of gib- 
berellic acid and the environmental conditions of 
growth, viz., growing the plants under field con- 
ditions. 

EXPERIMENTAL 

Procedure . — Datura stramotiiutii plants used in 
this study were grown under carefully controlled 
greenhouse conditions Seeds were germinated in 
culture flats containing soil composed of equal 
parts of sand, peat moss, and sterilized soil Si.xt}’- 
two sixtcen-day-old seedlings were transplanted into 
2 X 2-inch paper bands in flats containing soil com- 
posed of two parts sandy loam and one part peat 
moss. On July 15, 1957, the twenty-two-day-old 
seedlings which had attained a height of approxi- 
mately 5.5 cm. were transplanted into individual 
clay pots (8x8 inches) On July 19, 1957, 60 of the 
potted plants were selected for this study and divided 
into three groups of 20 plants each. The first group 
constituted the control or untreated plants; the 
second were those treated with 100 p p. m. of gib- 
berellic acid (G. A ) ;' and the third were those 
treated witli 1,000 p. p. m of G A Freshly pre- 
pared aqueous solutions of G A. were administered 
in the form of a spray to the leaves and tops of the 
treated plants. At tlie start of the third week, half 
of the plants in each of the treated groups received 
a second spray treatment with the aforementioned 
concentrations of G. A. The fifty-four-day-old 
plants were harvested four weeks after the first 
treatment. 

The belladonna seeds were germinated in a manner 
similar to that for stramonium. On July 15, 1957, 
100 two-week-old seedlings were transplanted into 
2 X 2-inch paper bands in flats containing soil com- 
posed of two parts of sandy loam and one part of 
peat moss. On July 19, 1957, 84 of the banded 
plants were selected for this investigation and 
divided into three groups of 28 plants each. The 
plan for treating each group was similar to that for 
stramonium. The first treatment ivas adminis- 
tered to groups 2 and 3 at this time. 

Ten days later the treated plants were given a 
second application of G. A. At this time the plants 
were transplanted into a prepared plot of ground in 
the drug garden north of the pharmacy building. 
The area chosen for this studj- was at the perimeter 
of a plot of ground in which digitalis plants had been 
planted. The light intensity in this area varied 
considerably due to the shade from the building 
and surrounding trees. The belladonna plants 
were spaced 2 feet apart in double rows Each hill 
into which the belladonna was transplanted was 
fertilized by thoroughl}' working into the soil 15 
Gm. of lime (calcium carbonate) and 20 Gm. of 
complete organic fertilizer.^ Previous analysis of 
soil samples from this plot indicated that fertiliza- 
tion was desirable. 

A third treatment with G. A. was given ten days 
later to the plants in groups 2 and 3. Ten plants 
were picked at random from each group and were 


1 The gibberellic acid used in this study was supplied 
through the courtesy of Dr Curt Leben, Eli Lilly fe Co , 
Indianapolis, Ind. 

2 Organic Morcrop, Chas Lilly Co., Seattle, Wash. 
(Analysis — 5% of total nitrogen, 3% available phosphate, 
2% available potash.) 


harvested. This was seven weeks after the final 
treatment. The remaining plants were allowed to 
remain for further study. 

During the harvest period each species was 
divided into three portions; leaves (with flowering 
and fruiting tops), stems, and roots. Fresh weights 
were promptly taken of each individual portion and 
the fresh material was immediately transferred to a 
hot-air circulating drier. The leaves and root 
portions were dried at a temperature of 48.5° for 
thirty hours while the stems were dried forty hours 
Upon removal from the drier the plant parts were 
placed in a desiccator, allowed to attain room 
temperature, and then weighed. The portions 
were placed in airtight metal containers until 
subsequent pulverization into a No. 40 powder in a 
Wiley mill. The powdered material was then 
stored in airtight colored-glass containers until 
subsequent analyses for alkaloids were performed. 

Growth Effects in Stramonium. — The plants nere 
carefully observed daily for specific growth effects 
during the four-week treatment period. The height 
of each plant was taken at approximately tlie same 
time each day and was determined by measuring 
the distance in em. from the base of the stem to the 
active growing tip of tlie plant. In general, after 
two weeks, the plants treated with G. A. demon- 
strated the following differences compared with the 
controls; increased height due primarily to in- 
creased stem elongation; leaves which were longer, 
thinner and slightly chlorotic; less succulent growth; 
increased rate of flowering and plant maturity. 
Similar effects have previously been reported in 
other plants (1-6, 11). At the end of the fourth 
week the plants receiving a two-spray treatment 
demonstrated the “gibberellin” effects previously 
indicated, but to a greater e.xtent (Fig. 1). How- 
ever, at this lime, the plants receiving only one 
treatment with G. A. appeared to resemble more 
closely controls in growth characteristics with the 
exception that the leaves remained slightly chlorotic. 
It was further observed that plants treated irith 
G. A. were more prone to insect attacks. This 
occurred in spite of the fact that all plants were 



C — control. 
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dusted twice weekly with Maladtisto 4D’ (4% 
inalathion dust). 

The most characteristic effect induced in stra- 
monium by the treatment with G. A. was increased 
stem elongation due mainly to an increase in lengtli 
between the internodes of the stem (Fig. 1). This 
resulted in considerable increases in the height of 
the treated plants (Fig. 2). Compared with the 
controls, the plants treated with both concentra- 
tions of G. A. displayed increases in height of about 
45% at the first week and approximately 36% at 
the second week. The group treated with a single 
spray of 100 p. p. m. of G. A. indicated increases 
in height of approximately 25% and 12% at the 
third and fourth weeks, respectively. Correspond- 
ingly, the plants treated ivith the higher concentra- 
tion of G. A. (1,000 p. p. m.) showed increases of 
26% and 13%, respectively. Significant increases 
in height were induced in those plants receiving 
a second spray of G. A. For example, at the lower 
concentration tlie increases were 56% and 35% at 
the third and fourth weeks, while at the higher 
concentration the corresponding increases were 61% 
and 49% (Fig. 2). 

Growth Effects in Belladonna. — The belladonna 
plants treated with G. A. were somewhat taller 
than die controls at the time of transplantation (ten 



Fig. 2. — Increase in height of Datura stramonmm 
by treatment with gibbcrcllic acid. 

* Manufactured hy Miller Products Co , Portland, Ore 


days after the first treatment). After the second 
treatment the treated plants grew more rapidly 
than the controls Further, at this time it was 
observed that the plants treated with G. A. were 
more prone to insect attacks than the untreated, 
even tliough all plants in the drug garden were 
dusted twice weekly with 4% raalathion. This 
characteristic was noted thereafter throughout the 
growth period. The growth effect from G. A. was 
much more pronounced after the third treatment. 
This was characterized by an immense elongation 
between the stem intemodes and the formation of 
numerous lateral shoots at the intemodes. Gray 
(6) has reported a similar effect in bean plants. 
The plants were much more spindly than the un- 
treated and did not appear as healthy. From the 
fourth week following treatment until the plants 
were harvested the following growth characteristics 
were observed in the treated plants: tliey were 
spindly and vine-like; the leaves were slightly 
chlorotic, narrower, thinner, and less succulent; 
some of the younger leaves were crinkled and ap- 
peared to be blistered; the plants were taller; the 
onset of flowering was more rapid; and, in general, 
they did not appear as healtliy as the controls (Fig. 
3). In general, many of the gibberellin effects were 
similar to those displayed in Datura stramonium. 
Also Gray (6) has reported that the leaves of pepper 
plants became rough instead of smooth and tobacco 
leaf blades became more elongated, following a 
spray treatment with G. A. 



Fig. 3. — Growth effects in Atropa belladonna 
seven weeks after treatment with gibberellic acid. 
A — 1,000 p. p. m., B = 100 p. p. m., C = control. 


The most pronounced effect induced by the G. A 
was increased stem elongation due primarily to an 
increase in the lengtli between the intemodes of 
the stems (Fig. 3). Significant increases in the 
height of the treated plants were observed from 
measurements taken at the fourth, sLxlh, and seventh 
week following the last treatment (Fig. 4). The 
plants treated with 100 p. p. m. of G. A. attained 
a height of approximate!}- 312%, 224%, and 191% 
of the controls at the fourtli, sixtli, and seventli 
week, respectively. The corresponding figures for 
the plants treated with 1,000 p. p. m. of G. A. were 
370%, 2717c, and 241%) (Fig. 4). The plants 
treated with the higher concentration of G. A. 
displayed the greatest increases. Phinney (2) has 
reported that tlie degree of response from gibberellin 
in com seedlings w.as related to dosage, and Alartli, 
ct at. (4), have shoivn tliat many plants were 50- 
300% taller witliin three to four weeks following 
treatment witli G. A. 

Correlation with Fresh and Dry Weight Data. — In 
stramonium, significant increases in total weight 
were demonstrated from all the treatments, ranging 
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4 6 7 

WEEKS AFTER TREATMENT 


Fig 4 — Height oiAtropa halladonna after treatment 
M ith gibberelhc acid 

from 120 5 to 159 7% of the controls (Table I) 
The plants receiving two treatments of 100 ppm 
of G A displayed the largest increase (50 0%) in 
the leaf and top weights, while those receiving two 
sprays at the higher concentration displajed the 
smallest increase (14 1%) Significant increases 
in stein dry weights were shown from all the treat- 
ments The stramonium plants treated with two 
sprays of G A demonstrated the largest increases 
The largest increase (91 3%) was shown with the 
lower concentration of G A (Table I) On the 
other hand, the group receiving two treatments 
of the higher coneentration indicated the greatest 
stem growth when leaf/stem ratios were employed 
Decreases in root dry weights were demonstrated 
from all the treatments The largest deercase 
(31%) was indicated by' the plants receiving two 
treatments of the higher concentration The in 
hibition of root growth by the G A was further 
demonstrated when comparing shoot/root ratios 
which were calculated from dry weight data 

With belladonna, significant decreases in leaves 
and tops and root dry weights were indicated from 
both treatments (Table II) The decreases were 
greater m the plants treated with the lower concen- 
tration of G A However, this was accompanied 
by significant increases in stem dry weights The 
greatest increase was displayed by plants treated 
with the higher concentration of G A No signifi- 
cant changes in total dry weights were indicated 
The leaf/stem ratio for the control group was 5 09 
and that for the plants treated with the lower and 
higher concentrations of G A were I 66 and 1 53 
This further demonstrates the profound effect that 
G A had on stem growth Inhibition of root 
growth was further indicated from the G A since 
the shoot/root ratios for both treatments were 
greater than the controls 

In both plants, when the dry weights of the 
shoot organs were divided by their fresh weights, 
the controls indicated the greatest loss of moisture 
This confirms the observations made dunng the 
growth period that control shoots appeared more 
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Table II. — Weights of Belladonna Plant Parts (Av./Plant/Group) 









n tj 




Con- 

Con- 


^ cm^ 

Con- 



Con- 



trol 



trol 



trol 



trol 



Dry 

Fresh, 

Dry, 

Drj’ 

Fresh, 

Dry, 

Dry 

Fresh, 

Dry, 

Drj’ 

Treatment 

Geo Gm 

Wt , % 

Gm 

Gm 

Wt,% 

Gm 

Gm 

wt , % 

Gm 

Gm 

Wt . % 

Control 

52 86 4 90 


38 77 

3 31 


7 49 

0 65 


6 60 

0 94 


100 p. p m. 

40 81 4.45 

90 8 

23 84 

2 39 

72 2 

12 22 

1 44 

321 5 

4 75 

0 62 

66 0 

G. A 

1,000 p. p. m. 

46.23 4 96 

101 2 

25 36 

2 59 

78 3 

14 98 

1 69 

260 0 

4 89 

0 6b 

72 3 

G. A. 













succulent. This suggests that more carbohydrates 
and/or proteins may have accumulated in the shoot 
organs of the treated plants. 

Analysis for Alkaloids. — The dried plant parts, 
using pooled samples, were assayed for total alka- 
loids according to the Witt-Youngken method (10). 
substituting chloroform for benzene as the im- 
miscible solvent. In stramonium, considerable de- 
creases in the percentage of total alkaloids (ex- 
pressed as scopolamine) were generally indicated 
in the leaves and tops and in the stems, while in- 
creases were shown in the root organs. The con- 
centration of alkaloids in the leaves and tops de- 
creased 30.3 and 27.4%, respectively, for plants 
receiving the single spray treatment of the higher 
and lower concentrations of G. A. These decreases 
were considered significant. Significant decreases, 
ranging from 21.7 to 48.3%. were found in the 
accumulation of alkaloids in the stems. The great- 
est decrease was exhibited by the group treated 
with a single spray of 100 p. p. m, of G. A. Con- 
siderable increases in total alkaloid production in 
the roots were shown from the treatments. The 
increases due to the two-spraj' treatments ranged 
from 41.7 to 60% and were considered significant. 
The group receiving a two-spray treatment of 100 
p. p. m. of G. A. displayed the highest concentra- 
tion of alkaloids in the roots, vh. 150% of the con- 
trols. 


In belladonna, decreases in the concentration of 
alkaloids of all the organs were demonstrated from 
both treatments. For example, belladonna treated 
with 100 p. p, m. of G. A. contained approximately 
57, 53, and 84% of the total alkaloids of the controls 
in the leaves and tops, stems, and roots, respectively. 
The corresponding figures for the plants treated 
with 1,000 p. p. m. of G. A. were about 55, 43, and 
77%. 

Total Plant Alkaloids. — It was further desired to 
make comparisons based on the total alkaloids per 
plant and per plant organ. The total alkaloids 
(calculated as scopolamine) were obtained by multi- 
plying the dry weight of the plant organ by the 
per cent of alkaloids obtained from the alkaloid 
analyses and expressing the results in milligrams 
(Table III). The most favorable response on total 
alkaloid production in stramonium was induced by 
the two-spray treatment with 100 p. p. m. of G. A. 
This treatment caused a decrease in the concentra- 
tion of alkaloids in the shoot organs. However, the 
favorable response on growth resulted in a 46% 
increase in total plant alkaloids. 

Significant decreases in total alkaloids (calculated 
as hyoscyamine) were found in the belladonna plant, 
leaves and tops, and roots, whereas increases were 
observed in the stems (Table IV). In general, the 
total alkaloid content of the treated plants was 
about one-half that of the controls. 


Table III. — Total Alkaloid Content of Datura stramonium'' 


Treatment 

Control 

100 p. p. m. G. A., 
One spray 
100 p. p. m. G. A., 
Two sprays 
1 ,000 p p. m. G. A., 
One spray 

1,000 p. p. m. G. A., 
Two sprays 


, Per 

Alka- 

Plant * 

Con- 

^Leaves a 
Alka- 

nd Tops^ 
Con- 

Sle 

Alka- 

ras ' 

Con- 

Alk^ 

Roots V 

Con 

loids, 

trol. 

loids, 

trol, 

loids, 

trol, 

loids, 

trol, 

mg 

% 

mg 

% 

rag. 

% 

me. 

% 

9 91 
8 52 

86 0 

6 83 

6 40 

93 7 

2 SO 

1 86 

66 4 

0 28 
0 26 

929 

14 46 

146 0 

9 86 

144 5 

4 20 

150 0 

0 40 

142 9 

8 70 

87 8 

6 22 

91 1 

2 22 

79 3 

0 26 

92 9 

10 75 

108 G 

G 78 

99 3 

3 70 

132 1 

0 27 

96.4 


° Alkaloid content for plant parts calculated from drj' wt and alkaloid analysis data, total plant alkaloid *= lea\es and 
tops 4- stems + roots All data \%erc based on av /plant/group 


Table IV. — Total Alkaloid Content or Belladonna" 



. — Per Plant — . 

— Leaves and Tops—. 

, 

Roots — 


Alka 

Con- 

Alka- 

Con- 

Alka- 

Con- 

Alka- 



IoId«;, 

trol. 

loids. 

trol. 

loids. 

trol. 



Treatment 

mg 

G. 

mg 

% 

mg 

G. 

mg. 

C* 

Control 

19 05 


12 25 


2 76 


4 04 


100 p p. m. G A 

10 29 

54 0 

4 59 

37 5 

S 2.5 

117 S 

2 45 

00.6 

1 ,000 p p 111. G A 

10 05 

52 8 

4 88 

39 8 

3 11 

112 7 

2 00 

51.0 


« Alkaloid content for plint parts calculated from drj' wt and alkaloid anah sis data, total plant alkaloid = leaves and 
tops d* Stems d- roots Ba^cd on a\ /planl/group 
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DISCUSSION 

Characteristic responses were induced in Datura 
stramonium and Atropa belladonna by the spray 
treatments with G. A. Sonic of these responses 
have been reported in Hyoscyamus niger (8), pepper, 
tomato, and tobacco (6), and in various other plants 
(11). The most profound effect was tlie increased 
height of the treated plants due to increased stem 
elongation. Belladonna responded to this gibbercl- 
lin effect to a greater extent than did stramonium. 
Further, it was observed tliat plants treated with 
G. A. were more prone to insect attack and did not 
appear as healthy and sturdy as the untreated 
plants. With belladonna, tlie treated plants re- 
quired more labor in tying the plants to stakes in 
order to keep them upright. This was necessary 
because of the greatly increased number of axillary 
shoots and the vine-like and spreading-type of 
plant growth. These factors would present serious 
obstacles to the commercial cultivation of bella- 
donna. 

Different results between the two species regard- 
ing dry weights were induced by the treatments. 
In stramonium, significant increases in shoot dry 
weights were generally observed, accompanied by 
decreases in root dry weights. In belladonna, 
significant reductions in the dry weights of the leaves 
and tops and the roots were offset by significant in- 
creases in the dry weights of the stems. This re- 
sulted in slight but insignificant changes in the total 
dry weight of the treated plants. Inhibition of root 
growth was demonstrated for both species as indi- 
cated by reduced weights and increased shoot/root 
ratios. In the case of belladonna, this factor accom- 
panied bj' no significant increase in total dry weight 
poses a serious limitation for the practical use of 
G. A. under conditions similar to this experiment. 

Of more importance from a commercial aspect was 
the profound effect that G. A. had on alkaloid 
formation and accumulation in the plants. It was 
found in stramonium that a two-spray treatment 
with 100 p. p. m. of G. A. resulted in a 46% increase 
in total plant alkaloids. Increasing the concentra- 
tion of G. A. was less beneficial, while the one-spray 
treatment of both concentrations proved to be un- 
favorable. On the other hand, treated belladonna 
plants contained about one-half the total amount 
of alkaloids as did tlie controls. These inconsist- 
encies could be attributed to generic differences. 
However, it would appear that an optimum condi- 
tion involving concentration and frequency of 
application is necessary for maximum beneficial 
effects. This optimum condition is now being 
investigated. Further, observations made during 
the growth of both species and from a study of the 
data suggest that changes in the carbohydrate and/ 
or protein metabolism were induced by G. A. 
Research is now being directed toward a study of 
this possibility. 


It was noted generally that in both species the 
concentration of G. A. was not critical to certain 
effects There were some differences due to the 
strength of G. A. employed on increased height, fresh 
and dry weights, alkaloid concentration, and total 
alkaloid content. However, these differences were 
not considered significant. The unfavorable effect 
of G. A. on the alkaloid production in belladonna 
indicates that the concentrations of G. A. employed 
in this study were toxic. It is altogether possible 
that favorable responses in both growth and alkaloid 
production may have been induced with lower 
concentrations of G. A. 

From this study the following similarities were ob- 
served in both species: the treated plants indicated 
significant increases in stem growth and inhibition 
of root growth ; the treated plants appeared to lack 
natural resistance to insect attack; and, the shoots 
of the treated plants were shown (by observation 
and other data) to be less succulent than untreated 
plants. On the otlier hand, some differences were 
noted between the two species. The increases in 
height and stem growth were much greater in bella- 
donna and the decreases in the alkaloid content of 
this species were greater. It should be pointed out 
that botli plants were treated with similar concentra- 
tions of G. A. by spraying onto tlie leaves and tops. 
On tlie other hand, the following factors were dif- 
ferent; the environmental conditions, the frequency 
of treatments, and time interval between the follow- 
ing treatments, the age of the plants. Of these 
factors, it would appear that the number of treat- 
ments and the time interval between and following 
treatments would be important considerations. 
The observations that the treated plants had de- 
creased resistance to insects, were less succulent, and 
had less root growth suggest the possibility that 
essential nutrients required for normal plant 
metabolism and growtli were being used for the 
increased stem growth. The decreased alkaloid 
content of Atropa belladonna and, in some cases, of 
Datura stramonium, furtlier suggests tliat some of 
the nitrogenous material normally used for the 
biosynthesis of alkaloids was diverted toward in- 
creased stem growtli and otlier metabolic pathways. 

REFERENCES 

(1) Lona, F., Ateneo parmense, 27, G41(195G). 

(2) Phinney, E. O., Proc. Natl. Acad. Sci. U. S., 42, 185 
(1956). 

(3) Lockhart. J. A., ibid., 42, 841(1956). 

(4) Marth, P. C., Audiam, W. V,, and Mitchell, J, W., 
U. S. Dept. Agr. Hort. Crops Research Branch Information 
Sheet No. 6, 1956. 

(5) Liverman, J. L., and Johnson, S. P., Science, 125, 
1086(1957). 

(6) Gray, R. A., Am. J. Botany, 44, 674(1957). 

(7) Greulsch, V,, and Haesloop, J. G., Science, 127, 646 
(1958). 

(8) Lang, A., Nafurwtssenschaflen, 43, 257, 284(1956).^ 

(9) Sachs, R. M., and Lang, A., Science, 125, 1144(1957). 

(10) Witt, J. A., Jirawongse, V., and Youngken, H. W., 
Jr., This Journal, 42, 63(1953). 

(11) Stowe, B. B., and Yamaki, T., Ann. Rev. Plant 
Physiol,, 8, 181(1957). 



Antibacterial Activity of the Heartwood of 
Haematoxylon hraziletto* 

By ROBERTSON PRATT and YOKO YUZURIHA 

Aqueous extracts of the heartwood of the Mexican plant, Haematoxylon braziletto, 
contain a substance which, in appropriate concentrations, is bactericidal for Sal- 
monella typhosa and Micrococcus pyogenes var. aureus and is bacteriostatic for Escheri- 
chia coli. The active principle has not been unequivocally identified but it is sug- 
gested that the antibacterial action is due to the pigment, braziiein, or to its precursor, 
brazilin, or to some derivative (s) of these. Neither the unpigmented sapwood nor 
the bark of the plant contains the active principle. Hematoxylin, which is derived 
from the heartwood of the related plant, H. campechianum, and which contains pig- 
ments that are closely related chemically to those of H. braziletto, has similar anti- 
bacterial activity in similar concentrations. 


* i 'he history of pharmacy and medicine is 
replete with the wisdom as well as the folly 
of folklore, and a number of our most respectable 
drugs can be traced to verj' earl}' beginnings in 
the empirical treatment of infectious, functional, 
or mental illnesses. Antibiotics, hormones, and 
tranquilizers are but three examples of classes of 
recently rediscovered drugs which, in the form of 
crude preparations, have been used therapeuti- 
cally for centuries. 

Therefore, our curiosity was aroused by receipt 
of a letter referring to Haematoxylon braziletto 
as follows:* 

“. . . While doing field work in the Gulf of Cali- 
fornia and later on the mainland of Sonora, 1 found 
tlie people there using this plant for medicinal pur- 
poses. A sliver of wood dropped into a glass of 
water very quickly produces a pink solution strongly 
resembling permanganate of potash. The potion 
is then drunk as a remedy for "whatever ails you.” 
I also found them placing this wood in drinking 
troughs of their chickens and, in some districts, in 
the water of the rural schools. 

"... My question is, then, have the natives em- 
ployed a drug for medicinal purposes where we have 
remained unaware of such value and used it merely 
in microtechnics?” 

H. braziletto is limited in distribution to Lower 
California and adjacent states on the mainland 
of Mexico tvhere, according to Gentry (1), it is 
common on mesas and arid hilltop slopes at 
elevations from SOO to 2,500 feet in Sonora and 
Chihuahua. At lower elevations it attains the 
size of a small tree but at higher levels (about 
1,800 feet) it forms “low dense, hemispherical 
shrubs" occasionally so dense as to fonn "impene- 
trable thickets.” The local names, brazilwood 
tree and brazil bloodwood tree, refer to the deep- 
red heartwood which Gentry notes is used to 
prepare a “light-red dye or ink” and also in 
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fashioning rosarj' crosses. Martinez (2) adds 
the information that a decoction of the wood is 
used for “washing teeth.” The native Indians 
call the plant “huchachago. ” 

The local name, “palo de brazil,” apparently 
has no geographic connotation concerning source, 
but rather is said to be derived from the w'ord 
“braza,” signifying “glowing like fire." Thus, 
the same common name is applied to a number of 
soluble-pigment-bearing red woods produced b)- 
different species of leguminous trees that grow in 
the East Indies, South and Central America, and 
Africa (3). Therefore, the plant is not to be 
confused with its relatives, Caesalpinia echinata, 
the brazilwood commonly found in the literature, 
or C. brasilensis and C. crista, the sources of 
brasiletto (4), However, all four plants arc 
closely related botanically and chemically to 
each other and to Haematoxylon campechianum, 
the source of logivood and of the stain hematoxy- 
lin. 

The red heartwood of H. braziletto, C. echinata, 
and C. brasilensis contains the water-soluble sub- 
stance, brazilin (1) which upon mild alkaline 
oxidation or exposure to air yields the pigment 
red braziiein (II). 

Search of the literature failed to reveal any 
reference to antibacterial action of constituents 
of H. braziletto and only inferential evidence con- 
cerning its relatives in the genera Haematoxylon 
and Caesalpinia. The 1899 edition of the U. S. 
D. (4) stated that logwood is “well adapted to the 
treatment of that rela.xed condition of bowels 
which is apt to succeed Cholera infantum” and 
ascribed the effect to astringent action. The ex- 
tract, which Hobbs’ Botanical Handbook of 1870 
(5) listed as an astringent tonic, was official as 
Extractum Haematoxyli in the National Formu- 
lary (0) until 1930. The isolated compound, 
hematoxylin has been reported to be “very 
feebly antiseptic” (7). The true brazilwood (C. 
echinata) and other similar woods, e. g., brasil- 
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etto, sappanwood, and Nicaragua Mood produced 
by other species of Caesalpima, were once used 
medicinally but b}' the latter part of the nine 
teenth century were considered inert, and their 
medico pharmaceutical use was limited to color 
mg tinctures, etc (4), and to preparation of 
mouthwashes and gargles (8) 

EXPERIMENTS AND RESULTS 

The first experiments were designed to simulate 
the native use of the red heartwood of H brazttclto 
Small chips (total weight 1 0, 0 6, 0 4, and 0 1 Cm , 
respectively) were placed m separate test tubes, 
each containing 10 ml of tap w ater The pH of the 
water was 4 0, and addition of the wood caused no 
change in pH, even after several dajs The tubes 
were inoculated with a standard loopful of an active 
culture of Salmonella typliosa ATCC 6539 Du- 
plicate tubes were similarly inoculated w ith Escher 
tchia coll, ATCC 6522, and all tubes were incubated 
for eighteen hours at 37° Each series w as set up in 
duplicate Parallel tubes w ere treated w ith chips of 
the sapwood Results are shown in Table I 


Table I — Turbidity op Tap Water Containing 
Wood op Hacmaloxylon brazilelto and Inoculated 
with 5 typliosa and E coh (Incubation 18 Hours 
AT 37°) 


Amt of 

' 5 typhosa 

, r 

colt — » 

Wood 

Heart 

Sap 

Heart 

Sap 

Gm 

Kone 

^\ood 

wood 

>^ood 

wood 

(Control) 

+ + -!' 

-b-H- 

+-1-1- 


0 1 

+-I--I- 

4 - 4 '+ 

-H-4- 

4-4-4- 

0 4 

Clear 


-1--+--1- 

4 “ 4 -+ 

0 6 

Clear 


+ + + 

4 - 4 - 4 - 

1 0 

Clear 

++ 

+ 

4-4-4- 


* The structure of brazilin (I) has been established -ffith 
certainty structures shown for brazilem (II) and hydroxy- 
brazilin hematoxylin (III) are considered the most probable 
(3) 


No organisms developed when transfers were made 
from the clear tubes into mitricnt broth and in 
cubated at 37°, and it was concluded th it the heart 
wood contains a water soluble constituent which, 
in appropriate concentration, is bactericidal — not 
mcrclj bacteriostatic — for 5 typliosa The results 
suggested that there might be a sound basis for the 
empirical native use of the heartwood and prompted 
more rigorous tests 

Ten grams of the granul ited heartwood was 
packed carcfullj into a small percolator and 60 ml 
distilled water was added After twelve hours ol 
maceration, the percolate was removed slowlv, 
shell frozen in a suitable vessel, immersed in a mi\ 
turc of dri ice and acetone, and then Ijophihzed 
Complete drving usuallj required twelve to fifteen 
hours of Ijophihzation The resultant dr> residue 
consisted of orange salmon pink, fiuffj flakes that 
were soluble in distilled water to the extent of 33 
ing /ml Ten grams of heartwood jielded 120 to 
130 mg of drv residue from the first percolate 

Dtfco heel extract broth (14 9 ml') containing 
dilTcrent amounts of the dissolved extract was 
inoculattd with 0 1 ml of a culture of 5 typliosa’ 
and the cultures were incubated at 37° in inclined 
roller tubes rotating at a rate of 5 r p m Penodi 
call> , the transmittance of the tubes (run m duplicate 
in each experiment) was determined bv means of a 
Liinictron In some experiments, hematoxv bn'* and 
brazilm® were studied comparative!} with the wood 
percolate Because of differences in color of broth 
containing different concentrations of extract or of 
the stains, it was neccssarv to run a separate un 
inociil itcd standard for each concentration of each 
product The culture medium (pH 6 8) vvas well 
buffered, and even the highest concentration of e.\- 
trict or of the slams did not change the pH Du- 
plicate experiments were performed with £ co/iand 
with Micrococcus pyogenes var aureus 

Averaged results of several experiments are pre 
seiifed in Table II Tubes mth an optical density 
of 0 0 to 0 03 are v isiiall} clear Thus, using v isual 
criteria, one vv oiild consider the end point of both the 
crude extract and of hematoxv hn to be between 
0 25 and 0 6 mg /ml for A typhosa and between 
0 125 and 0 25 mg /ml for M pyogenes var aureus 
Brazihn w as shghtl} more antagonistic to the bac 
teria, the end point against N typliosa and M aureus 
being one tube higher in the dilution series Failure 
of organisms to develop when transfers into drug 
free broth were made from tubes with a reading of 
0 01 or less suggests that the compounds were cidal, 
not merely static, m the stated concentrations 
E coh was more sturd} than either of the other 
organisms and could neither be killed nor perma 
nently inhibited even at the highest concentration 
tested (0 5 mg /ml ), although grow th vv as suppressed 
for several hours Cultures of this organism re 
mained visuall} clear (o d = 0 02 or less) for 
three hours after inoculation into broth containing 
0 0625 mg of braziletto extract or of brazihn 
per ml , and for six hours vv hen inoculated into 


3 Eighteen hour culture Tdjusted to a tran«:mission of 47% 
as determined in Pyrex tubes (18 mm i d ) m a Lumetron 
Model 402 EF equipped \Mth a neutral filter 

< National Aniline Di\jsion of Allied Chemical and Dye 
Corporation certification No NH3 

6 Histological stain from Hartman Leddon Company 
C I No 1243 



January 1959 


Scientific Edition 


71 


Table II. — Per Cent Transmission and Oftical Density of Broth Cultures op Three Species of 
Bacteria Incubated for Twenty-Four Hours at 37° in the Presence of H. bracilclto Heartwood, 

Extract of Hematoxylin, and of Brazilin 


Treatment 

5. typhosa ^ 

T. % O. D. 

"t, % 

E. cell s 

O. D. 

M . Pyogenes var. axtretis 
T, % O. D. 

Control 

5 0 

1.30 

4.6 

1.34 

2,0 

1.70 

Extract, mg./ml. 

0.5 

98.1 

0.01 

Not tested 

100.0 

0.00 

0.25 

17.0 

0 77 

2,3 

1.64 

100 0 

0.00 

0.125 

8.9 

1 05 

2 9 

1 54 

71 1 

0 15 

0.0635 

2 5 

1 60 

2 9 

1 54 

31 9 

0.50 

Hematoxylin, mg./ml. 

0.5 

96.7 

0.01 

2 6 

1 59 

98.6 

0.01 

0.25 

19.5 

0 71 

2 5 

1 60 

99.0 

0 00 

0.125 

14.7 

0 S3 

5 5 

1 26 

17.2 

0 76 

0.0625 

16 3 

0.79 

5.5 

1.26 

11,3 

0 95 

Brazilin, mg./ml. 

0.5 

100 

0.00 

5.0 

1.30 

100 

0 00 

0.25 

100 

0.00 

3.9 

1,41 

100 

0.00 

0.125 

33.3 

0.48 

3 9 

1 41 

100 

0 00 

0.0625 

17 8 

0.75 

4.2 

1.38 

97,4 

0 01 

0.03125 

Not tested 

Not tested 

91.2 

0 04 

0.015625 

Not tested 

Not tested 

10 6 

0 97 


broth containing the same concentration of he- 
matoxylin. Control cultures usually showed some 
visible turbidity at the end of the first or second 
hour. 

M. pyogenes var. aureus was the most easily 
affected of the organisms that were studied. Even 
after twenty-four hours of exposure to the lowest 
concentration of extract or of hematoxjdin tested 
(0.0625 mg./ml.) growth in the experimental cultures 
was visibly considerably less than in the controls. 
The effect was particularly pronounced in cultures 
exposed to brazilin which, at that concentration, 
completely suppressed growth and almost com- 
pletely suppressed it at 0.03125 mg./ral. 

In agar-incorporation tests neither the extract 
(in concentrations from 0.25 to 4.0 rag./ml.) nor 
hematoxylin (in concentrations from 0.25 to 1.0 
rag./ml.) evidenced antimycotic activity against 
Penicillium notatum or Monilia fructigena. How- 
ever, the extract, at 2 rag./ml., prevented growth of 
Trichophyton mcntagrophytes for four days and par- 
tially inhibited growth for ten days. At a concentra- 
tion of 4 mg./ml., the extract completelj' suppressed 
growth of the organism for ten days, at which time 
the tests were terminated. Hematoxylin at levels 
from 0.25 to 1.0 mg./ml. partially inhibited growth 
of T. mcntagrophytes for four days but not for longer 
test periods. 

Successive extracts were made from each portion of 
granulated heartwood by adding 50 ml. distilled 
water to the percolator immediately after the pre- 
vious percolate had been removed. Usually the 
yield from each of the first two percolates from a 
given aliquot of wood was between 120 and 130 
mg. of dry, fluffy lyophilate. With succeeding 
percolations, the yield dropped until the 14th to 15th 
percolates yielded only 8 to 10 mg. of lyophilate. 
The total recovery in 15 c.\-tractions of 10 Gm. of 
heartwood was 600 to 650 mg. of lyophilate fora 
yield of 6 to 6.5%. There were no obvious physical 
differences in the appearance, eitlier gross or micro- 
scopic, of the products obtained from the first and 
last extractions. But with succeeding e.xtracts, bc- 
xond the second or third, there was a decrease in 


water solubility and in antibacterial activity. Lyo- 
philates from the first two extractions of a given 
sample were active; those from fourth or later ex- 
tractions were inactive. 

Spectrophotometrj' failed to reveal significant 
differences between solutions of the active and in- 
active extracts, whether they were e.vamined in acid, 
neutral, or alkaline media. Typical curves for 
solutions at pH 6.0 showed a primarj' absorption 
peak in the ultraviolet at 252 mu and a secondary 
one at 285 m/n. A broad primary peak occurred 
in the visible range at 440 to 450 ran and a secondarj’ 
peak occurred at 520 mn- There was no correla- 
tion between the order of the curves and the activity 
of the extracts. For example, in a tjpical c.xperi- 
ment with a strongly bactericidal solution, a com- 
pletely inactive solution, and one with intermediate 
activity, the absorbance in the ultraviolet range, in 
decreasing order, was active solution, inactive solu- 
tion, and intermediately active solution. But in 
the visible wavelengths the decreasing order of 
absorbance was inactive solution, most active, and 
intermediately active. And in the infrared region, 
the curves of all three solutions were virtually 
identical, both qualitatively and quantitatively. 
Although the extinction coefficients at a given wai'e- 
length were different for the different solutions, the 
ratios of primary and secondary peaks in the ultra- 
violet and again in the visible were the same for 
the three solutions. 

Solutions of brazilin e.\'hibited only one peak in 
the ultraviolet, namely, at 285 rap, and tliere was no 
absorbance in the visible. The absorbance of a 
1.0 mg. % aqueous solution (pH 6.0) of brazilin 
at tliat wavelength was 0.223 with 1 cm. path length. 
The corresponding value for the active extracts was 
0.220. There was little change upon acidification 
to pH 1.5 nltli HCI, the corresponding values at 
285 rap being 0.214 for brazilin and 0.216 for the 
extracts. In alkaline media (pH 10.0) a broad band 
witlt a distinct peak at 520 mp was prominent. 
The absorbance at that wavelength was 0.948 for 
brazilin (1 mg. % at 1 cm. path length) and 0.191 
for the active extracts. However, the compounds 
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Mere unstable in alkaline solution Upon restora 
tion of the original pH, the pattern of absorption 
Mas quite different from that obtained originallj and 
the curves produced upon subsequent re-ilkahniza 
tion M ere entirelj different from those just described 

Paper chromatographj Mas disappointing ^11 
of the extracts Mclded two spots one which was 
easih visible and one mIiicIi was onlj faintlj visible 
in white light but both of which fluoresced brillianth 
under ultraviolet irradiation These pairs of spots 
had identical Rf values in the bacteriologicalh 
active, inoderatelj active, and inactive extracts 
Ultraviolet scanning failed to rev eal anj additional 
spots not detectable in white light Similar spots, 
of different intensitj and fluorescence but with 
identical Rf values, were produced bj solutions of 
hematow hii The pairs of spots in all the prep 
arations increased in intensitj upon standing in 
air, and tliej were attributed to the pigments 
Brazilm produced a single spot w Inch appeared to be 
qualitativeh identical w ith one of the spots obtained 
with the extracts, but much more intense Tests 
with mixtures of brazilm and the extracts m varjing 
proportions failed to separate the spots, suggesting 
that the extracts contained small amounts of brazilm 

DISCUSSION 

The failure of spectrophotometrj to rev eal qualita- 
tive or sj stematically graded quantitative differ 
dices among bactenologicallj active, inoderatelj 
active, and inactive solutions of the extracts suggests 
that the action of the effective solutions was not due 
directlv to the pigments thej contained and raises 
the possibihtj that the activitj was due to some other 
compound or compounds However, although ex 
tensive chromatographic studies were not made, 
the trials which were performed failed to provide 
evidence of such a compound (s) and seemed to 
indicate qualitative chromatographic equivalence of 
the active, moderatelj active, and inactive extracts 
The similantv of chromatographic patterns devcl 
oped bv solutions of bactenologicallj active and 
mactiv e extracts and of hematoxj lin suggests again 
that the activitj was not associated with the pig 
ments 

On the other hand, despite the above evidence, it 
is difficult to suppress the idea of a relationship 
betw een the pigment and the observ ed antibacterial 
action Tending to point to such a connection are 
the facts that (a) extracts prepared from the un 
pigmented sapwood and bark were completelj in- 
active against the test organisms, (i) the aqueous 
extracts prepared from the lieartwood would be 
expected to contain brazilm, (c) despite some dif- 
ferences, aqueous solutions of brazilm and of the 
extracts had spectrophotometnc similarities, (d) 
brazilm and hematoxj Im have closelj' related phe 
nolle structures (the latterbemg simplj hj droxj brazi 
hn) , (c) manj^ phenols are know n to be antibacterial , 
and if) there was approximate concordance between 
the end point concentrations of the most active 
solutions of the H braztlello extracts and of hematox 
j hn and of brazilm for inhibition of the test organ 
isms The latter point could, of course, be simpIj 
a matter of coincidence But, in view of the close 
structural similaritj of brazilm and hematoxj hn, 
and of their products, brazilein and hematein, this 
does not seem plausible 


Brazilm and hematoxj hn and their oxidation 
products, brazilem and hematein, rcspectiveljo are 
extremclj' sensitive to exposure to light and air 
and to slight alterations in pH, particularlj in alka- 
line or near alkaline media, and to other environ- 
mental conditions It seems possible, therefore, 
that thej maj exist in several isomeric forms which 
might not be distinguishable by spectrophotometnc 
or chromatographic methods but w hich might, nev er- 
theless, differ in their biologic properties There 
fore. It IS suggested tint the observed antibactenal 
activitv was, in fact, due to specific isomeric form(s) 
of the pigment The decrease in antibactenal 
activitv of successive extracts prepared from a given 
sample of wood and the variation seen in a particular 
extract, c g , first, second, etc , from different 
samples of wood would, according to this working 
hjpothcsis, be ascribed to the existence of different 
proportions of bTcteriologicallv active and inactive 
isomers m the different preparations 

SUMMARY 

1 In some areas of Mexico chips of the wood 
of the native plant, Hacmato\yIon bmztielto, 
are added to the drinking water and the infusion 
IS used empiricallv as a tonic (and anti infective’) 
in some enteric disorders 

2 The heartvvood of this plant contains a 
water soluble compound which, in appropriate 
concentrations, is bactericidal for Salmonella 
typlwsa and Micrococcus pyogenes var aureus 
and temporarilj inhibits the growth of Eschert- 
chia colt 

3 Solutions of the stains, brazilm and heraa 
toxvhn, deriv'ed from related plants, have a 
similar effect 

4 It IS suggested that the activntj of the ex- 
tracts IS due to one or more isomeric forms of 
brazilm and/or its oxidation product, brazilem 

5 Extracts prepared from the sapwood and 
from the bark of H brasilcllo were inactive anti 
bactenallj 

6 None of the preparations exhibited anti- 
fungal activitj against Moniha fructigena or 
Penicilhum notatum, although both hematoxj hn 
and H braztlello temporarilv retarded growth of 
T nchophyton mentagrophy tes 
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A Note on Condensation Reactions of N-Guanidino-/?-benzoquinone 

Imine Hydrazine Derivatives* 

The in Vivo Antibacterial Activity of One Derivative 

By RICHARD E. STRUBE and CHARLES LEWIS 


The condensation product of 3-hydra2ino-4- 
amino-5-mercapto-l,2,4-tria2ole with N- 
guanidino-/>-ben 2 oquinone imine was active 
in mice infected with S. hemolyticns. 3- 
Aminorhodanine, methyl dithiocarbazinate, 
2 -methylthiosemicarba 2 ide and a number of 
4-amino- 1, 2, 4-tria2ole derivatives did not 
condense with N-guanidino-/>-ben 2 oquinone 
imine. 


A PREVIOUS PUBLICATION from this laboratory 
described the condensation of 3-aminorhoda- 
nine (I) with aromatic and heterocyclic aldehydes 
(1) . It was shown that in an acid medium reaction 
occurred with the amino group and not with meth- 
ylene group of 3-aminorhodanine. Domagk’s dis- 
covery of the activity of certain quinone derivatives 
in mice against Streptococci, in particular the com- 
pounds formulated below (2, 3), prompted the 
study of the reaction of 3-aminorhodanine with 
N-guanidino-/)-benzoquinone imine (11) in the 


HsN— C— NH— N=' 

II 

NH 


N— NH— C— NH. 

II 

A' 

X = S. O, or NH 


expectation of obtaining compound III. How- 
ever, all attempts to make this compound were 
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Unsuccessful. The condensation of II with methyl 
dithiocarbazinate (IV), an open-chain analog of I, 
also failed. The desired condensation occurred 
tidily with 4-mcthylthiosemicarbazide (V), a 
nitrogen analog of IV. These few experimental 
results suggested that failure of condensation of 
3-aminorhodanine was due to the effect of the 
ring sulfur atom. Horvever, additional experi- 
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ments showed that this was not the only factor 
involved. In general, the disubstituted hydrazino 

group ^N-NHj, which is also present in 3-amino- 
rhodanine, is unable to condense with II. This 
assumption was supported by the study of the 
condensation reaction of a few other disubstituted 
hydrazine derivatives. As already mentioned, 
condensation occurred with the monosubstituted 
hydrazine (V) but the disubstituted analog (VI) 
(4) did not condense. A number of 4-amino-l, 2,4- 
triazoles, such as 4-amino-l, 2,4-triazole (5), 4- 
amino-5-mercapto-l,2,4-triazole (6), 3-methyl-4- 
amino-5-mercapto-I,2,4-triazoIe (7), and 3,4-dia- 
mino-5-mercapto-l, 2,4- triazole (8), did not condense 
with II. 
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A condensable triazole was obtained by introduc- 
ing a monosubstituted hydrazine group. This 
compound, 3-h}'drazino-4-amino-5-mercapto-l, 2,4- 
triazole (VII), could be prepared in higlier yields 
than reported in the literature (5, 9) by allowing di- 
ethylxanthate to react with an e.xcess of hydrazine. 
Condensation of this thiazole wiih II gave compound 
VIII. .“Vlthough this compound had a low order 
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Table I. — Comparison of in Vivo Antibacterial Activities" of Compound VIII with N-Guanidino- 

N'-THIOUREIDO-/l-BENZOgUINONB DlIMINE NiTRATE IN INFECTED MiCE 


■Compound VIII, Mononitrate ^ ^Domagk's Compound—^ 


Organism 

Oral 

i. p. 

s. c. 

Oral 

i. p. 

G. hcmolylicus C203 

87 

ca. 80 

ca. 320 

<40 

<25 

D. pneumoniae I Felton 

>800 


>320 

>80 


K. pneumoniae A-D 

>800 

>80 


>80 

>25 

M. aureus 284 

>800 





P. mullocida 449 

>800 


>320 

50-100 


Tolerated dose 

>800 

80-100 

>320 

50-100 

25 


" Expressed as median protective doses in mg /Kg. 


of activity against a series of bacteria in the agar- 
dilution plate test method, it was active in mice 
against 5. Itcmolylicus when administered by the 
oral, subcutaneous, or intraperitoneal route. 

EXPERIMENTAL 

3 - Hydrazino - 4 - amino - 5 - mercapto - 1,2,4- 
triazole. — Thirty cubic centimeters of hydiazine 
(95%), 37.5 cc. of hydrazine hydrate, aiid 7..5 cc. 
of water were placed in a 250-cc., 3-neck, round- 
bottom flask provided witli a stirrer, a reflu.v con- 
denser, a dropping funnel, and a gas inlet tube 
for nitrogen. The system was swept out with a 
stream of nitrogen which was allowed to run 
until the product was isolated. The flask was 
placed in a water bath maintained at 60° and 
75 Gm. (0.50 mole) of diethyl-xauthate was added 
to the well-stirred solution over a period of thirty 
minutes. Ethyl mercaptan, evolved rapidly, was 
absorbed by traps, one containing an excess of 30% 
sodium hydroxide, and the following one containing 
mercuric chloride and cadmium carbonate. The 
reaction mixture was stirred for an additional thirty 
minutes at 60°. During this period the condenser 
was maintained at 30° to allow ethyl mercaptan to 
escape. The flask was heated for one and one-half 
hours on a steam bath, with stirring. After cooling 
to room temperature, 250 cc. of water was added. 
The pH was adjusted to 6 with concentrated hydro- 
chloric acid (35 cc. required) and the total volume 
was adjusted to 400 cc. with water. The mixture 
was heated to boiling and filtered while hot. The 
solid was washed with boiling water made slightly 
acid with hydrochloric acid. The solid was dried 
in vacuuo at 60°. The yield was 25.1 Gm., m. p. 
ca. 221°, decompn. This material was purified by 
treating with 200 cc. of N NaOH plus 60 cc. of 
water. The insoluble material was removed by 
filtration and the clear filtrate was acidified by the 
addition of 18 cc. of glacial acetic acid. The 
solid formed was collected and washed with water 
and alcohol. After drjdng in vacuo at 60°, the 
white product weighed 24.3 Gm. (66.6% yield), 
m. p. 222-228°, decompn. 

Condensation Product VIII. — N- Guanidino-/>- 
benzoquinone imine (8.20 Gm., 0.05 mole) was dis- 
solved in a solution of 65 cc. of water and 14.5 cc, 
of concentrated hydrochloric acid at room tempera- 
ture. To this solution ivas added a solution of 
3-h5'drazino-4-amino-5-mercapto-l ,2,4-triazole (7.26 
Gm., 0.0497 mole) in 118 cc. of water and 25.4 cc. 
of concentrated hi'drochloric acid at room tempera- 
ture. The mixture was filtered after forty-eight 
hours and the dark red solid was washed, in two 
portions, with 100 cc. of water made acid with 2 cc. 


of concentrated hj'drochloric acid. The product 
was purified by rccrystallization from a minimum 
of boiling, slightly acid ivater (approx. 1,400 cc. 
required, prepared by adding 20 cc. of concentrated 
hj'drochloric acid to 1,600 cc. of water). After 
drj'ing in vacuo over sodium hj'droxide at room 
temperature, 9.8 Gm (60%) of compound VIII 
was obtained as the hj'drochloride. 

Anai. Calcd. for CsHhCIN.oS: C, 32.88; H, 
3.98; Cl, 10.78; S, 9.75. Found: C, 32.99; 
H,3.81; Cl, 10.67; S,9.80. 

The mononitrate of compound VIII was prepared 
in a someivhat similar waj' using nitric acid instead 
of hj'drochloric acid . 

Antibacterial Activity in Mice. — ^The procedure 
for testing compounds in infected mice has been 
described previouslj’ (10). Male CF-1 mice were 
infected with 100 LDjo’s of the organism to be 
studied and the infected animals were treated on 
three successive days with the compound. At 
the end of seven daj's, the efficaej' of the compound 
was judged bj' the mortalitj’ ratio of the treated 
animals as compared to the mortalitj' ratio of an 
untreated group. 

Since compound VIII (nitrate) is rather insoluble 
in water, it was suspended in 0.25% Methocel.' 
The desired drug level was administered either 
subcutaneously or intrapcritoneallj' in 0.2 cc. 
volume, or orallj- bj' intubation in 0.5 cc. volume. 

Preliminarj' tests demonstrated that noninfected 
mice tolerated dailj- subcutaneous and oral doses 
of 320 mg./Kg. and 800 mg./Kg., respectivelj', 
without showing gross signs of toxicitj'. Pertinent 
results observed during the studj' of this compound 
are summarized in Table I. The original com- 
pound of Domagk (2) was also studied and the 
data are included for comparative purposes. 

The data in Table I show that compound VIII 
was not toxic and that it protected X henwlyticus 
infected mice when given bj' either the oral, sub- 
cutaneous, or intraperitoneal route. Its activity 
can best be demonstrated when given via the oral 
route. The activitj' of Domagk’s compound as 
reported bj' him has been confirmed. 

SUMMARY 

1. 3 - Hydrazino - 4 - amino - 5 - mercapto - 1,- 
2,4-triazole condensed with N-guanidino-p-benzo- 
quinone imine. 

2. The condensation product is active in mice 
against 5. hcmolylicus when administered by the 
oral, subcutaneous, or intraperitoneal route. 


* Dow Chemical Company, Midland, Mich. 
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3. 3-Aminorhodanine, methyl dithiocarbazinate, 
methylthiosemicarbazide, 4-araino-l, 2.4-triazole, 
- amino - 5 - mercapto - 1,2,4 - triazole, 3 - methyl- 
■ainino-6-mercapto-l,2,4-triazoIe, and 3,4-diamino- 
■raercapto-1, 2,4-triazole did not condense with 
N-guanidino-^-benzoquinoneimine. 
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Book Notices 


.Analytical Absiracls. A monthly publication of 
The Society for Analytical Chemistry, 14 Belgrave 
Square, London, S. W. 1., England. 


Nedcrlandse Phanmccpee. Zesde Uitgave. Mini- 
sterie Van Sociale Zaken En Volksgezondheid, 
1958. xxvii + 633 pp. 15.5 x 24 cm. 


Analytical Abstracts, first published in January 
1954 on the cessation of publication of British Ab- 
stracts C, Analysis and Apparatus, covers the 
analytical literature of the world. 

It contains upwards of 4,000 abstracts per annum 
prepared by abstractors who are experts in partic- 
ular fields of analytical chemistry. Many ab- 
stracts are prepared by chemists in the countries 
of publication of the original papers. Analysts 
will appreciate the advantage of having all ab- 
stracts dealing with their subject in a single publi- 
cation. 

Analytical Absiracls can be obtained from January 
1, 1959 for S14 per annum postage-free including 
index. Some earlier volumes are still available. 
The subscription rate including The Analyst 
is S23.S2 per annum postage-free, including both 
indexes. Analytical Abstracts is also available 
printed on oneside of the paper, so that abstracts 
can easily be incorporated into existing reference 
systems. Price per annum without index $15.05; 
with index $18.48. 

How to Live With Diabetes. By Henry Dolger, 
M.D. and Bernard Seeman. W.W. Norton & 
Co., Inc., New York, 1958. 192 pp. 14 x 21 
cm. Price $3.50. 


This new edition of the Nederlandse Pharmacopee 
represents a complete revision. The drugs for 
which specifications are provided are for the most 
part older therapeutic agents and pharmaceutical 
vehicles and necessities. Apparently no drugs 
restricted by patents have been included in this 
edition. This is marked contrast to the latest 
lists of admissions to the United States Pharma- 
copeia and the National Formulary. 


^ Biod i 


Bioch emical Preparations, vol. 6. Edited by Carl 
iT Vestling. John Wiley & Sons, Inc. New 

York, 1958. ix -f- 105 pp. 14.5 x 23 cm. 

Price $5.25. 

Carefully checked procedures are presented for 
the preparation of crystalline animal cytochrome c, 
deoxyribonucleic acid, 2,3-diphosphoglyceric acid, 
f-a-glycerophosphorylcholine, 3-hydroxyanthranilic 
acid, ;J-hydroxj'-d-meth 3 ’]glutaric acid, insulin, lano- 
sterol from “isocholesterol," leucine aminopep- 
tidase, a’-meth 3 ']serine and bis(hydroxyraethyl) 
glycine, crj'stalline horse oxyhemoglobin, old j’ellow 
enzyme, crj'stalline papain and benzoj’l-f-arginin- 
amide, crystalline muscle phosphorylase a and b, 
phosphoserine, ribonucleic acid from rat liver, 
ribulose diphosphate, and (W-tryptophan-7a-C**. 


A book designed for diabetics and those concerned 
with the disease. The major emphasis is on the 
person with diabetes, and covers much information 
which he should have available. The book can 
conscientiously be recommended by pharmacists 
to diabetics. 

/ Ex^ximental Pharmacodynamics. 1958 rev. Bj' 
k'-iF. Koppanyi and A, G. Karczmar. Burgess 
Publishing Companj’, Minneapolis, 1958. xvi -f- 
258 pp. 21 X 27.5 cm. Price $5.50 Paper- 
bound. Printed by photo offset. 

This brief outline attempts to acquaint the 
student with the e.xpcrimental approach to pharma- 
cology and phannacodj'naraics. It is designed to 
serve both as a laboratorj’ outline and textbook 
on pharmacology. 


Practical Clinical Biochemistry. 2nd ed. By Har- 
old Varley. Interscience Publishers Inc., New 
York, 1958. viii -f 635 pp. 14 x 21.5 cm. 
Price $6.50. 

This book describes procedures of the many 
biochemical tests carried out in hospital laboratories 
as an aid to the diagnosis and treatment of disease. 
It is designed to be used primarily as a practical 
textbook. 

Medizinal Kalender 1959. W. v. Brunn. Georg 
Thieme Verlag, Stuttgart, Germanj', 1958. .xx -f 
856 pp. 9 X 16 cm. Price DM 9.60. Distrib- 
uted in the U. S. and Canada bj' Intercontinental 
Medical Book Corp., New York. Price $2.30. 

A handbook of diagnoses and thcrapj' of especial 
interest to physicians. 
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Kiirzes Lchibuch Do Fhannazciiltschcn Cheime, 
Funfte Auflage By K. Bodendore Springer 
Verlag, Berlin W 35, Reichpietsehufer 20, West 
Berlin, Germany, 1958 vii + 490 pp 16 5 x 
25 cm Price DM 34 50 

Textbook of inorganic and organic clicmistrj 
designed for pharmacy and medical students 

Russian English Medical Diclionar'^ Bj Stani Ey 
Jablonski Academic Press, Inc , New York, 
1958 X + 423 pp 15 \ 23 cm Price Sll 
This dictionary is a feature of the Russian 
Scientific Translation Program conducted bj the 
National Institutes of Health, U S Public Health 
Ser\ice It is designed to assist m the translation 
of medical and allied books and papers written m 
the Russian language 

Simple Methods of Contraception Edited bj Win- 
field Best and Frederick S Jafle Planned 
Parenthood Federation of America, New A’’ork, 
1958 64 pp 15 5x23 5 cm 

Various simple contraceptive techniques arc 
described and evaluated and their medical, social, 
and moral implications arc discussed 

Chemical Transformations by Microorganisms B\ 
Frank H Stodola John Wilej & Sons, Inc , 
New York, 1958 i\ -f- 134 pp 12 5 X 18 5 cm 
Price 84 25 

This book IS based on the second series of E R 
Squibb Lectures on Chemistrj of Microbial Products, 
Rutgers Universitj The production of new and 
useful chemicals b\ microorganisms is discussed 
A full account of the production of alpha ketoglu 
taric acid and l glutamic acid bj fermentation is 
presented How microorganisms are used in in 
dustry and recent information on research on mj- 
cobacterium tuberculosis are also included m the 
lectures 

Titberhidose Biicherei Monographien zur Monats 
schrift Der Tuberkulosearzt Georg Thieme 
Verlag, Stuttgart, Germanj , 1958 152 pp 

16 5 X 24 cm Price DM 17 80 Distributed m 
the United States bs Intercontinental Medical 
Book Corporation, New York Price $4 25 
A series of papers presented on the occasion of 
the dedication of the Robert Koch Tuberculosis 
Clinic of the Universitj of Freiburg, in Februarj 
1958 The lectures cover the general field of 
tuberculostatic agents and the development of 
resistant strains of the tubercle bacillus 

/ Serological and Biochemical Comparisons of Proteins 
^ — Edited bj William H Cole Rutgers Universitj 
Press, New Brunswick, 1958 \i + 119 pp 
15 5 \ 23 5 cm Price S2 

Sev en papers are reproduced in this paper bound 
book which were presented during a program of 
studies on protein metabolism sponsored by the 
Bureau of Biological Research, Rutgers Universitj , 
New Brunswick, N J The papers are designed to 
cover recent developments m the basic mechanisms 
that are concerned with protein interactions m 
the liv mg organism 


The Guinea Pig in Research Bj Mary Elizabeth 
Reid Human Factors Research Bureau, Inc , 
Washington 4, D C , 1958 87 pp 15 x 23 cm 

Price $2 

This paper-bound booklet deseribes the known 
dietary needs of the guinea pig m quantitative terms 
together with a brief account of some aspects of its 
plivsiologj which m ij be of interest to the nutri 
tionist and maj inerease its usefulness in medicil 
research 

A Contribulion lo the History of Ancient Transpor- 
tation and Trade Bj W H Blome Vnn Arbor 
Publishers, Ann Arbor, 1958 vi -f- 86 pp 
21 5 X 28 cm Paperbound Printed bj photo 
offset 

The author of this book presents data pertaining 
to aneiont transportation, land routes of commerce, 
travel, transport bj water, merchandise trans- 
ported, with special emphasis on drugs, and the 
dangers and diffieulties that were encountered 
The author was former!} Chief Pharmaeist with 
Frederick Stearns and Companv and later Professor 
of Pharmaej at Wajne State Univer'itv of Detroit 
He is now living in retirement in Manchester, 
Mich 

Experimental Pharmacognosy 2nd ed Bv Varro 
E Tvler, Jr, and Arthur E Schw''arting 
Burgess Publishing Co , Minneapolis, 1958 in 
-f- 81 pp 21 \27 em Price $2 75 Paperbound 
Printed bj photo offset 

A laboratorj outline designed to aid m teaching 
fundamental principles which are universallv 
applicable Biochemical processes are stressed, 
and a kev for the identification of powdered drugs 
IS included 

Vade Hecitm DiiVcterinaire Bv A Brion A icot 
Freres, Editeiirs, Pans, 1958 \v 752 pp 
10 5x17 5 cm Price 4,200 fr 

A presentation in capsule form of present dav 
knowledge in most of the fields which interest 
the practicing v eterinarian 

XVlIc Congres Des Sciences Pharmaceutiqiies 
Leiden, 1957 Conferences et Communications 
D B Centen, Amsterdam, 1958 351 pp 

16 X 24 cm Price 195 fr 

A scries of papers and discussions presented at 
the Seventeenth Congress of the Pharmaceutical 
Sciences held m Leiden in 1957 Most of the 
papers are written m French, German or English, 
and the authors represent several nationalities 

Abrege de Matiere Medicale Matieres premieres 
d ongme v egetale 3rd ed Bj M R Paris and 
H Moxse A^igot Freres, Editeurs Pans, 
1958 196 pp 16x24 cm Price 1,100 fr 

This book (in French) presents information m 
abstract form on material of vegetable origin 
used in materia medica A classification of vege- 
table drugs according to their pharmacodj namic 
action IS included and a subject index is appended 
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A Kinetic Study of the Specific Hydrogen Ion 
Catalyzed Solvolysis of Chloramphenicol 
in Water-Propylene Glycol Systems* 

By ARNOLD D. MARCUS f and ANTHONY J. TARASZKA 


The specific hydrogen ion catalyzed degradation of chloramphenicol in solutions 
containing up to 50 per cent (v/v) propylene glycol is qualitatively similar to deg- 
radation in purely aqueous systems. The reaction remains pseudo-first order 
with respect to chloramphenicol and the direct dependence of the rate upon acid 
concentration is maintained. The contributions of a water reaction at low acid 
concentrations is still evident in 1 0 per cent glycol systems but not in 30 or 5 0 per cent 
glycol. If the previously postulated mechanism for this reaction is correct, the 
present data are in conflict with the requirements of the Bronsted-Christiansen- 
Scatchard equation for a reaction between ions of like sign. In the present study a 
decrease in dielectric constant resulted in an increase rather than a decrease in the 
rate of the reaction. The inverse relationship between rate and dielectric constant 
is rationalized by assuming the reaction to be of the ion-dipole rather than of the 
ion-ion type. This assumption appears to receive support from the qualitative 
agreement between the data and the requirements of the Amis equation and a mecha- 
nism is offered to account for the postulated ion-dipole reaction. The activation 
energies for the reactions in 10, 30, and SO per cent propylene glycol are 21.0, 20.5, 
and 20.0 kilocalorie/raole, respectively. The direct relationship between activa- 
tion energy and dielectric constant agrees with the theoretical requirements for a 

cation-dipole reaction. 


HIS INVESTIGATION was undertaken in an at- 
tempt to study the specific solvent or other 
effects of propylene glycol upon the rate of hydro- 
gen ion cataly’zed degradation of chloramphenicol 
in water-propylene glycol solutions A major ob- 
jective of this study was the critical and, if pos- 
sible, quantitative evaluation of the effect of in- 
creasing gl 3 xol concentrations upon the rate of 
hydrolysis or other solvolj'tic cleavage, if anj'. 
Such a study appeared to be of particular impor- 
tance in view of tlie widespread use of mixed sol- 
vents in phannaccuticals and the relative lack of 


* Received May 3, 1957, from College of Pharmacy. 
Rutgers Unn crsity, Newark 4, N J 

Presented to the Scientific Section. A Pit A . New York 
Meeting, Ma>, ID’iT 

This studv uas supported, in part, uith funds supphed by 
the Research Council of Rutgers Uni\ersitj 

Portions of this paper are adapted from the nnze-w inning 
mnniibcnpl submitted by Anthonj J T araszka to the Eastern 
Region, 1950, I-unsford Richardson Pharraaci Anard comoc 
(ition 

t Vresent .iildrcss McrcL Sharp and Dohme Research 
Laboratones, West Point, Pa 


information concerning the effects of such solvent 
systems upon the stability’’ of active ingredients 

The hydrolytic, or other solvolytic, decomposi- ' 
tion of pharmaceuticals is by no means a new 
problem. Drugs of such diverse chemical consti- 
tution as procaine, aluminum acetate, naphazo- 
line, and chloramphenicol are all subject to hydro- 
lytic breakdown (1-4) and these liabilities are 
often important in formulation procedures. In 
many instances solvolj’^sis may be inhibited, or 
avoided entireljq bj"^ a variety’' of remedies includ- 
ing judicious maintenance of pH (I, ‘2), "tying 
up” the labile species in the form of a stable com- 
plex (5), the use of an insoluble form of the active 
ingredient (G), or by careful control of buffer 
capacit)' and constituents (7). 

Despite the apparent universality of the above 
procedures, it is often found that their application 
fails to achieve the desired resistance to solvoh-sis. 
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We often find, therefore, that the problem is at 
tacked by a partial or complete change in the sol- 
vent system It has been recently reported (8), 
for example, that the stability of pentobarbital in 
solution IS materially enhanced by the use of a 
polyethylene glycol solvent system Similar rea 
soning has been successfully applied m the official 
monographs on tribromethanol solution, iso 
fiuophate solution, nitrofurazone solution (0-11), 
and other preparations 

It is probably as a result of these and similar 
successes that there is a generally held opinion 
that the use of nonaqueous solvents to replace all 
or a portion of, the water in a solution is some sort 
of panacea Such an assumption is largelj' er 
roneous and probably results from a lack, of appro 
ciation of the ability of nonaqueous solvents, es 
pecially those which are hydroxylic, to participate 
m, or othenMse influence, solvolylic reactions 
Man}' of the claims which have been advanced in 
this area are either without sound foundation m 
experimental fact or are the results of purel> 
superficial evidence Water may have been 
branded a villain too often without good cause 

It is probable that this situation has resulted, at 
least in part, from the scarcit) of reliable chemical 
kinetic studies regarding the rates of degradation 
of pharmaceuticals An accurate evaluation of 
the specific or other contributions of a second sol 
vent IS difficult, if accurate and precise studies of 
degradation in water have not been carried out 

As part of a project concerning the effects of 
nonaqueous solvents upon the stability of phar 
maceuticals, it was decided to study, initially, 
propylene gljcol This solvent is finding in 
creasing use and is of such a chemical constitu 
tion that it might very possibly participate in 
solvolytic reactions Since only a few drugs 
have been evaluated with respect to their be 
havior m aqueous systems, it was decided that 
It would be most prudent to choose for tins 
study, a drug which decomposed solvolytically 
in acid sj'stems, thus eliminating the need for 
buffer systems and pH measurements, both of 
which may have little significance m mixed sol 
vents Inasmuch as the response of chloram 
phenicol, m purely aqueous systems, to tempera 
ture and pH has been almost completely evalu- 
ated, this antibiotic was chosen for investigation 

Since It was possible that the inclusion of pro 
pylene glycol m the reaction media might alter the 
order and/or character of the degradative reac 
tions or affect the formation or interaction of ionic 
species, the reactions were earned out in water- 
prop> lene glj col systems containing up to 50 per 
cent (v/v) glycol The data obtained were ana 


lyzed with a view toward determining, if possible, 
the degrees of both hydrolytic and non-hydrolytic 
solvolysis (Figs 1 and 2) as well as the influence of 
any electrostatic effects 
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EXPERIMENTAL 

Reagents — Other than the chloramphenicol and 
U S P grade prop 3 lene gljcol, all chemicals were 
reagent grade 

Method of Degradation — The general experimcn 
tal procedure of Higuchi, el al (7. 12), wasemploted 
to effect all degradations The glycol perchloric 
acid solutions were prepared bj adding the gljcol to 
the standard solution of perchloric acid, dropwise, 
through a 25 ml buret This procedure minimized 
anj"^ errors which might have resulted from the vis 
cosity of the glycol 

Analytical Procedure — Partition chromato 
graphic elution of residu il undegraded chlor iniphen 
icol followed by spectrophotometric determination 
of the antibiotic as reported b\ Higuchi, el al (13), 
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was employed throughout, with the following modi- 
fications: The mobile phase was changed from 10 to 
15% (v/v) ethyl acetate in chloroform and all 
spectrophotometric measurements were made at 
272 mp, the peak for chloramphenicol in this sol- 
vent. In addition, the samples of reaction mi.vture 
containing 50% glycol were diluted with an equal 
volume of purified water prior to separation. 

DISCUSSION OF THE EXPERIMENTAL 
RESULTS 

Nature of the Acid Catalyzed Reaction. — It is 
evident from Fig. 3 that the addition of propylene 
glycol to the reaction sj'stems in no way affects the 
pseudo-first order character of the overall degrada- 
tive reaction. While this evidence is not conclusive, 
the nature of these plots, along with the previously 
demonstrated behavior of chloramphenicol in purely 
aqueous systems, overwhelmingly indicates that 
here, too, solvolysis is the major degradative path- 
way. For this reason it will be implicitly assumed in 
the balance of the discussion that solvolysis repre- 
sents the onl 5 ' significant route of degradation. It 
should be noted, however, that these plots cannot, 
e.vcept indirectly, indicate the degree to which pro- 
pylene glycol influences the rate of degradation. The 
data, plots, and discussion to follow may serve to il- 
luminate this area. 

Previous studies (7, 12) concerning the degrada- 
tion of chloramphenicol have shown that in aqueous 
systems below pH 7, three major types of reactions 
are responsible for degradation; general acid-base 
catalyzed hydrolysis, specific hydrogen ion catalyzed 
hydrolysis, and an uncatalyzed or "water” reaction. 



Fig. 3. — Plots showing the rate of hydrogen ion 
catalyzed hydrolysis of chloramphenicol to remain 
first order with respect to the antibiotic under a 
variety ol c.xperimental conditions 


In highly acid systems, however, the rate of degrada- 
tion depends only upon the temperature and acid 
concentration. In solutions where the concentra- 
tion of acid is low (ca. 0.025 ilL), however, the total 
rate represents a summation of the hydrogen ion 
catalyzed reaction and the "water” reaction. As a 
result, the rate of hydrolysis of chloramphenicol is 
significant even at “zero” hj'drogen ion concentra- 
tion. 

This behavior, plus the e.\perimentally established 
increase in the solubility of chloramphenicol with in- 
creasing hydrogen ion concentration, led Higuchi 
and Marcus (12) to postulate that the hydrogen ion 
and the uncatalyzed solvolyses are associated with 
different substrates. These authors said that the 
substrate in the acid catalyzed reaction is a mono- 
protonated chloramphenicol with a positive charge 
on the substrate, whereas the substrate in the 
"water" reaction is chloramphenicol itself. 

Figiwes 4, 5, and 6 show that the linear relation- 
ship between rate of degradation and acid concentra- 
tion (above 0.025 Af) is unaffected by including 10, 
30. or 50% propylene glycol in the reaction mixtures. 
There is, however, a notable difference between the 
plots in Fig. 4 and those in Figs. 5 and 6, even at low 
concentrations of acid. If the lines in Fig. 4 were 
drawn so as to pass through all of the experimentally 
determined points, thej’ would not pass through the 
origin (as drawn) but would curve or level off to in- 
tersect the ordinate significantly above the origin. 
In light of the preceding discussion concerning the 



HCLO4 CONCENTRATION- M/L X 10* 

Fig. 4. — Plots showing the direct relationship be- 
tween the rate of acid catal>-zcd degradation of 
chloramphenicol and acid concentration in 10% 
(v/v) propylene glycol. As noted in the text, the 
departures from linearity at low concentrations of 
acid may be ascribed to the contributions of the 
"water" reaction. 
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so 



HOLO4 CONCENTRATION -M/L X 10^ 

Fig 5 — Plots Similar to those m Fig 4 but for 
30% (v/v) propylene glycol The lack of anj 
noticeable deviations from linearity at low concen- 
trations of acid indicate that the “water” reaction 
IS either absent entirely or that its contributions are 
negligible 



HCLOt CONCENTRATION M/L X 10® 

Fig 6 — Plots similar to those in Fig 5 but for 50% 
(v/v) propylene glycol 


dual degradativc’ pathways, it is clear that in the 
solutions containing only 10% propylene gljcol, the 
■water” reaction still contributes significantly at 
low hj'drogen ion concentrations 

In Figs 5 and 0, however, a much different picture 
IS presented In these plots all of the evpcnmentallj 
determined points, including those obtained at 0 026 
il/ acid, fall directly on the lines drawn to pass 
tliroiigli the origin There is no discernible evidence 
of anj levelling off It is therefore, possible to con 
elude that in reaction sj stems containing 30 oi 50% 
propylene glj col and 0 020 M acid, the uncatalyzed 
reaction is either absent entirely or else plaj s so small 
a role as to be bej oiid the power of resolution of the 
analytical procedures emploj ed One thing appears 
certain, in reaction sj stems containing higher con 
ccntrations of the glj col, the “water” reaction is sub 
staiitialh suppressed cither as a result of simple de 
crease in the relative concentration of water, or be 
cause the glvcol in some manner fa\ ors the mono pro 
tonated form of the substrate Mono-protonated 
chloramphenicol is, of course, virtuallj unaffected bj 
the “water” reaction 

Although the preceding discussion and supporting 
figures indicate that at low lij drogen ion concentra 
tions the addition of propj lene gl) col tends to reduce 
the overall rate of degradation, a quite different view 
IS gained upon inspection of the plots in Figs 4, 5, 
and 0 at higher acid concentrations While the 
qualitative character of the specific In drogen ion 
catalj'zcd soKoljsis of chloramphenicol is essentiallj 
unaffected by the inclusion of glj col in the reaetion 
sj'stcms, a change m qualitative character was not 
actuallj anticipated It w.as expected, however, 
tint the quantitative picture would be quite differ 
ent In line with generally held opinions, we as 
sumed that the rate of degradation would decrease 
significantly with increasing concentrations of pro- 
pj lene glj’col This assumption was supported, 
from a theoretical standpoint, bj' the requirements of 
the Bronsted Christiansen Scatchard equation (14) 
for reactions betw een ions of like sign 

We were, therefore, surprised to find that the in- 
clusion of propylene glvcol did not result in a de 
crease in the rate of the hv drogen ion cataljzed 
reaction Instead, it became apparent that an m 
crease in gljcol concentration caused an increase in 
the cataij'tic activitj' of the hj drogen ion and, there- 
fore, in the rate of the reaction These small but 
definite increases are summarized in Tables I and II 
It should also be noted that there is an apparent lack 
of anj regular relationship between the rate of re 
action and the concentration of propj lene glj’col 

DISCUSSION or THE REACTION 
MECHANISM 

It IS possible to rationalize the increases in the rates 
of reaction with increasing concentrations of pro 
pj lene glj col in several w aj s It seemed possible 
that upon adding gljxol to the reaction sj stems there 
would be a competition betw een water and the gly 
col, so that the systems would contain both hj dro- 
nium ions and gij'colated protons If attack bj’ a 
gljcolated proton is facilitated bj' the newlj in 
creased possibilities for van der Wmls’ tj pe inter 
actions w ith the substrate, the increase in rate of deg 
radation need not remain puzzling This proposal 
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Table I. — Catalytic Constants for Hydrogen 
Ion Catalyzed Reaction in the ^'■ARlOus Systems 




kH L. moles”* 

Temp., °C. 

Glycol, % 

hours 

97.30 

0 

2.00» 

97.30 

10 

2.18 

97,30 

30 

2.21 

97.30 

50 

2.22 

91 30 

0 

1.223» 

91.30 

10 

1,433 

91.30 

30 

1.469 

91.30 

50 

1.490 

85.36 

10 

0.845 

85.36 

30 

0.875 

85,36 

50 

0.902 

° This value obtained from the data of Higuchi and Marcus 

(12), 



Table II. — The Effect of the Concentration of 
Propylene Glycol Upon the Rate of Solvolysis 


OF Chloramphenicol 

Temp.. “C. Glycol. % 

Half Life-Hours" 

97.30 

0 

3.47’’ 

97.30 

10 

3.17 

97.30 

30 

3.14 

97.30 

50 

3.13 

91.30 

0 

5.67’’ 

91.30 

10 

4.84 

91.30 

30 

4.72 

91.30 

SO 

4.65 

85.36 

0 

8 54’’ 

85.36 

10 

8 23 

85.36 

30 

7.93 

85.36 

SO 

7.69 


" Hal/ lives in 0 1 perchloric acid. 
b This value obtained from the data of Hignchi and 
Marcus (12). 


is seriously set back, however, bj’ the fact that at 
higher concentrations of the glycol (30 and 50%) the 
increase in rate does not begin to compare with the 
increase in glycol concentration. Since the e.vistence 
of any substantial concentrations of glycolated pro- 
tons would demand the _ presence of substantial 
amounts of propylene giycol, the fact that the rate of 
degradation is almost independent of glycol concen- 
tration in the range 10 to 50% glycol led us to aban- 
don pursuit of this possibility. 

In the course of our attempts to explain the appar- 
ent departure from expected behavior, the possi- 
bility was advanced that a glycolated proton would 
be a stronger acid than the hydronium ion, thus 
achieving a greater catalytic eflect. The same de- 
ficiencies which caused us to discard the possibility 
of enhancement of catalytic activits’ bj' some sort of 
Van dcr M5aals’ type interaction seemed operative 
here, too, and this second possibility was also dis- 
counted. 

If the mechanism proposed by Higuchi and Mar- 
cus (12) is correct, the data in Tables I and If are a 
source of serious concern. Even though the rale of 
reaction is almost iiidcpcndonl of gb-col concentra- 
tion, there can be no doubt of continuing slight in- 
creases in rate. Inasmuch as the mechanism pro- 
posed requires a reaction between two ionic species 


bearing the same sign, tlie data in Tables I and II are 
in direct conflict with the requirements of the 
Bronsted-Christiansen-Scatchard equation (14). 
This expression requires a decrease in the rate of re- 
action between ions of like sign when the dielectric 
constant of the medium is lowered.* In the present 
study, however, the rate of reaction increased when 
the dielectric constant was lowered. 

According to Amis (17) the rate of a reaction be- 
tween a positively charged ion and a dipolar molecule 
should increase as the dielectric constant of the re- 
action medium is lowered. The expression derived 
by Amis also predicts that the relationship betw'een 
rate and dielectric constant is not linear but falls off 
with succeeding decreases in dielectric constant. 
The data in Table II seem to be quite in line with 
these requirements and thus lend support to the 
postulation that the reaction might involve an ion 
and a dipole. 

Because the evidence cited above can hardly be 
said to offer any rigorous support, a means was 
sought to provide additional evidence in favor of the 
postulation. Amis’ equation may, for the limiting 
case of head-on approach of an ion to a dipolar mole- 
cule, be uTitten 

In in - D = In in - m -t- 

where D is the dielectric constant of the medium, Zc 
is the charge on the ion, kt, is the Boltzmann gas 
constant, T the absolute temperature, and r is a 
measure of the closeness of the approach of the ion. 
According to this equation, when the reactants are a 
cation and a dipolar molecule, a plot of In k vs. 1/D 
should yield a straight line with a positive slope. In 
order to see whether or not our data would fulfill this 
requirement, however, it was necessary to know the 
dielectric constants of our water-propylene glycol 
systems at the temperatures employed to effect deg- 
radation. 

A search of the literature failed to reveal any in- 
information concerning the dielectric constants of 
water-propylene glycol mixtures. IVe were forced, 
therefore, to make certain approximations. Vie re- 
alize that our approach was arbitrary and that the 
values and the plots derived from them are either 
meaningless or, at best, open to serious question. 
We felt, however, that an 3 ' clarification which would 
result might possibl}' offset the liabilities inherent in 
our approach. 

The data of Akerlof (IS) and calculations made 
using the constants given by him for glycerol and 
n-propanol, along with similar calculations for pro- 
pylene glycol (16), indicated that, from 20 to 100°. 
the dielectric constant of propjdenc glycol is approx- 
imately the arithmetic mean of the dielectric con- 
stants of glycerol and n-propanol with a maximum 
deviation of 3%. Akerlof also shows that his ex- 
pressions for the temperature dependencies of the 
dielectric constants of glycerol and n-propanol hold 


J The dielectric constant of water through the temperature 
range employed in this study varied from TjO 0 to 50 I as 
calculated from the work of Malmberg and Maryott (151. 
The similar variation in the dielectric constant of propylene 
glycol is 2} 2 to 8 as calculated from the data of ^^orKan 
and Yager (Ift) Naturally, an increase in the concentration 
of glycol rc'^uUs in an overall decrease in the dielectric con- 
stant of the reaction system For purposes of comparison, 
the dielectric constants of water and propylene glycol at 20® 
are SO 1 and 32 0, respectively (15, lU). 
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for aqueous solutions of these two substances as well 
as for the pure materials In view of the approxi 
mate relationship between the dielectric constants of 
pure n propanol, glycerol, and propj lene gl} col, we 
have assumed a similar relationship to hold for 
aqueous solutions of the three organic solvents The 
values thus arrived at for the dielectric constants of 
water propylene glycol mixtures were applied to our 
data in an attempt to see if a plot of log k vs 1 /D 
would aid m interpreting our data 
Our plots were of the required slope and definitely 
linear m the region between 10 and 50% propylene 
glycol The plots did not, however, include the 
points at zero glycol concentration Although these 
plots did lend slight weight to the possibility that the 
reaction could be classified as of the ion dipole ty pc, 
the slopes of the straight line portions were so small 
that It did not seem possible to plaee any great deal 
of faith m the results It appeared that some alter- 
ation in approach would be necessary’ to aehicve plots 
more indicative of the applicability of the Amis equa- 
tion 

The apparently’ very small effect of glycol con 
centration in the range 10 to 50% gly col led us to as 
sume that the gly col did not exert any effect such as 
summarized in Fig 2 It appeared possible that any 
influence being exerted by the gly’col might be purely 
electrostatic in nature It has already been noted 
that when the rate equation may be written 

k„ = Kiu [H.O] 



obey the requirements of the Amis equation for the 
effect of dielectric constant on the rate of a reaction 
between a cation and a dipolar molecule The re 
ciprocal half li\ es were calculated from the data in 
Table II 


It IS unrealistic to ignore the decrease in water con 
centration if the effect of the organic solvent is 
purely electrostatic (19) A better test of the obe 
diencc of our data to the requirements of the Amis 
equation would be, therefore, to plot log (reciprocal 
half life)/CniO as a function of 1/D ^ The results 
of these plots are shown in Fig 7 

The magnitudes and the directions of the slopes in 
these plots do much to substantiate the thesis that 
the reaction studied involves an ion and a dipole 
When viewed m terms of the means used to estimate 
the dielectric constants, the almost strict adherence 
of the plots. III the range of 10 to 50% propylene giv 
col, to the Amis equation is almost incredible It 
should, therefore, be re emphasized that any attempt 
to represent these plots as having much quantitative 
significance would be foolhardy 

Because of the degree of support in favor of the 
postulation of an ion dipole reaction, we have at 
tempted to inspect the mechanism proposed b\ 
Higuclii and Marcus m the hope of finding some in 
dication that the postulated ion dipole reaction does 
not represent either a ‘ pipe dream” or a paradox If 
that mechanism is rewritten to conform with the 
mechanism proposed by’ Bender and Ginger (20) for 
the acid catalyzed hy’clrolysis of amides, we could 
write 

0 OH 

II H+ I 

U— C— NHR' -f H.O > R— C— \HR' -f H + 

I 

OH 

OH OH 

1 I + 

R— C— NHR' -f H+ , R— C— NH.R' 

I I 

OH OH 

OH 

I + + 

R— C— NH.R' > R— C— (OH), -f R'NH. 

OH 

R— C— (OH) + > RCOOH + R'NH3 + 

If the first step above can be regarded to explain 
the apparent increase in the solubility of chlor 
amphemcol with increasing concentrations of acid as 
resulting, not from the formation of an ionic sub- 
strate but rather as due to the formation of the more 
polar R C(OH) — NHR', the overall reaction need 
no longer be considered to be between two ions of 
like sign Since the actual hydrogen ion catalyzed 
hydrolysis is dependent upon the second reaction, 
the dipole reaction may well be correct 

It may be objected that the first reaction cannot be 
regarded alone but represents just a first step in a 
senes of reactions leading to eventual cleavage of the 
C — N bond The experimental work showing an 
apparent increase m the solubility of chloram- 
phenicol with increasing concentrations of acid was, 
however, carried out at 30° At this temperature 
the rate of hy droly sis of chloramphenicol (due to the 
second reaction) is almost negligible Under these 


* Reciprocal half hves are related to the rate constants by 
the expression k = reciprocal half life X 0 b93 for first order 
reactions 
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circumstances it is not at all surprising that onlj the 
fast reaction (the first) uould receive attention 
The second reaction above is clearlj of the lon- 
dipole tj pe If the mechanism is coirect, our data 
are no longer paradoxical but conform directlj uith 
theoretical requirements The above mechanism 
also does much to explain the fact that, in purelj 
aqueous systems, the activation energy for the hj'-- 
drogen ion catal> 2 ed reaction is 5 Kcal /mole less 
than for the "water” reaction (12) 

Thus far nothing has been said about the non- 
linearity of the plots in Fig 7 in the range 0 to 10% 
gljcol The data and supportmg plots do little to 
illuminate this area Landskroener and Laidler (21 ) 
have noted “kinetic anomalies” m the region of 10% 
by weight of the organic component It is possible 
that these departures from linearity represent just 
such an anomaly We are unprepared to venture 
any explanation until this region has been explored 
in greater detail We do find one hopeful note m the 
plots of Fig 7. It appears that the magnitude of de- 
parture from hnearity decreases i\ith a decrease in 
temperature It is possible that the decreased effect 
of temperature on dielectric constant plaj s some part 
m this progression toward linearity It is also 
possible, how ever, that the effect of propj lene glj col 
in the 0-10% region is due to a specific solvent effect 
and IS not amenable to treatment from a standpoint 
of electrostatic theory alone 

It has been suggested that the postulated lon- 
dipole reaction could receive additional support if 
the parameter r in the Amis equation were eval 
uated and found to be reasonable, ie„ if it were 
found to be of the correct order of magnitude for a 
molecular radius Such an evaluation w ould require 
a knowledge or an approximation of the dipole mo- 
ment of the substrate Inasmuch as this \ alue is not 
known and an approximation from the moments of 
other iV-substituted amides would still leave us with 
the problem of further approximating the influence of 
the proton already present on the substrate, we feci 
that little IS to be gained by such an effort 

TEMPERATURE DEPENDENCIES 

The Arrhenius-type plots in Fig S indicate the 
effect of temperature on the overall rates of degrada- 
tion m the several solvent systems The energies of 
actixation, as determined from the slopes of these 
plots are 21 0, 20 5, and 20 0 Kcal /mole in the 10. 
30. and 50% gljcol solutions. respectivcU For 
purposes of comparison, the actnation energj in 
pure water is 19 5 Kcal /mole (12) 

According to Amis (22), the most sensitixe test for 
determining w hethcr ion dipole reaction rates arc in- 
fluenced iirtuallj cxclusneli bj' electrostatic effects 
lies in their obedience to the expression 


where Ef is the "coulombic actuation energ'," 
Di and D- are the dielectric constants of the media 
r, u, and r haxe the same significance gixen pre 
Mouslx Our imbilitj to exaluate the parameters 
r and H accurateh prevents am precise testing of mir 
d ita 

The direct relationship between activation energj 
and dielectric constant in sv stems cent lining from H> 



265 170 275 260 


l/T X lo’ 

Fig 8 — Arrhenius tj pe plots show mg the tem- 
perature dependencies of the reactions m 10, 30. and 
50% propjlene glvcol The activation energies 
as determined from the slopes of these plots are 
21 0, 20 5, and 20 0 Kcal /mole for 10, 30, and 50% 
gljcol, respectiv elj 

to 50% glycol IS in accord with apparent theoretical 
requirements Amis and Holmes (23) state that for 
a reaction between a dipolar molecule and a cation, a 
decrease in dielectric constant should be accom- 
panied bj a decrease inactivation energj The v alue 
of 19 5 Kcal /mole for the reaction m purclv aqueous 
sv stems is, of course, quite out of line with the rest of 
the values Smee there are a number (23-26) of re- 
corded instances in w Inch the direct relationship for 
reactions between cations and dipoles did not hold. 
It is possible that a direct relationship is not a rigid 
requirement of thcorj 

We are not, therefore, inclined to attach anv great 
significance to the direction of change in activation 
energj with decreasing dielecliic constant which we 
have found It would, perhaps, be more logical to 
point out that our values for the activation energies 
are subject to an error of ±1 Kcal /mole As a re- 
sult, the differences noted abov e niaj be of doubtful 
significance 

PHARMACEUTICAL SIGNIFICANCE 

The preceding data, figures, and discussion make it 
clear th it it is unwise to make anj blanket assuinp 
tion that replacement of all or a portion of the water 
in a pharmaceutical preparation will enhance the 
stabihtv of an active ingredient Itiscquallv clear 
that the useof nonaqueous solv ents to achiev e greater 
solubihtv introduces the possibihtv of decreasing 
thestibihtv of a poteiitialK active ingredient In 
order toev ihiatt anv contnbiitions which might be 
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due to a nonaqueous solvent, prior kinetic studies in 
purely aqueous and in mixed solvent solutions are 
virtually mandatory. A knowledge of both the ap- 
parent and operative mechanisms is similarly desirable 
if stability is to be predicted with any accuracy. 

The present study serves well to point up the 
necessity for proper interpretation of any stability 
studies. It might be assumed, for example, that the 
inclusion of chloramphenicol in acidic solutions, of 
which propylene glycol is a constituent, could lead 
only to decreased stability of the antibiotic. Such 
apprehension might be particularly severe if a com- 
parison were made of the relative stabilities in 0 and 
10% propylene gb'col, omitting studies in solutions 
containing higher concentrations of the glycol. Since 
the function of propylene glycol in such a preparation 
would undoubtedly be to increase the solubility of 
the antibiotic and thus permit therapeutically ef- 
fective doses, a potentially useful solvent might be 
discarded because of insufficient information and 
misinterpretation of the available data. 

For one thing, the inclusion of 10% propylene 
glycol will not increase the rate of degradation of 
chloramphenicol by more than 10%. This is not. of 
course, an insignificant factor and, from this super- 
ficial viewpoint, one might understandablj' be loathe 
to investigate systems containing higher concentra- 
tions of propylene glycol. This reticence might well 
apply even when it became clear that only by in- 
creasing the glycol concentration to 50% could ther- 
apeutically effective concentrations be kept in solu- 
tion. Had the region between 10 and 50% glycol 
been investigated, however, the relative independ- 
ence of the rate of degradation on glycol concentra- 
tion would have been established. At that point, 
perhaps, a decrease in the stability of the antibiotic 
by 10% might have represented a small price to pay 
for achieving solutions containing therapeutically 
effective amounts in reasonable dose volumes. 

The value of studies such as the present one may 
be seen from still another angle. A formulator aware 
of the mechanism proposed for the hydrogen ion 
catalyzed degradation of chloramphenicol in purely 
aqueous systems might, conceivably, attempt to en- 
hance the stability of the antibiotic in solution by ef- 
fecting a decrease in dielectric constant. Such an ef- 


fort would be quite logical according to the Bronsted- 
Christiansen-Scatchard expression. Had he, how- 
ever, used propylene glycol to achieve this effect, the 
results of the present study clearly show that his ef- 
forts would have been in vain. It is obviously im- 
portant to be aware of the mechanism which is op- 
erative as well as the one which is apparent. 

We do not wish to suggest that a solution of chlor- 
amphenicol in perchloric acid, no matter how dilute 
the acid, represents a plausible dosage form. We do 
wish to point out, however, that the factors impor- 
tant here may be of equal importance in systems 
more plausible as dosage forms containing active 
ingredients less resistant to degradation. 
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A Comparison of the Kinetics of the Acid Catalyzed 
Hydrolyses X)f Procainamide, Procaine, 
and Benzocaine* 

By ARNOLD D. MARCUSj and STEPHEN BARON 

The kinetics of the acid catalyzed hydrolyses of procaine and benzocaine have been 
found to be first order with respect to the esters and the rates linearly dependent 
upon acid concentration. ,,The catalytic constants for the acid catalyzed hydrolysis 
of procaine have been evaluated and compared with those obtained for procain- 
amide. The differences in magnitudes have been compared and an attempt is made 
to explain these differences. The energies of activation have been determined to be 
16.8 and 18.6 kilocalories/mole for procaine and benzocaine, respectively. The 
fact that the activation energy for procaine is 3.8 kilocalories/mole higher than for 
procainamide disproves a previous postulation that, in acid systems, procainamide 
responds as an ester rather than as an amide. The kinetics and mg:hanisms of the 
acid catalyzed hydrolyses of procainamide, procaine, and benzocaine have been com- 
pared and analyzed from a standpoint of the activation energies, frequency factors, 
and entropies of activation. The apparently "unreasonable” values of the frequency 
factors and activation energies of procainamide and procaine have been examined in 
terms of both collision and transition state theories. It appears that when the reac- 
tions are regarded to involve ions of like sign, the relative a'nd absolute magnitudes 
of the frequency factors and activation energies are not “unreasonable.” 


Tn A PREVIOUS COMMUNICATION (1) it was re- 

ported that, contrai^’' to apparent theoretical 
requirements, the activation energy for the acid 
catalyzed hydrolysis of procainamide is a sur- 
prisingly low 13.0 Kcal./mole. In an attempt to 
explain this apparent deviation from theory’ 
within the framework of apparently’ well-estab- 
lished mechanisms (2, 3), it was proposed that, in 
acid systems,- procainamide responds as an ester 
rather than as an amide. Since no experimental 
evidence concerning the validity of this postula- 
tion was available, it was noted that similar 
studies on procaine (the ester) and benzocaine 
would be initiated. 

The present communication reports the results 
of a study’ of the kinetics of the acid catalvzcd 
hydrolyses of procaine and benzocaine. If it 
could be shown that the activation energy for pro- 
caine is 13.0 Kcal./mole or lower, the postulation 
that procainamide responds as an ester would re- 
ceive considerable support. On the other hand, if 
it were found that the activation energy for the 
acid cataly’zed hydrolysis of procaine exceeds 13 0 
Kcal /mole, a revision in the proposed mechanism 
would be necessary’. -Although it was felt that a 
study of benzocaine would be of some significance 
in proving or disproving tlic postulation, its major 

* Received Ma> 3, 1957. from College of Plianmcj 
Rutgers Uni\ersitv*. Newark 4. N J 
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function seemed to be in permitting some evalua- 
tion of the contributions of the |3-diethy’lammo- 
nium function. 

EXPERIMENTAL 

Procaine. — The general procedure and analytical 
method of Higuchi, e/ al (4), were used tliroughout, 
with the following modifications: Tiie withdrawn 
samples were diluted only tenfold at first with cold 
water. Aliquots of these dilutions were then diluted 
tenfold with 0 6 Jlf, pH 9 5 carbonate-bicarbonate 
buffer just prior to spectrophotometric analysis The 
degradations were effected in 0.25 to 1 03/ per- 
chloric acid solutions 

Benzocaine. — The same general experimental and 
analy’tical methods used [or procaine were employed 
for benzocaine with the following modifications. 
Since benzocaine is poorly soluble in water, the 1% 
solutions of the ester were prepared with 0 5 hy- 
drochloric acid as the solvent Because the specific 
extinction coefficient and wavelength of nia.\imura 
absorption of benzocaine differ from those of pro- 
caine, 6 0 ml , rather than 10 0 ml , portions of 1% 
solution were added to the reaction flask As a re- 
sult of these modifications, the equation used to cal- 
culate the degree of hj’drolysis must be rewritten as 

% residual ester = 100 X , 

{^bent ^PAHa) 

where 

k = the observed absorbance of the partly 
hydrolyzed sample diluted to 
0 000500% with respect to original 
benzocaine. at 285 m;i 

krznv = the absorbance of /i-aminobenzoate ion 
equivalent to 0 00500% of benzocaine, 
at 285 THfi 

kb-ni = the absorbance of a 0 000500% solution 
of benzocaine at 285 

All measurements were made at pH 9.5. 

. 8 .'. 
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EXPERIMENTAL RESULTS 


Figures 1 and 2 show the acid catalj zed lij drolyscs 
of procaine and benzocaine to be first order with re 
spect to the substrates over a range of acid con 
centration and temperature Tlie expected linear re 
lationship between rate of hydrol} sis of procaine and 
acid concentration is evident from Fig 3 The 
catalytic constants for the hj drogen ion have been 
evaluated from the slopes of these plots and are in 
eluded m Table I The previouslj determined (1) 
constants for procainamide are also included for pur 
poses of comparison 

Figure 4 shows that tlic rate of hjdroUsis of bcii 
zocame at 97 30° is linear with acid concentration 
Although we have not investigated the relationship 
at lower temperatures, it is reasonable to assume sim 
liar dependencies on the basis of other studies (5, 6) 

Temperature Dependencies — The activation eii 
ergies for the two acid catalj zed reactions have been 
determined from the slopes of the Arrhenius tj pe 
plots m Figs 5 and 6 These are 10 8 and 18 G 
Kcal /mole for procaine and benzocaine, rcspec 
tively Table II includes the first order rate con 
stants, k, activation energies, AHa, frequencj fac 
tors. A, and entropies of activation, ASa, for the acid 
catalyzed hydrolyses of procaine, procainamide, and 
benzocaine The values for the latter two charac 
tenstics were calculated from the equation 


where 


k = 


cASa/Itt-Mla/KT 

Nh 


A = 


Nh 




For the sake of uniformity and ease of comparison 
the data in Table II all refer to reactions m 0 5 M 
perchloric acid at 97 30° and k has the dimension 
seconds'* 


Table I — Catalytic Constants for the 
Hydrogen ion Catalyzed Hydrolyses of 
Procaine and Procainamide 



A// I iters 

^ Liters 


Moles"! 

Moles'*® 


Hours !— 

Hours'* — 

r - '’c 

Procaine 

Procainamide 

97 30 

0 2775 

0 0523 

91 30 

0 1975 

0 0379 

85 30 

0 1265 

0 0272 


* Data of Marcus and TaraszK. i (1) 


DISCUSSION OF THE EXPERIMENTAL 
RESULTS 

Since the activation energy for the acid catalyzed 
hydrolysis of procaine is 3 8 Kcal /mole greater than 
for procainamide, we must conclude that the previ 
ously postulated mechanism for procainamide (1) is 
erroneous A reconsideration of this mechanism will 
be presented in a subsequent section 
Benzocaine. — The value of 18 6 Kcal /mole for 
benzocaine is m general agreement ivith theoretical 
requirements m terms of substituent effects (5) 
The magnitude of the difference, however, seems 
small when regarded solely m terms of the electro 
philic character of the p ammonium substituent In 
50% etlnnol the actuation cnerg 3 for the acid 



TIME IN HOURS 

Fig 1 — Plots showing the acid catalj zed hj- 
drolj SIS of procaine to be first order w ith respect to 
the estei under a variety of experimental conditions 

Table II — First Order Rate Constants, 
Energies of Activation, Frequency Factors, 
AND Entropies of Activation" 




Alla 



ASq 



Kcal / 



Entropy- 


k sec “1 

mole 


A sec 1 

Units 

Pro 






caiiiamide'’ 

7 26 

13 0 

3 

43 X 10" 

-47 4 

Procaine 

38 5 

16 0 

3 

14 X 10‘ 

-33 8 

Benzocaine 

140 0 

18 6 

1 

32 X 10* 

-26 4 


“ All values refer to 0 5 perchloric acid at 07 '^0° 

& CTlculated from the data of Marcus and Taraszka (1) 


catalyzed hydroljsis of etlijl p nitrobenzoate is, for 
example, 17 52 Kcal /mole (5) Since a p ammo 
mum function u more electrophilic than a p nitro 
substituent, the value of 18 6 Kcal /mole for ben 
zocame must represent, in part, other than electro 
pliilic effects It would appear logical to assume 
that this value represents the net effect of electro 
pliihc character and coulombic repulsion The dif- 
ference in solvent sj stems does, of course, plaj' some 
part but the comparisons and conclusions remain 
Yalid 

Procaine Versus Benzocaine — The preceding dis 
cussions and comparisons indicate that coulombic re 
pulsion may be important m determining the activa- 
tion energj' of a reaction It is, therefore, difficult to 
reconcile the activation energies for benzocaine and 
procaine with the expected coulombic repulsions In 
the perchloric acid solutions emplojed m the present 
study, procaine is present as a doubly protonated 
species whereas benzocaine is only monoprotonated 
Since acid catalj zed hydroljsis requires an addi 
tioml protomtion (2, 3), it seemed reasonable to ex- 
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TIME IN HOURS 

Fig. 2. — Plots showing the acid catalyzed hj’drolysis 
of benzocaine to be first order with respect to benzo- 
caine over a range of experimental conditions. 

pect that tlie doubly protonated substrate would re- 
pel the catalytic species to the greater degree. The 
logical assumption which follows from this e.xpecta- 
tion would be that procaine should be associated with 
a higher activation energy than benzocaine. 

Contrary to this assumption, the activation energy 
for the acid catalyzed hydrolj-sis is 1.8 Kcal./mole 
lower than for benzocaine. It is interesting to note 
that this is quite analogous to the acid catalyzed hy- 
drolysis of procainamide in which every factor ap- 
peared to require an activation energy of perhaps 30 
Kcal./mole. The experimentally determined acti- 
vation energy is 13.0 Kcal./mole (1). Factors other 
than electrophilic substituents on the aromatic 
nuclei and coulombic repulsions are operative in 
these reactions. Indeed, it would seem that these 
additional factors are not only operative but that 
theirs arc the predominating influences. 

MECHANISMS OF THE REACTIONS 

Influence on the Magnitudes of the Catalytic Con- 
stants. — Of all the data in Tables I and II, the dif- 
ferences in the magnitudes of the catalytic constants 
appear most amenable to treatment from straight- 
forward considerations. 

Since the present study apparently disproves the 
hypothesis that procainamide responds as an ester in 
acid systems, it must be assumed that the mecha- 
nism for the acid catalyzed hydrolysis of procain- 
amide is of the usual type for benzamidcs. According 
to these apparently well established mechanisms 
(2, 3), acid catalyzed hydrolysis of amides proceeds 
through protonation of the amide nitrogen. It has 
been pointed out previously (1) that the fi-diethyl- 



HCLO 4 concentration - M/t 


Fig. 3. — Plots showing the rate of the acid cata- 
lyzed hydrolysis of procaine to be linearly dependent 
upon the concentration of acid. 



HCIO, CONCENTRATION - M/L X 10 

Fig. 4. — A plot cstabli.shing the direct relation- 
ship between the rate of the acid catalyzed hydroly- 
sis of benzocaine and the concentration of acid at 
97.30'’. 
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Fig. 5. — An Arrhenius-type plot showing the tem- 
perature dependency of tlie acid catalj'zed liydroly- 
sis of procaine. Tlie activation energy for the 
reaction, as determined from tlie slope of tin's plot, 
is 16.8 Kcal./mole. 



Fig. 6. — An Arrhenius-type plot showing tlie effect 
of temperature on tlie rate of the acid catalyzed 
liydrolysis of benzocaine. The activation energy 
as determined from the slope of tlie line is 18.6 
Kcal./mole. 


ammonium function is sufficiently electrophilic to 
markedly reduce the basicity of the amide nitrogeti. 
As a result, protonation is more difficult and the effi- 
cacy of the catalytic species (H 3 O*) is decreased. 
This decrease is reflected in the magnitude of it//+. 
Since the acid catalyzed hydrolysis of esters also re- 
quires protonation (at the ester oxj-gen) we might ex- 
pect kii'^ to be almost the same for procaine and pro- 
cainamide. 

In the acid catalyzed hydrolysis of esters, how- 
ever, even though protonation is important, it is 
much less important than in the hj'drolysis of amides 
(2). On the other hand, in the acid catalyzed hy- 
drolysis of an ester, attack by a water molecule at the 
carbonyl carbon is of much greater consequence than 
in amide hydrolysis (2). Inasmuch as the carbonyl 
carbon atom is much farther from the electrophilic 
/3-dieth3dammonium substituent, the effect is ma- 
teriall 5 ' reduced. In fact, the eleetrophilic character 
of the p-ammonium Junction would actuallj^ facilitate 
the acid catalyzed hydrolysis of an ester. Lastlj', the 
effect of coulombic repulsion of the proton would be 
greater in the case of an amide than in the case of an 
ester. This results from the fact that protonation of 
the amide nitrogen, a site close to the formal positive 
charge, plays a much greater role in the hj^drolysis of 
amides than in the hj-drolysis of esters. There thus 
appear to be three different but related factors 
which account for the relative magnitudes of the 
catalj'tic constants. 

An}' rationalization or explanation of t he values for 
the activation energies, frequenej' factors, or entro- 
pies of activation (Table II) presents a more diffi- 


cult problem. When compared with the correspond- 
ing values for the acid catalj’zed hj’drolj-ses of ethj’l 
/>-nitrobenzoate or ^-nitrobenzamide (2, 5) the fre- 
quency factor for procaine appears low bj' a factor of 
10’, and that of procainamide low bj* a factor of 10* 
or 10*. Onl}’ benzocaine is associated with a fre- 
quenej' factor of ' 'reasonable” magnitude. The large 
negative entropies of activation fall into a similar 
pattern and the activation energies are almost in- 
credible. It is possible, however, that when viewed 
in a different light, the values for these reactions maj’ 
appear more credible and reasonable. 

Actual Nature of the Reactions. — Bj' referring to a 
reaction between a proton and procainamide, pro- 
caine, or benzocaine, we leave tlie impression that the 
reaction involves an ion and a dipolar molecule. This 
is, of course, a false impression. The reactions are 
actually between ions of like sign. Since it is much 
easier to write "procaine” than /S-dietlndammoniuin- 
cthj’l />-ammoniumbenzoate, we shall retain the for- 
mer designation. We wish to emphasize, however, 
that the substrate is a diprotonated species. The 
same cautions hold for procainamide and benzocaine 
(mono-protonated ). Since the reactions are between 
ions of like sign, the values for the frequencj' factors 
and the entropies of activation may not be "out of 
line” and may even help explain the variations in the 
aetivation energies. 

Procainamide 

The frequencj' factor. A, maj' be regarded as ap- 
proximatelj’ equivalent to the pZ term of the colli- 
sion theory, and the steric factor, p, is associated 
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with the entropy term. It is, therefore, possible to 
consider the unusually low values of A and activa- 
tion energy for procainamide from two viewpoints. 

Collision Theory.— If a collision between two re- 
actants of proper energy content is to result in a re- 
action, the colliding species must be properly ori- 
ented with respect to each other. Unless they are so 
oriented, the energi' content of the reactants may be 
of little consequence. It has been found that in re- 
actions between ions of like sign, p may have a value 
as low as 10~’ (7). In the case of procainamide, the 
two protons already present could be expected to 
exert a considerable repulsive effect when a third 
proton approaches. This effect would result in suffi- 
cient steric hindrance to almost demand a very low 
value for p and, therefore, of pZ or A. 

When this effect is considered together with the 
reduced basicity of the amide nitrogen, it is not at all 
difficult to imagine that the third protonation will re- 
quire the strictest orientation of the reactants. Fur- 
thermore, even though attack by a water molecule 
at the carbonyl carbon is not so important as pro- 
tonation of the amide nitrogen, this attack must also 
occur. As a result, the reaction requires orientation, 
not only with respect to the ions, but with respect to 
a molecule of water as well. It would appear, there- 
fore, that the rate of acid catalyzed hydrolysis of pro- 
cainamide is considerably more dependent upon 
proper orientation of the reactants than upon their 
energy content at the time of collision. 

The orientation requirements are so strict that 
only a few collisions can be effective. When, how- 
ever. the third protonation does take place, the prod- 
uct is a triply charged ion. Not only is the new en- 
tity triply charged, but the charges are so close to- 
gether that the new species will, figuratively speak- 
ing, tend to tear itself apart despite a low energy 
content. 

Transition State Theory. — A similar conclusion 
may be reached if the reaction is considered in terms 
of a transition state or activated complex. When 
ions of the same sign react, the product is a more 
highly charged ion. Solvation of the activated 
complex would then require manj' more solvent 
molecules than the individual reactants. The con- 
sequent reduction in the freedom of the solvent 
would lead to a substantial decrease in entropy (a 
large negative entropy of activation) in forming the 
transition state. This would, in turn, require a low 
value for the frequency factor and, as above, the fre- 
quency factor rather than the energy content of the 
reactants would predominate in determining the rate 
of reaction. 

If the above reasoning is correct, the low values for 
A and irlla for the acid catalyzed hydrolysis of pro- 
cainamide are not particularly ‘'unreasonable” but 
might actually be expected. In this connection, it 
is interesting to note the work of Jclliiiek and Gordon 
who have shown the actual substrate in the acid cata- 
lyzed hydrolysis of nicotinamide to be a doubly 
charged cation (S). The frequency factors given by 
these authors at 10* or 10^ lower than for the acid 
catalyzed hydrolysis of p-nitrobcnzainide (2). Here, 
too, the importance of the entropy term appears to 
be considerable. It must be pointed out, however, 
that the activation energy for the acid catalyzed hy- 
drolysis of nicotinamide is approximately 7 Kcal,/- 
mole greater than for procainamide. 


Procaine 

From the preceding discussion it would seem logi- 
cal to expect that the same reasoning should hold 
true for procaine. In part, it does. The value of A 
for procaine appears, as noted previously, to be low 
by a factor of 10’. It is, therefore, reasonable to 
assume that the entropy term (or steric factor) re- 
mains verj’ important in determining the rate of acid 
catalyzed hydrolysis. Two aspects of this compaii- 
son remain, however, to be explained. First, the ac- 
tivation energy for procaine is 3.8 Kcal./mole greater 
than for procainamide and, secondly, the frequency 
factor is higher by a factor of 10’. It would thus 
appear that proper orientation of the reactants or a 
large negative entropy of activation can supply only 
part of the answer. 

The answer may lie in the essential difference be- 
tween the acid catalyzed hj-drolyses of benzoates and 
benzaraides. Since the electrophilic fi-diethyl- 
ammonium substituent can be expected to produce 
the same relative decrease in the basicities of the 
amide nitrogen and the ester oxygen, it is possible 
that protonation of the ester oxygen (the weaker 
base) will require greater energy on the part of the re- 
actants. This would then be reflected in the magni- 
tude of the activation energy. Furthermore, the 
/)-aramonium substituent on the aromatic nucleus of 
the acid moiety can be expected to facilitate attack 
by a water molecule at the carbonyl carbon atom (2). 
This ease of attack may then be reflected, not in the 
activation energy, but in a relaxation of the strictness 
of the orientation requirements. As a result, effec- 
tive collisions could occur more frequently and this 
would, in turn, lead to a higher value for A (pZ). 
Inasmuch as attack at the carbonyl carbon is of 
greater importance in ester hydrolysis, the above ex- 
planation appears to offer a reasonable means of ra- 
tionalizing the differences between procaine and pro- 
cainamide. 

Benzocaine 

The comparatively "normal” value for A in the 
acid catalyzed hydrolysis of benzocaine indicates that 
the entropy terra is not the major influence in deter- 
mining the rate of hydrolysis. It would appear that 
the absence of the /3-diethylammonium substituent 
results in a concomitant absence of any great steric 
hindrance. The difference in the entropies of acti- 
vation for procaine and benzocaine is certainly evi- 
dence in this direction. 

E.xcept for the apparent coulombic repulsion 
which decreases the effect of the electrophilic p-am- 
monium substituent, the mechanism for the acid 
catalyzed hydrolysis of benzocaine is comparatively 
uncomplicated. 

SUMMARY AND CONCLUSIONS 

1. The rates of the acid catalyzed hydrolyses 
of procaine and benzocaine are first order with 
respect to the esters. There is a linear relation- 
ship between the rates of reaction and the concen- 
tration of acid. 

2. The activation energies for these acid cata- 
lyzed hydrolyses are 1G.8 and IS.G Kcal./mole for 
procaine and benzocaine, respectively. The mag- 
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nitude of these activation energies indicates that a 
previoiisljf proposed inechanisni for the acid cata- 
lyzed hydrolysis of jirocainaniide was in error and 
this mechanism has been reconsidered. 

3. Although the frequency factors and the en- 
tropies of activation for procaine and procain- 
amide appear to be low by factors of 10’ and 10’, 
respectively, the values obtained appear more 
reasonable when examined in light of both the col- 
lision and transition state theories and their re- 
quirements for reactions between ions of like sign. 

4. It is shown that an apparent deviation from 
theoretical requirements for a high activation 


energy may be explained in terms of a dominating 
influence of the entropy change or the “stcric fac- 
tor” upon the rate of reaction. 
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The Relative Reliability of the Escape Reaction and 
Righting-Reflex Sleeping Times in the Mouse* 

By DUANE G. WENZEL and HARBANS LALj 


The “escape reaction” method of measuring 
the end point of sleeping time in mice was 
compared to the “righting-reflex" method. 
The former was found to be more reliable, 
to have a more definite end point, to measure 
more effectively lower levels of CNS de- 
pression, and to measure cortical rather than 
midbrain reflexes. 

TVEumerous METHODS have been used to quan- 
^ titate drug-induced sleep. Probably the 
righting reflex is the most widely -used end point. 
Although the relative importance of, and the 
interrelationships between the many variables in- 
volved in sleep are still poorly understood, it is 
associated with both a decrease in the level of con- 
sciousness and an overall diminution in somatic 
motor activity (1). The important criteria for 
sleep have been stated to be: loss of critical, as 
opposed to stereotyped reactivity to the environ- 
ment; an increased threshold of general sensi- 
bility and reflex irritability; and the capacity to 
be aroused or brought back to the state of con- 
sciousness (2-4). The recovery of postural re- 
flexes and diminution of the threshold of general 
sensibility and reflex irritability appear to be 
brought about through the mesodiencephalic sys- 
tem (4). This S 3 ^stem operates in the absence or 
incapacitation of the cerebral cortex employing 
feedback circuits to the lower centers and the peri- 
phery. Such reactions have been described in the 

* Received July 21, 1958. from the School of Pharmacy, 
University of Kansas, Lawrence. 

t Present address: Department of Pharmacology, School 
of Medicine, University of Chicago, Chicago, 111. 


decorticated cat, dog (4), and monkey (5), and 
new-born infants or older anencephalic children 
(4). Thus, although the righting reflex is a pos- 
sible end point of sleep, it gives no evidence of cor- 
tical involvement. 

In one attempt to improve the end point of 
sleeping time a mouse is placed in a cell the di- 
mensions of which are so sleeted that only a fully- 
conscious animal can climb out of the cell (G). 
Stimuli are provided by intermittent blasts of air. 
This approach appears to bracket the target of 
pharmacological sleep as the animal must not only 
regain all reflexes and irritability in order to per- 
ceive the stimuli, but must consciously consider 
means of escape. Additionally, the act of climb- 
ing from the cell requires the recovery of neuro- 
muscular coordination. The escape reaction 
should theoretically j’ield therefore a relativel}' 
complete evaluation of drug-induced sleep. 

The primary purpose of this study was to com- 
pare the experimental accuracy of the escape re- 
action method to that of the righting reflex in the 
evaluation of drug-induced sleeping time. A re- 
lated objective was to demonstrate the role of the 
cerebral cortex in both methods. 

EXPERIMENTAL 

Sleeping times of male mice (18-25 Gm.) were de- 
termined with the commonly used experimental bar- 
biturates, hexobarbital and pentobarbital. Six 
mice were used for each dose, 10 doses being em- 
ployed for hexobarbital and 11 for pentobarbital 
with each of the three tests. In all tests sleep was 
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Table I. — Analysis op Variance 


/ Escape Reaction 



Degrees 

Righting Reflex 

Degrees 



of 

Alean Square 

Alean Square 

of 


Source of Variation 

Freedom 

A" 

B6 

Freedom 

Mean Square 


Hexobarbital Sodium 




Between doses 

9 

2. 1353 

2.0095 

9 

0.3529 

Linear regression 

1 

14.8980 

14.5610 

1 

2.8773 

Deviation from linearity 

8 

0.5400 

0.4406 

8 

0.0373 

Error 

49 

0. 1008 

0. 1239 

50 

0.0158 

Total 

58 



59 



Pentobarbital Sodium 




Between doses 

10 

0.7512 

0.6709 

10 

0.5533 

Linear regression 

1 

6.8911 

6.1422 

1 

5. 1286 

Deviation from linearity 

9 

0.9890 

0.0630 

9 

0.0452 

Error 

55 

0.0405 

0.0428 

53 

0.0206 

Total 

65 



63 



** First spontaneous righting. ^ Righting ability confirmed by repeated testing. 


measured as the time interval between tlie intraperi- 
toneal administration of the drug and tlie end point. 

The escape reaction test was as previous^' de- 
scribed (6) except that six cells were emplo 5 ’ed simul- 
taneously and an air reservoir of a heavy balloon was 
used. As some mice do not react to the air-blast 
stimulus, animals were first screened to eliminate 
those that did not come out of the cell within one 
hundred seconds. Two methods of recording the 
end point of the righting reflex were used. One em- 
ployed the first spontaneous movement from the 
back to a normal position while in the second the ani- 
mal was immediately returned to the back position. 
If the mouse remained in this position for at least 
thirty seconds, the awakening was regarded as a sleep 
movement and timing continued. The end point 
was two returns to the normal position each within 
the prescribed thirty-second interval. 

Six mice which had demonstrated an escape reac- 
tion to the air blast were carefully decorticated and 
tested by both methods. 

RESULTS AND DISCUSSION 

The regression analyses of variance performed on 
the sleeping times are given in Table I from log- 
transformed data. It is seen that the two righting- 
reflex methods do not differ significantly. When the 
error of the initial spontaneous righting method, 
which is the smaller of the two, is compared to the 
error of the escape reaction it is found that the latter 
is significantly smaller. The level of significance is 
0.1% in the case of hcxobarbital and 1.0% for pento- 
barbital. When the data for each group of animals 


were individually examined, it was found that the 
lesser significance obtained with pentobarbital was 
the result of data from the higher doses employed. 
It would appear that the variance of the escape re- 
action method becomes greater with the increased 
duration of sleeping time. It was also observed that 
with the two smaller doses of hexobarbital (76 and 87 
mg./Kg.) that only five out of twelve mice lost the 
righting reflex whereas the escape reaction test satis- 
factorily measured the shorter sleeping time. 

The decorticated mice irreversibly lost the ability 
to perform the escape reaction but retained the right- 
ing refle.x and other midbrain reflexes. This informa- 
tion, coupled with the longer sleeping times ob- 
tained with the escape reaction method, corroborates 
the initial assumption that this constitutes a more re- 
liable criterion of cortical involvement than the 
righting reflex. 

It may be concluded that the escape reaction test 
employed provides a more valid approximation of 
drug-induced sleeping time than the righting reflex 
method. Furthermore, it has an unmistakable end 
point, a smaller error, and eifectively measures lower 
levels of CMS depression. 
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Pharmaceutical Applications of the Sodium Salt 

of Carbopol 934* 

By JAMES A. LEE and W. LEWIS NOBLES f 


This study indicates that a number of medic- 
inal agents can be satisfactorily suspended 
using the dry sodium salt of Carbopol 934. 
The emulsifying properties of this agent are 
also reported. 

' I 'his study was undertaken in an effort to 
evaluate the suspending and emulsifying prop- 
erties of the dry sodium salt of Carbopol 934,* 
(hereinafter designated as Carbopol). Of par- 
ticular interest was the comparison of the be- 
havior of this form of the agent with such prop- 
erties previously reported (1) for both the un- 
neutralized polymer and for preparations in 
which the acidic polymer was neutralized in situ. 

Carbopol is a hydrophilic colloid originally de- 
signed as a thickening agent for various types of 
aqueous formulations. It is a high molecular 
weight polymer containing a large percentage of 
carboxyl groups. Essentially, it is a carboxydic 
vinyl polymer supplied as a finely divided white 
powder. It disperses readily in water to yield an 
acid solution of low viscosity. 

CARBOPOL AS A SUSPENDING AGENT 

Previous publications (1, 2) have indicated meth- 
ods b}' which the agent may be most easily dis- 
persed and neutralized to serve as a suspending 
agent and emulsion stabilizer Tliat it can func- 
tion effectively as both a primary emulsifier and 
emulsion stabilizer is a tribute to the unique gel- 
forming properties of this material Once the 
desired agent has been dispersed, coalescence is 
effectively prevented by electrical charge repulsions 
within the molecule The mechanisms responsible 
for the verj' high viscosities obtained are solvation 
and electrical charge repulsions within the molecule. 
Unfortunately, however, because of the latter ef- 
fect, ionic materials added to a Carbopol-thickened 
sj'stem supply cations which are attracted to and 
surround the negative charges of the molecule 
The rigid electrical repulsion within the molecule 
is thereby lessened and the result is a marked lower- 
ing of viscosity unless the concentration of Carbopol 
is increased to offset the loss of optimum viscosity 
produced b}^ the cations (4) 

Carbopol salts are excellent suspending agents for 
manj' solids dispersed in aqueous s 3 'steras Satis- 
factory dispersions of calamine, neocalamine, and 
a kaolin-pectin combination were previously 
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reported Otlier tvorkers (1, 3), however, Iiad re- 
ported that certain multivalent metallic ions were 
poorly suspended It had been reported (3) that 
cosmetic and pharmaceutical applications of this 
agent had been bindered by tlie reaction of the 
multivalent metallic ions to form insoluble salts of 
Carbopol, resulting in unsighti}’, coarse prepara- 
tions Some of these findings were in apparent con- 
flict with our earlier observations relative to cala- 
mine, neocalaraine, and zinc oxide (2) Nevertheless, 
on reexamination, our earlier findings were confirmed. 
During the past j’ear, Cohen (3) presented a 
theory of salt formation which may serve satis- 
factorily as a basis for the interpretation of tlie 
results obtained with such substances The fol- 
lowing equations thus are suggested as possible 
explanations of some of the difficulties previousK' 
encountered in the use of multivalent metallic ions 
with Carbopol; 

case 1 (acid condition). 

— COOH — COOGH® [H+) 

— COOH ® —COOH -h 2ZnO > 

— COOeH ® —COOH HoO 

— COO— Zn— OOC— 

—COOH HOOC— + 2H.0 

— COO— Zn— OOC— 

(Cheesy precipitate) 
case 2 (neutralized condition). 

— COOSNa® — COOSNa® [OH"! 

— COOeNa® + — COCeNa® -f 2ZnO > 

— COOGNa© — COOeNa® H.O 

Na® 

— COO— ZnOH Na®eOOC— 

—COOGNa® -f- Na®600C 1- [OH”) 

-COOGNa® Na— O— Zn— OOC— 

(Smooth dispersion) 

Wliile It is readih’ admitted that these equations 
are lu'pothetical in nature, thej' appear to inter- 
pret, fairly accurately, the results obtained with the 
use of Carbopol in such formulations In case 1, 
the formation of a cheesj' precipitate with no vis- 
cosity In the liquid phase tends to support the 
concept of the formation of — COO — Zn — OOC 
groups upon the addition of zinc oxide to the 
acidic polymer In case 2, tliere is no direct evi- 
dence to support the conjecture that the — COO — Zn 
— OH group i= actuall}^ present Brown and Duke 
(5), however, suggest the presence of such a linkage 
as being involved in the vulcanization of carboxj’lic 
rubber with zinc oxide Furthermore, this type 
of grouping is analogous to basic zinc acetate, 
CH3COO — Zn — OH In the presence of the 
sodium ion there is also the possibilitj- of — COO — Zn 
— ONa groups being present 

When the metallic oxide is added to a non- 
neutralized dispersion of Carbopol, an unsatis- 
factorj- dispersion of agglomerated particles nia 3 ' 
result, as suggested in case 1. If, however, the 
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Carbopol is neutralized to a pH of 7 or higher, 
prior to the addition of such agents, a smooth, 
stable dispersion may be obtained. 

The following data (3) suggest that the poor 
suspending property of Carbopol in the presence of 
zinc oxide is due to the neutralization of this 
agent by the zinc oxide: (o) The pH of a 1% 
dispersion of zinc oxide in water is 6.9. (Taken 
alone this would not predict a basic reaction.) (b) 
The pH of a 1% dispersion of Carbopol 934 in water 
is 3.1, but (c) when 1.65 Gra. zinc o.xide is added to 
300 Gm. of a 1.0% Carbopol dispersion (equimolar 
amount of zinc oxide and Carbopol) and mixed in 
a Waring Blendor for thirty minutes, a grainy pre- 
cipitate results, and the pH is raised to 6.3. This 
is positive proof of the zinc oxide neutralization of 
the carboxylic acid groups on the Carbopol and, in 
conjunction with the formation of a precipitate, 
strongly indicated the equation in case 1 (d) If 

sodium hydroxide solution is added to the pre- 
cipitated formulation resulting in (c), and mixed 
tor a very long time, the precipitate will disappear 
and the viscosity of the liquid phase will eventually 
increase greatly, indicating the disappearance of 
the — Zn — crosslinks in a manner as postulated 
in case 2. The following data demonstrate this 
effect: 


In the course of the present preparative work, the 
dTj"^ sodium salt of Carbopol was utilized. This was 
prepared as reported elsewhere (6). By this method 
approximately 0.4 Gm. sodium hydroxide is used per 
gram of Carbopol. This ratio of alkali/Carbopol 
will produce a mucilage possessing a pH range of 
7-7.6. 

The results of this study are summarized in Table 
I. They may be compared with the results reported 
by Skauen and his co-workers (1). 

The dr}^ sodium salt of Carbopol works well in 
this type of application. This agent produces a 
satisfactory suspension and obviates the necessity 
of using any previously prepared solutions or the 
weighing of small quantities of the neutralization 
agent each time. The substances to be suspended 
can be dry blended (in the present work this was 
done on small runs in a mortar and pestle and on 
larger runs with the use of the Patterson-Kellej- 
yoke type blender) with the sodium salt and then 
water may be added with trituration to give the 
desired volume. 

The second phase of this study dealt with the use of 
Carbopol as a primary emulsifier and/or an emul- 
sion stabilizer. This agent has been recommended 
and has found commercial application as an emul- 
sion stabilizer. Skauen and his associates (1) 


10% NaOH Added to 

300 Gm. of Resulting 

Total Time Mixed in 
Waring Blendor at 


Brookfield 

20 r. p. m. 


Formulation in (c), ml. 

Full Speed, min. 

pH 

Viscosity 

Comments 

5.0 

44 

9.8 

0 

Ppt. much finer 

13.0 

116 

11.5 

0 

Ppt. much finer 

13.0 

127 

Sample aged 

48 hours, min. 

10.8 

19,120 

Smooth liquid phase, 
thick by paper test, 
no precipitation or 
agglomeration 

15.0 

127 

9.8 

17,800 

Smooth, as above 

15.0 

134 

11,4 

8,000 

Smooth, as above 

10% acetic acid added 


6.2 

0 

Grainy ppt. reforms, no 
viscosity 


Thus, a good suspension can be formed by adding 
zinc oxide to acidic Carbopol followed by sodium 
hydroxide addition, but a tremendous amount 
of mixing must be used to eliminate the — COO — Zn 
— OOC — groups, once they are formed. The degree 
of mixing required is completel}' impractical and 
would appear to be of academic interest only. 

(c) On the other hand, the use of preneutralized 
Carbopol mucilage eliminates the formation of 
precipitate ( — COO — Zn — OOC — ) as occurred in 
(c) and avoids the necessity of the tremendous 
amount of mixing employed in (d) 

This may be illustrated by the following results 
utilizing the same ingredients: 


300 Gm. of a 1% Carbopol 
dispersion plus 10 ml. 
10% NaOH 

1.65 Gm. of zinc oxide 
added with three min- 
utes mixing on Waring 
Blendor 

10% additional zinc oxide 
added to formulation 

Aged twenty-four hours 


pH 

Viscosity, c.p.s. 

7.1 

42,500 

8.5 

34,200 


(smooth, good) 

8.6 

36,500 


(smooth, good) 

8.6 

46,000 


(smooth, good) 


reported its use as an emulsifying agent when used 
with such substances as liquid petrolatum, cod liver 
oil, cotton seed oil, and turpentine oil. 

When this agent is used as an emulsion stabilizer 
in a si'stem involving other emulsif 5 dng agents, 
excessive amounts of Carbopol are necessary due to 
the ionic deswelling produced bj' the sodium ion, if 
the other agent be sodium stearate, sodium oleate, 
or a similar substance. Such emulsions are easily 
prepared by either the "dr}’” or “wet” gum method. 
To prepare an emulsion by the drj' gum method, 
the oil was placed in a dry mortar and the desired 
quantity of the sodium salts was thoroughl}' in- 
corporated. Water was then added, in portions; 
emulsification taking place while triturating. The 
appearance of the preparation improved considerably 
after it had been passed through a hand homogcuizer 
several times. 

To utilize the wet gum method, a mucilage was 
prepared from the dry sodium salt by the addition of 
water with constant agitation. The oil was added, 
in portions, with constant trituration. In this case 
also, the use of the hand homogenizer greatly im- 
proved the appearance of the product. 

These emulsions may be more convenient!}’ pre- 
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Table I — Suspensions Prepared Using Dry Sodium Salt op Carbopol 934 (Observations Made 

AFTER Ninety-Six Hours) 


Substances Used 

Oil of pine tar, 5%, tri- 
ethanolamine, 1 5% 

Coal tar, 5% 

Iclithammol, 10%, glycerin, 
3% 

Sulfur, 5%, glycerin, 3% 

Starch, 10%, glycerin, 3% 

Benzocaine, 5%, neocala- 
mine, 16%, glycerin, 3% 

Bismuth subcarbonatc, 5%, 
glycerin, 3% 

Zinc oxide, 10%, glvcerin, 
3% 

Aspirin, 8% 

Calamine, 8%, Zinc oxide, 
8% , Glycerin, 4% 


0 25% 

Slight separation 

Shakes in n ell 

5% separation, good 

No separation, good 

Carbopol Salt 

0 5% 

No separation 

No separation, too 
thick 

0 75% 

5% separation, good 
40% separation, poor 

No separation, good 
No separation, good 
No separation, good 


Slight separation, good 

No separation, good 


Granular, poor 

30% separation, poor 

Granular separation 

0 65% Carbopol salt, 
no separation, good 

0 65% Carbopol salt, slignt 
separation, good 

Poor 


Table II — Emulsions Using Dry Sodium Salt of Carbopol (Observations Made after One Hundred 

Twentx' Hours) 


0 IS 

Liquid petrolatum, 

S0% 

Cod liver oil, 50% 2% separation 

Benzyl benzoate, 

25% 

Cottonseed oil, 50% 

Turpentine oil, 15% 


0 25 
No separation 

No separation 

20% creaming 15% creaming 
35% separation 30% separation 


l 2 

No separation 


No separation 

No separation, 
too thick 

No separation No separation 


■Percentages of Carbopol Salt Usecl- 
0 5 


pared in a mixer (such as a Waring Blendor) by 
adding the oil and mucilage followed by high speed 
agitation 

The results of our studies, utilizing the dry sodium 
salt, are presented in Table II 

The advantage and speed of the present method are 
emphasized as being more desirable than other 
methods (1) which require the use of a solution of 
the neutralizing agent of the desired percentage 
strength or the weighing, each time, of the proper 
quantity of neutralizer 

SUMMARY 

Satisfactory suspensions and emulsions of a 
number of commonly employed medicinals were 


prepared with the use of the dry sodium salt of 
Carbopol. In general, 0.5% of the drj' sodium 
salt appears to be the optimum concentration for 
suspending purposes. 
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Sterility of Antibiotic Ophthalmic Ointment* 

By FRANCES W. BOWMAN and SIMON HOLDOWSKY 


A survey was conducted to determine the 
sterility of antibiotic ophthalmic ointments. 
Forty-six samples representing nineteen 
batches were tested. Only 10 per cent of 
the batches were found contaminated, in con- 
trast to approximately six times that per- 
centage reported by other investigators. 

T his study was prompted by the recent find- 
ings of Vander Wyk and Granston (1) that of 
twenty-eight samples of antibiotic ophthalmic 
ointments tested, seventeen were nonsterile. 
While the antibiotic regulations’ governing the 
certification of such preparations do not require 
sterility testing, the Food and Drug Administra- 
tion does insist that the manufacturing facilities 
be capable of producing essentiall}' sterile prod- 
ucts. Under the certification program (2), anti- 
biotic ointments were tested for microorganism 
count from 1947 to 1950. During that time it 
was found that the incidence of contamination in 
ointments was very low. This finding resulted in 
a recommendation for discontinuance of such 
tests, and they were deleted from the antibiotic 
regulations in 1950 (3). 

The method employed by Vander Wyk and 
Granston (1) differed from the former official 
method (2), and appeared to offer certain ad- 
vantages in the efficiency of organism recovery. 
The old method consisted simply of squeezing ap- 
proximately 0.1 to 0.5 Gm. of ointment on to the 
surface of 20 ml. of nutrient agar in a Petri dish. 
After the ointment was spread evenly over the 
agar with a sterile glass rod, the Petri dish was in- 
cubated at 37° for fortj'-eight hours. From the 
number of colonies appearing on the plate, the 
number of viable microorganisms per gram of 
ointment was calculated. The method of Vander 
W 3 'k and Granston introduces a dispersion step in 
which the ointment is shaken for one hour at 
room temperature with sterile glass beads in 25 
ml. of distilled water. Three 1.0-ml. aliquots are 
then placed in Petri dishes, mixed with melted 
blood agar, and incubated at 37° for twent.v-four 
hours. 

EXPERIMENTAL 

Forty-six commercial tubes of antibiotic opbtluil- 
mic ointment were tested Ity the procedure of Vander 
Wyk and Granston ( 1 ). These represented 10 

* Received 13, lO.'S, from tlie Rood and Drug Ad- 

ministnition, U S Dept of Health, Kdneation, and ^^'clfarc. 
Waslungton 23. DC. 

* The antibiotic rcRidations arc issued nnder section 307 
of the redcral Rootj, Dnip, and Co’tmclic Act 


batches from 10 manufacturers. All tubes were 
labeled to contain */s of an ounce of ointment. 

Results. — ^As shown in Table I, contamination 
was detected in only two batches, both from the 
same manufacturer. In one of the batches, one tube 
tested was sterile while the other was not. In the 
other contaminated batch, six tubes were tested and 
all were found to be nonsterile. Both bacteria and 
molds were observ'ed in each case. That these find- 
ings were not due to chance contamination is sup- 
ported by negative findings with nine other batches, 
seven in duplicate, one in sextuplicate, and anotiter 
with eight replicates. 


Table I.— Sterility Tests on Antibiotic 
Ophthalmic Ointment 



Organisms/ 

Type of Ointment 

Penicillin G, 100,000 units/Gra. 

Gm. 

Batch 1 (1 tube) 

0 

Batch 2(1 tube) 

0 

Batch 3 (2 tubes) 

Penicillin G, 10,000 units/Gm. (1 Batch, 2 

0 

tubes) 

Penicillin G, 1,000 units/Gm. 

0 

Batch 1 (2 tubes) 

0 

Batch 2 (2 tubes) 

Bacitracin, 500 units/Gm. 

0 

Batch 1 (6 tubes) 

0 

Batch 2 (8 tubes) 

Chloramphenicol, 1% 

0 

Batch 1 (1 tube) 

0 

Batch 2(1 tube) 

Chlortetracvcline Hydrochloride, 1 % 

0 

Batch 1 (1 tube) 

Bacitracin, 500 units/Gin., and Neomycin 
Sulfate, 5 mg./Gm. 

0 

Batch 1 (2 tubes) 

Bacitracin, 500 units/Gm., and Polymyxin 
B Sulfate, 10,000 units/Gm. 

0 

Batch 1 — tube 1 

0 

Batch 1 — tube 2 

79 

Batch 2 — tube 1 

30 

Batch 2 — tube 2 

84 

Batch 2 — tube 3 

28 

Batch 2 — tube 4 

22 

Batch 2 — tube 5 

22 

Batch 2 — tube 6 

Bacitracin. 400 units/Gm., Neomycin Sul- 
fate, 5 mg./Gm., and Polymyxin B 
Sulfate, 3,000 units/Gm. 

42 

Batch 1 (2 tubes) 

0 

Batch 2 (2 tubes) 

0 

Batch 3 (2 tubes) 

Bacitracin, 500 uiiits/Gm., Neomycin 
Sulfate, 5 mg./Gm., and Polym\-xin 

B Sulfate, 5,000 units/Gm. 

0 

Batch 1 (2 tubes) 

Bacitracin, 500 units/Gm., Neomycin 
Sulfate, 3 mg./Gm,, and Polymyxin B 
SulLate. 10,000 units/Gra. 

0 

Batch 1 (1 tube) 

0 


DISCUSSION 

Our findings do not fully corroborate those of 
Vander Wyk and Granston. -Assuming that each of 
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the 28 samples tested by them represented a different 
batch, only 39% of the antibiotic ophthalmic oint- 
ments were sterile. Of the 19 batches tested by us, 
about 90% were sterile, a finding which agrees essen- 
tially both with four years’ experience in testing anti- 
biotic ointments from 1947 to 1950 and with results 
of a survey of ointments containing sulfonamides 
(4). 

SUMMARY 

Forty-six samples of antibiotic ophthalmic 
ointments were tested for sterility. Of the 19 


batches represented, 90 per cent were sterile. 
This Would indicate that the status of these oint- 
ments respecting the degree and incidence of con- 
tamination is more satisfactory than would be 
gathered from the results obtained by Vander 
Wyk and Granston. 
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Influence of Dissolution Rate and Surface on 
Tetracycline Absorption* 

By EINO NELSON 

With the Technical Assistance of YOKO YUZURIHA 

Tetracycline absorption was studied by means of excretion rate measurements in 
humans after 200-mg. doses of tetracycline or its salts. A direct correlation was 
found between excretion rate at one, two, and three hours and in vitro solution rate 
of the drugs when the dose was given in the form of two 0.95-cm. diameter pellets. 
Differences in rate were less noticeable when the dose given consisted of particles 
having an average diameter of 100 microns. The absorption of tetracycline, tetra- 
cycline phenolsulfonphtbaleinate, and tetracycline sodium hexametaphospbate com- 
plex was rate-limited by in vivo solution rate to some degree. Tetracycline hydro- 
chloride absorption was rate-limited by the absorption process itself. The bases 
for these correlations were discussed. The mathematics of urinary excretion was 
considered to the extent of pointing out the relationship between excretion rate and 

blood level. 


' I *HE ABSORPTION of tetracycline after oral 
-*• ingestion b)'^ humans has recently been the 
subject of many investigations (1-7). These 
studies have dealt, for the most part, with serum 
levels obtainable when tetracycline or its salts 
were taken with or without additives by the oral 
route. With the exception of the study in which 
rather marked depression in serum levels was 
obtained when tetracycline hydrochloride was 
given with dicalcium phosphate (4), no clear 
picture has emerged to explain what factor or 
factors control the absorption of tetracycline. 

In all of the investigations cited above, no 
attempts were apparently made to control or 
characterize the physical form of tetracycline in 
the capsules used as the dosage form. On the 
basis of particle size alone, which determines 
initial surface presented to dissolution mediums 
after ingestion, differences in blood levels should 
reasonably be expected in accordance with the 
results found in studies on sulfonamides (8, 9). 
In these two studies, micronized powdered 
sulfonamides gave higher levels than micro- 

* Received June 11, 1958, from the School of Pharmacy, 
University of California Medical Center, San Francisco 22. 


crystals. Another consideration in absorbability 
relates to the intrinsic solution rate properties 
of the same base compound in the form of different 
salts. This consideration, as well as the expected 
effect of other factors influencing solution rate of 
drugs at absorption sites, has been discussed 
recently (10-12). 

It is only reasonable to expect that physical 
and physical-chemical factors should influence 
tetracycline absorption when the nature of the 
absorption process itself is considered. According 
to a recent report (13), tetracycline appears to be 
absorbed by free diffusion. An "absorption 
enhancement’’ due to additives or a particular 
salt used could not occur in this case since this 
would require involvement with a transport 
mechanism in absorption. Even if a transport 
mechanism were involved in tetracycline absorp- 
tion, availability of drug in solution at absorp- 
tion sites would still be required and it is con- 
ceivable that the rate-limiting step could be the 
rate of the solid to solution step. With absorp- 
tion by free diffusion, the overall absorption 
process is even more susceptible to being con- 
trolled in rate by the rate of dissolution of drug at 
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absorption sites because of the concentration 
dependency of this process. 

In comparative studies of the type which have 
been made on tetracycline, the considerations of 
effect of chemical nature of drug on absorbability 
are not pertinent since, regardless of the salt or 
mixture used, the same drug is involved in absorp- 
tion. The dependency of absorption on pK and 
fat solubility of drugs is discussed (14-16) and 
the hypothesis advanced is involved in tetra- 
cycline absorption as such. 

Another factor could have an influence on the 
overall absorption process of tetracycline. This 
is concerned with presence of materials in gastro- 
intestinal tract capable of binding tetracycline 
and reducing its availability for absorption. 
Possibly, additives given with tetrac)mline could 
inhibit or prevent this occurrence, but no judg- 
ment of effectiveness is possible until the influence 
of the physical and chemical factors also involved 
is controlled and reproduced for successive trials 

The present report gives the results of excretion 
rate studies on tetracycline given in several 
different chemical and phy'sical forms and dis- 
cusses correlations that e.xist between these 
results and the physical-chemical property of 
solution rate and factors affecting this rate. This 
report also discusses the nature of the mathe- 
matical relationship between excretion rate and 
blood level. 

EXPERIMENTAL 

Materials and Assay. — The substances used in 
tests included tetracycline hydrochloride, tetra- 
cycline sodium hexametaphosphate complex, and 
tetracycline ‘ Some tests were also made using 
the phenolsulfonphthalein salt of tetracycline - 
The activity of these preparations, when assayed by 
the cylinder-plate method (17) using Bacillus ccreiis 
var. inycoides as the test organism, is shown in 
Table I. This was also the assay procedure for 
urine samples Urine samples were kept at 1° 
until diluted with 0.1 it/ monobasic potassium phos- 
phate. Dilutions were usually made within twenty- 
four hours Diluted samples were also stored at 1° 
and usually ass.ayed within three days or less 
Blank urine samples were treated and assayed in the 
same manner. 

Subjects. — The test panel consisted of ten adult 
humans all in apparent normal liealtli.’ The ages 


> These pure materials were supplied at various times by 
the Bristol Laboratories, E R Squibb and Sons, and the 
Chas Pfizer Co The author is grateful for Ibis assistance 
The tetracycline sodium hexametaphosphate complex tvas 
supplied by the Bristol Laboratories 

t Made bv tnmng aqueous sotnVions ot tctracyctine b> dro- 
chloridc and the monosodiiim salt ol phenolsulfonphthalein in 
stoichiometric quantities, collecting the precipitate, washing 
with set oral toliimcs of cold water, and drying over sulfuric 
acid in partial \ acuum at room temperature The dried ma- 
tcrnl a .as used without further purification in all tests This 
compjiund a ill he referred to ns tctracjclmc PSP 

Ibis ttorL was facilitated by a most coopcratiae test 
panel to whom the author is indebted. 


and weights of the subjects are given in the first 
entry in Table II, The ten subjects were not all 
used in every cross comparison. Their participation 
in tests is indicated by the entries in Tables II and 

III. 

Conduction of in Vivo Tests. — The dosage forms 
n ere taken on either a fasting stomach in tbe morn- 
ing or at least one hour after a toast and coffee 
breakfast according to the individual preference of 
the subjects No food was taken for at least one 
hour after ingestion of the dosage form. Each 
subject was instructed to drink water in an amount 
sufficient to allow him to collect urine samples at 
least at one, two, four, and eight hours The vol- 
umes voided were noted and an aliquot taken for 
assay One week usually elapsed between tests 

Preparation of Dosage Forms. — Two types of 
dosage forms were used In the first type, two 
pellets of each material 0 95 cm in diameter and 
about 0 15 cm thick, pressed at about 1000 Kg /sq 
cm and containing 200 ± 10 mg of tetrac 3 'cline 
hj'drochloride activitj' were packed in 000 capsules 
with 200 mg sodium bicarbonate interspersed 
between the pellets and in the ends of the capsule 
The pressings were made by a technique previously' 
described (11). In the second type of dosage form, 
small particles made by grinding pellets of the type 
described above and sieving to collect the 115/200 
(Tyler series) mesh fraction were packed in 00 
capsules after loosely mixing with 200 tng sodium 
bicarbonate Each capsule contained 200 db 1 mg, 
tetracjxline hj’drochloride equivalent Prior to 
placing pellets in capsules or grinding to prepare 
small particles, the lubricant remaining on their 
outer surfaces as a result of the compression process 
was removed by rubbing with a fine grade emery 
cloth. The dosage lorms were taken within a day of 
preparation to avoid reaction between the salts and 
sodium bicarbonate. 

The pellets formed by’ the process described were 
quite hard Soaking in water at room temperature 
did not cause excessive disintegration in times up to 
two hours. 

In Vitro Solution Rate Tests. — The same mate- 
rials used in in vivo studies were compressed into 
pellets 1 3 cm in diameter and about 0 3 cm thick 
by the technique and at the same pressure used in 
preparing the smaller pellets for in vivo tests. The 
dissolution rates of these pellets at 57 ± 2° in simu- 
lated gastric fluid (18) and in two simulated intes- 
tinal fluids (19) were measured by a free convection 
method (II). The simulated intestinal fluids were 
the neutral and alkaline solutions described in the 
cited report (19). 

RESULTS AND DISCUSSION 

Excretion Data. — Tables II and III summarize 
the excretion data collected in all tests including 
volumes of urine collected Since it was not prac- 
tical always to collect urine specimens at the even 
hour headings shown in these tables, the tabulated 
data represent values read at the stated intervals 
from individual plots of cumulative amounts ex- 
creted with time The urine volume data for 
table entry were obtained in the same way except 
that linear interpolation was used to find volumes at 
even hours With tetracycline excretion data, 
interpolations were made on the best line through 
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the experimental points This procedure was 
desirable since the amount excreted at various fixed 
times was necessary for interpretation of results 
Interpretation of Excretion Data. — The potential 
of excretion data to evaluate drug absorption does 
not appear to be generallj' recognized in spite of a 
considerable amount of data in the literature de- 
scribing drug absorption, distribution, and ex- 
cretion kinetics validating its use (see, for ex- 
ample, references 20-23) For those drugs that 
are eliminated in whole or in part unchanged in the 


Table I — Activity of Preparations used in 
Studies” 


Preparation 

Theoretical 

Found 

Tetracycline HCl 

100 

100 

Tetraej'cline sodium hexa- 
metaphosphate complex 


70 

Tetracycline PSP 

CO 

63 

Tetracycline 

108 

90 


“ Expressed in terms of per cent of activity of a sample of 
commercial tetracycline hydrochloride taken as standard 


urine and that show an exponential decay in concen- 
tration in the blood stream after drug in blood is in 
equilibrium with the other fluids of distribution, 
excretion rate is directly proportional to the amount 
of drug in the blood. Hence, 

^ = ka, (Eq. 1) 

where a, is the amount excreted in time /, is the 
amount of drug in the blood, and A is a constant 
characteristic for a given drug and incorporates the 
specific elimination rate constant and the fraction of 
drug eliminated via the kidne 3 ' (25) Equation 1 
assumes that clearance does not change with urine 
cliniinatioii rate. 

In some of the work described in this paper, it was 
not necessary to know the value of the constant k 
since it canceled in anj' comparison which was a 
ratio of excretion rates Thus, when mean excretion 
rates at a given time from two preparations were 
compared, their ratio was the ratio of blood levels 
at the same time. 


Table II — Excretion Data from Single 200-mg Doses of Tetracycline in Pellet Form” 


Cumulative mg of Tetracycline and ml Urine Excreted to Various Times in Hours 


Subject 1* 

'~1 0 

2 0 

-mg as 

3 0 

Hydrochloride 

4 0 0 0 

8 0 ' 

1 0 

2 0 

—Urine Volume, ml 
3 0 10 

0 0 

8 0 

E (39-77) 

1 0 

5 6 

10 0 

13 1 

Tetracycline PSP 

18 1 22 0 740 

1080 

1240 

1350 

1470 

1600 

S (33-57) 

0 5 

3 8 

8 6 

14 0 

19 3 

21.5 

60 

120 

190 

270 

430 

520 

B (28-82) 

0 4 

3 0 

5 8 

7 9 

11 3 

14 2 

30 

60 

90 

120 

200 

280 

T (23-75) 

1 0 

4 4 

8 6 

11 7 

16 5 

20 1 

60 

110 

160 

200 

220 

340 

N (21-77) 

0 

4 0 

13 5 

21 3 

34 5 

45 6 

80 

200 

270 

340 

440 

540 

H (26-73) 

0 5 

2 5 

5 9 

9 8 

14 7 

17 8 

50 

170 

450 

740 

830 

930 

L (30-59) 

0 2 

2 1 

5 2 

8 8 

12 6 

14 2 

50 

200 

370 

540 

820 

1070 

A (2A-84) 

0 2 

3 8 

8 5 

12 4 

18 3 

23 9 

40 

120 

200 

290 

520 

750 

J (23-61) 

1 1 

4 2 

6 2 

7 0 

9 0 

9 5 

150 

460 

560 

660 

770 

870 

R (26-84) 

0 3 

1 6 

4 7 

8 0 

12 1 

13 5 

40 

60 

80 

110 

140 

180 

Mean 

0 5 

3 5 

7 7 

11 5 

16 6 

20 2 

130 

258 

361 

462 

584 

708 

E 

0 5 

4 5 

Tetracycline Sodium He.xametaphosphate Complex 

11 0 16 8 25 9 33 0 500 650 790 

880 

1020 

1150 

S 

2 0 

11 3 

17 1 

21 5 

28 0 

33 0 

50 

60 

140 

160 

270 

380 

B 

0 2 

2 6 

6 2 

11 0 

21 3 

30 6 

30 

70 

110 

150 

300 

490 

T 

0 3 

4 6 

10 6 

15 0 

21 0 

25 6 

30 

70 

no 

150 

230 

300 

N 

4 7 

9 8 

17 3 

26 0 

37 4 

45 1 

490 

790 

870 

950 

1090 

1210 

H 

0 

0 6 

2 3 

4 9 

11 0 

17 9 

30 

60 

130 

740 

340 

460 

L 

0 1 

1 7 

4 4 

7 7 

12 5 

15 9 

30 

80 

100 

130 

200 

260 

A 

1 5 

6 8 

13 8 

24 1 

32 8 

40 0 

70 

230 

450 

690 

800 

920 

J 

1 6 

8 5 

14 8 

19 2 

26 2 

32 7 

40 

90 

150 

220 

380 

540 

R 

0 3 

3 0 

6 5 

11 0 

21 5 

32 8 

40 

120 

150 

190 

260 

330 

Mean 

1 1 

5 3 

10 4 

15 7 

23 8 

30 7 

131 

222 

300 

426 

489 

604 

E 

3 5 

11 9 

19 5 

Tetracj^cline Hydrochloride 
25 3 34 2 42 9 370 

640 

730 

830 

970 

1140 

S 

1 9 

10 5 

22 0 

29 5 

41 0 

50 5 

190 

270 

340 

400 

500 

620 

B 

1 8 

6 5 

12 5 

17 5 

26 3 

34 0 

30 

80 

110 

140 

200 

310 

T 

2 0 

9 5 

16 7 

22 8 

32 9 

42 0 

100 

170 

220 

270 

350 

430 

N 

5 5 

20 8 

29 5 

36 0 

46 1 

54 4 

230 

390 

420 

470 

350 

660 

H 

3 1 

13 0 

22 0 

28 0 

38 4 

46 9 

30 

90 

190 

280 

360 

450 

Mean 

3 0 

12 0 

20 4 

26 6 

36 5 

45.1 

158 

273 

335 

398 

455 

602 

E 

0 3 

0 5 

0 7 

0 8 

Tetracycline 
10 12 

280 

430 

580 

620 

690 

770 

S 

0.1 

1 3 

2 9 

4 0 

5 4 

6 0 

200 

330 

460 

590 

680 

840 

B 

0.4 

2 8 

6 2 

9.5 

14 9 

19 5 

SO 

90 

130 

180 

310 

450 

T 

0 

1 3 

3 0 

4.2 

5 9 

6 4 

40 

70 

320 

490 

640 

800 

N 

0 

1 9 

5 0 

7 5 

11 0 

12 8 

80 

140 

190 

250 

350 

450 

H 

0 3 

1 1 

1 8 

2 3 

3 2 

4 0 

40 

100 

340 

590 

780 

970 

Mean 

0 2 

1.5 

3.3 

4.7 

6 9 

8 3 

115 

193 

336 

453 

575 

713 


“ All doses on the basis of 200 d= 10 mg tetracycline hydrochloride equivalent 
6 Bracketed numbers are subject's age in years followed by his weight in Kg 
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Table III — Excretion Data from Single 200-mg Doses or Tetracycline in the Form of Small 

Particles" 


Cumulative rag of Tetracycline and ml. Urine Excreted to Various Times in Hours 


Subject 

" 1 0 

2 0 

mg as Hydrochloride 

3 0 4 0 0 0 

8 0 ' 

1 0 

a 0 

—Urine 
3 0 

Volume, ml ■ 
4 0 

0 0 

8 0 

E 

2 5 

10 4 

17 4 

Tetracycline Hydrochloride 
23 0 31 9 39 4 250 

670 

670 

790 

940 

1090 

s 

2 2 

8 8 

15 0 

20 2 

28 8 

36 3 

270 

510 

590 

790 

950 

1100 

B 

1 1 

6 0 

13 0 

21 5 

32 2 

39 7 

30 

60 

70 

120 

220 

330 

T 

2 2 

7 2 

14 2 

22 5 

34 8 

44 3 

50 

80 

130 

180 

260 

350 

N 

0 

3 3 

10 4 

21 0 

38 3 

52 0 

70 

150 

190 

230 

300 

370 

Mean 

1 6 

7 1 

14 0 

21 6 

33 2 

42 3 

134 

272 

330 

422 

534 

648 

E 

2 0 

8 7 

Tetracycline Sodium He.xametaphosphate Complex 
17 9 24 0 33 0 40 0 270 530 590 

650 

760 

870 

S 

3 0 

10 0 

20 2 

29 5 

37 9 

42 5 

70 

150 

260 

380 

630 

920 

B 

3 2 

8 5 

15 0 

22 8 

35 2 

45 4 

50 

100 

160 

180 

250 

330 

T 

2 2 

11 2 

20 5 

26 0 

33 4 

42 0 

40 

SO 

200 

250 

320 

390 

N 

0 

8 0 

20 2 

29 4 

42 2 

52 6 

220 

550 

610 

690 

820 

920 

Mean 

2 1 

9 3 

18 8 

26 3 

36 3 

44 5 

130 

282 

362 

430 

556 

686 

E 

2 5 

9 3 

16 2 

21 2 

Tetracycline 
28 9 34 9 

320 

640 

770 

900 

1090 

1180 

S 

2 9 

8 8 

17 1 

27 2 

46 0 

59 6 

170 

600 

790 

970 

1010 

1220 

B 

2 1 

6 3 

11 8 

17 2 

25 5 

32 0 

70 

110 

130 

160 

240 

320 

T 

1 0 

7 2 

17 9 

27 0 

39 4 

49 0 

50 

100 

150 

200 

270 

330 

N 

1 0 

5 0 

11 7 

20 5 

36 5 

48 2 

600 

710 

780 

840 

910 

960 

Mean 

1 9 

7 3 

14 9 

22 6 

35 3 

44 7 

242 

432 

524 

614 

704 

802 


“ AH doses on tbe basts of 2Q0 ± 1 mg tetracycline hydrochloride equivalent Average diameter of particles, 100 p 


It is not possible, in general, to obtain instantane- 
ous excretion rates, hence average values must be 
used In this paper, excretion rates are the average 
hourly values calculated from the slope of the mean 
cumulative amount vs time e.xcretion curve For 
example, excretion rates at one hour represent the 
difference between the amounts excreted at one-half 
and one and one-half hours When the interval for 
calculating mean rates was shortened to one-half 
hour, no substantial differences in values were 
found The need for instantaneous rates becomes 
less important as the time of elimination and time 
for absorption increase Tetracycline is eliminated 
rather slowly ivith a half-life in the blood stream of 
about eight hours (24) 

Solution Rates in Vitro. — Table IV summarizes 
the values found with the materials and mediums 
used in tests The average value shown was calcu- 
lated by weighting the mean value in simulated 
intestinal fluids by a factor of 5 It was thought 
that a value weiglitcd in this manner should more 
correctly represent the m vivo exposure of drugs to 
dissolution medium than a simple average of the 
iH viiro rates 


Table IV — In Vitro Solution Rates" 


■Simulated Mcdiumv 


Material 

Oa«itnc 

Neutral 

Intes- 

tinal 

AlKa 

line 

Intes 

tinal 

Mean^' 

Tetracycline HCl 

4 

1 

7 8 

3S 

20 

Tetracycline sodium 
hexametaphos- 
phalc complex 

6 

1 

1 7 

20 

12 

Tetracycline PSP 

1) 

12 

0 09 

3 0 

1 3 

Tetracj elinc 

2 

0 

< 001 

<0 001 

0 4 


" ms 'nun cm * 
** See text 


Correlation Between Excretion Rate and in Vitro 
Solution Rate in Pellet Tests. — The cumulative 
amounts excreted and excretion rates found when 
the pelleted preparations were taken are shown in 
Figs 1 and 2 An examination shows a marked 
difference among the preparations tested both in 



Fig 1 — Difference in amounts excreted and in 
excretion rate at various times uhen doses of tetra- 
cycline equivalent to 200 mg. of the hvdrochloride 
were taken m the form of pellets as the sodium he.xa- 
nietaphosphate complex (open circles) and as the 
hydrochloride itself (open squares) 
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Fig 2 — Difference in amounts eNcreted and in 
excretion rate at various times when doses of tetra 
cicline equivalent to 200 mg of tlie hydrochloride 
were taken in the form of pellets as the PSP salt 
(open circles) and as tetracjcline (open triangles) 
Curve for the hydrochloride from Fig 1 included tor 
reference (open squares) 

total amounts excreted and excretion rates at any 
given time When the excretion rates at one, two, 
and three hours were plotted against the solution 
rates determined tn vilro, a definite correlation was 
seen to exist between these quantities This is 
shown m Fig 3 This comparison is arbitrary, but 
It does indicate qualitatively the dependence be- 
tween the quantities 

The initial surface area presented to gastrointes- 
tinal fluids when these preparations were taken was 
about 2 8 sq cm Under these conditions, there 
can be no doubt that tn vivo solution rate was rate 
limiting in absorption 

In the curves shown on Figs 1 and 2, the data 
were obtained from ten subjects in the case of the 
sodium hexametaphosphate complex and PSP salts 
and from six subjects (included in the ten) in the 
other cases No substantial change m the curves 
resulted when the mean excreted amounts from the 
basic six subjects onlj were used This will be dis 
cussed further, later m this report 

Excretion Rate from Small Particle Preparations. 
— An examination of Fig 4 shows that when tetra 
cj dines were given in a form where mtial surface 
w as relatively large as compared to the pellets, the 
mean amounts excreted and mean excretion rates 
were almost the same The particles used to fill the 
capsules here had an average diameter of about 
100 p On the basis that all particles w ere spherical 
with this diameter and possessed a densitv of 1 4, 
the initial surface area for tetracj dine hj drochlonde 
contained in capsules was about 85 sq cm For 
tetracjcline sodium hexametaphosphate complex 
' the value of the same quantity was about 115 sq 



40 e.O 12.0 160 200 


IN VITRO SOLUTION RATE 
M6 TETRACYCLINE HCI 
MIN. CM.* 

Fig 3 — Correlation between excretion rate at one, 
two, and three hours and in vitro solution rate when 
various tetracyclines were taken in the form of 
pellets Points, from left to right on all diagrams 
are, respectively, tetracycline, tetracjmhne PSP, 
tetracycline sodium hexametaphosphate complex, 
and tetracj dine hj drochlonde 


cm , since this material is less active than the 
hj drochlonde salt There was a significant differ 
ence m amounts excreted at three hours between 
these two preparations as will be discussed later 
Companson of Excretion Rates from Tetracycline 
Salts m Pellets and as Small Particles. — ^The 
combined effects of intrinsic solution rate and initial 
surface area are well illustrated in Figs 5, 6, and 7 
With tetracycline, which possessed the slowest 
intrinsic solution rate of all the materials tested, the 
effect of increased surface area was extremely pro 
nounced Since this material dissolved quite rapidly 
in simulated gastric fluid, it is likely that m most 
cases the drug dissolved in the storaaeh when the 
eapsules were taken The necessity for large 
initial surface areas became less important with 
increase in intrinsic solution rate of the material used 
as is illustrated in the curves of Figs 6 and 7, 
respectively, for the sodium hexametaphosphate 
complex and hydrochloride salts The differences 
between excretion rates from pellets and eapsules 
decreased as intrinsic solution increased In fact. 
It appeared that the initial surface area needed with 
the hj drochlonde salt was no greater than that 
available in the pellets of this material, since excre- 
tion rate was actually greater with pellets than with 
100 M particles It was apparent from these results 
that tn VIVO solution rate was not overwhelmingly 
rate limiting in absorption when the hydrochloride 
salt was used 
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Fig. 4. — Nature of cumulative amount excreted 
and excretion rate curves when two tetracycline 
salts and tetracycline were taken in capsules con- 
taining particles with 100 ^ average diamet<w. 
Solid squares — tetracycline hydrochloride, solid 
circles — tetracycline sodium hexametaphosphate 
complex, and solid triangles — tetracycline. All 
doses equivalent to 200 mg. of tetrac}'’cline hydro- 
chloride. 


Significance of Differences in Results. — An e.x- 
amination of the individual entries in Tables II and 
III shows that relatively large variations occurred 
even though the means of entries indicated definite 
trends as has been discussed in preceding sections. 
The means of amounts excreted to one, two, and 
three hours were tested for significant differences by 
the / test and the results are summarized in Table V. 

Since there was a significant difference between 
mean amounts excreted when pellets of the hydro- 
chloride and sodium liexametaphospliate complex 
were compared, the results were significant between 
tetracycline hydrochloride and all the other materials 
used in pellets. The differences between the hydro- 
chloride and sodium hexametaphosphate existed 
also in the case where the comparison ivas made 
with the basic six crossover subjects. 

The differences between mean amounts e.xcretcd 
of tetracycline sodium hexametaphosphate complex 
and the PSP salts were not significant in spite of the 
fact that the e.xcretion rates of these two materials 
were of the correct order in comparison to their 
ill vitro solution rates. An examination of Fig. 3 
shows, however, that the excretion rate of tetra- 
cycline PSP was much more rapid than its i« vitro 
solution rate should allow when considered with the 
other materials. It was likely that the in vivo 
solution rate differences between these two sub- 
stances were much less than that the differences 
indicated by the results of in vitro measuremets. 

It might be thought that an explanation for the 
significant differences in 



Fig. 5. — Difference in cumulative amount ex- 
creted and excretion rate curves when tetracycline 
was taken as pellets and as particles tvith average 
diameter of 100 ft. Dose: 200 mg. tetracycline 
hydrochloride equivalent. Solid triangles — tetra- 
cycline as 100 n particles and open triangles — as 
pellets. 




Fig. G.— Difference in cumulative amount ex- 
cret^ and averetion rate curves when tetracycline 
sodium hexametaphosphate complex was taken as 
pellets and as particles with average diameter of 100 
p. Dose: 200 mg. tetracycline hydrochloride equiv- 
alent. Solid circles — 100 p particles and open 
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Fig 7 — Illustrating a case, by cumulative amount 
excreted and excretion rate curves, where absorption 
of tetracycline was not rate-liraited bj' tn vtvo solu- 
tion rate Dose in each case was 200 mg tetra- 
cvcline hydrochloride Solid squares — as 100 n 
particles and open squares — as pellets 

three hours from small particles of the sodium hexa- 
metaphosphate complex and the h> drochlonde was 
m the differences m the products of in vitro solution 
rate m simulated gastric fluid and surface area be- 
tween the two materials However, other results 
indicated that in vivo solution rate was not rate- 
limiting m absorption when capsules containing 
small particles were taken Furthermore, pellets of 
hydrochloride gave mean rates greater than capsules 
of the sodium hexaraetaphosphate complex 

The last entry m Table V indicates the significance 
of the differences in mean amounts found when 
comparing absorption of tetracycline HCl from 
pellets and capsules It seems reasonable to 
assume that the occurrence was due to chance 

Dose Dispersion.— The fact that tests with cap 
sules containing relativelj' fine material gave nearlj 
identical results wdien the hj drochloride, sodium 
hexametaphosphate complex, and free base were 
compared, does not necessarily mean that capsules 
containing powdered materials would always give 
the same results In these tests all surface could be 
considered to have been made available for contact 
with gastrointestinal fluids due to the biearbonate 
content Addition of materials that would tend to 
prevent dispersion of capsule contents could be 
logically expected to hinder in vivo solution and, 
hence, absorption 

Sodium bicarbonate or effervescent mixtures 
based on sodium bicarbonate have been employed 
to increase the rate of absorption of sulfathiazole and 
acety Isalicylic acid (26) It was shown that when 
about 2 0 Gm of sodium bicarbonate were given 
with these drugs, the rate of build-up of blood con- 
centration with time was much more rapid than 


Table V — Significance of Difference Between 


Means of 

Amounts Excreted from Several 
Preparations (t Test) 

/, calculated 

1 0 Hour 2 0 Hours. i 0 Hours 

Pellets of Tetracycline Hydro- 
chloride and Sodium Hexameta- 
phosphatc Complex 
( 14 Degrees of Freedom, t — 2 15") 
2 48 3 31 3 56 

/, calculated 

Pellets of Tetracycline Hy'dro- 
cliloride and Sodium Hexameta- 
phosphate Complex 
( 10 Degrees of Freedom, / = 2 23“) 
1 78 2 47 2 88 

/, calculated 

Pellets of Tetracycline Sodium 
Hexametaphosphate Complex and 
PSP 

(IS Degrees of Freedom, / = 2 0") 
1 27 1 65 1 39 

/, calculated 

Pellets of Tetracy'cline PSP and 
Tetracy'cline 

(14 Degrees of Freedom, t ~ 2 15“) 
1 56 3 66 2 64 

/, calculated 

Capsules of Tetracycline Sodium 
Hexametaphosphate Complex and 
Hydrochloride 

(8 Degrees of Freedom, 1=2 31“) 
0 66 1 58 3 07 

t, calculated 

Pellets and Capsules of Tetracy- 
cline Hy drochloride 
(9 Degrees of Freedom, / = 2 26°) 
1 95 2 00 2 34 


® Value to be exceeded before difference between means 
can be considered significant (95% confidence) 


when it was omitted It was explained that bi- 
carbonate hastened stomach emptying and thereby 
transferred the drug to the intestines where it would 
be better absorbed Altliough stomach emptying 
time IS a factor m tetracycline absorption as a 
consequence of the pH -partition hypothesis (14-16), 
the dose used m the present work was tenfold less 
than the dose previously employed for increasing 
emptying rate (26) 

The effervescence produced by' contacting sodium 
bicarbonate and acidic gastric fluid could, on the 
basis of the solution rate concept advanced here, 
be expected to "enhance” absorption in those cases 
where absorption was rate-limited by' surface and 
intrinsic solution rate This view is reasonable 
when the marked effect of agitation on solution rate 
IS considered In fact, increased agitation seems a 
reasonable explanation for the sulfathiazole and 
acetylsahcylic acid work (26) 

Solution Rate.— The differences in in vitro solution 
rate found here were due to the influence of the 
dissolving material on its diffusion layer This 
influence has been discussed in previous publications 
concerning weak acids (10, 11) The situation is 
analogous with a material such as tetracycline even 
though Its basic function was used in salt formation 

Tolerance to Tetracycline by Subjects. — All sub- 
jects tolerated the tetracy'cline dosages well In 
two or three instances, slight stomach upset was 
noticed which could be attributed to either sodium 
bicarbonate or tetracy dine One subject developed 
a moderately severe case of urticaria after dosage 



February 1?)60 


Scientific Edition 


103 


with pellets of tetracycline hydrochloride. How- 
ever, continuation in the testing program by this 
subject after a two-wcek lapse of time was without 
further reaction to drug. 

It has been reported that tetracycline taken in 
tablets results in more frequent side effects such as 
nausea, generalized itching, diarrhea, and pruritus 
ani than tetracycline taken in capsules (27). The 
present work may offer an e.\’planation for these 
occurrences Generally speaking, capsules mat' be 
considered as “high availability” dosage forms when 
compared to tablets Degree of difference depends, 
of course, on binders, e.Tcipients, etc , used Those 
side effects arising from disturbances in the gastro- 
intestinal tract could be due to retention of undis- 
solved drug in tablets in the intestinal tract for long 
periods of time. In the few tests that were made 
here where excretion was followed to twenty-four to 
twenty-eight hours, substantial amounts of pelleted 
preparations sometimes remained unexcrcted when 
compared to amounts of tetracycline hydrochloride 
excreted in the same period This was the case in 
particular with tetracycline pellets 

SUMMARY 

When tetracycline absorption was studied bv 
means of e.xcretion rate determinations, it was 
found that intrinsic solution rate was rate-deter- 
mining in absorption providing initial surface 
area was restricted in the dosage form. With 
increased surface area of drug in the dosage form 
and with provision made to make this surface 
available to dissolution medium in vivo, it 
appeared that overall solution rate was not rate- 
limiting in absorption of this drug and its salts. 


It was also shown that excretion rate studies were 
capable of supplying comparative information on 
the blood levels of drug. 
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Studies on Glutamic Acid Decarboxylase* 

By R. P. SMITH,! G. E. CWALINA, and E. RAMSTAD 


The presence of glutamic acid decarboxylase 
activity was demonstrated in extracts of 
Papaver somnijerum and Ricim/s communis. 
The product of this reaction, 4-arainobut)Tic 
acid, was found to be present in Datura 
stramonium and Deiphiuium ajacis. It was 
identified as the only product of glutamic acid 
metabolism in squash preparations and was 
not metabolized further. 


A LTHOUGH considerable interest was aroused 
by the announcement of the discovery of 
glutamic acid decarbo.xylase in brain tissue of rats 
and mice (I-O), and in spite of the fact that this 
enzyme is by far the most predominant amino 
acid decarbo.vt'Iase found in biological systems 

•Hccci.cU from the School of Pharmney Pur.Uic Uni.cr- 
^ttv. I.afoxcttc, Ind 

t Pcllow of the PurtfHc Re.e.arch f'oiind.ation Present 
aihlress 1 st t,t . XfSC, 0’2SS<)01, 10th .Mcil Gen I.ali 
APO ISO, N V , N Y 


(7-11), neither its function nor the metabolic 
fate of the reaction product, 4-aminobutyric 
acid, are known at this time. 

Davison (12) has offered some evidence that 
different enzj-mes are responsible for the decar- 
boxylation of glutamic acid by rat brain and rat 
liver preparations. 

Rogers (13) has shown that of 35 common 
amino acids and acids concerned with respira- 
tion only L-(-f)-glutamic acid was strongty 
decarbowlated by acorn squash preparations. 
The amino group appears to be necessary for 
decarboxylation since 2-ketoglutaric acid is not 
decarboxylated under the conditions used. 

Naylor and Tolbert (14) have studied glutamic 
acid decarboxylase in green and etiolated barley 
leaves. Thev found the rate of glutamic acid 
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metabolism was faster in the light than m the 
dark Through the use of isotope tracer tech 
mque they also established that 80 per cent of the 
glutamic acid metabolized under anaerobic con- 
ditions was decarboxylated to 4-ammobutyric 
acid, and that 4-aminobutvric acid was the only 
product xn vivo from the action of glutamic acid 
decarboxylase on glutamic acid 

EXPERIMENTAL 

Manometric Approach to Glutamic Acid De- 
carboxylase Activity. — Homogenates Mere prepared 
bj mixing the fresh plant material m a Waring 
Blendor at 5° in the presenee of an appropriate phos- 
phate buffer and followed by filtration The 
Warburg Constant Volume Respirometer Mas used 
to measure carbon dioxide evolution directly in an 
atmosphere of purified nitrogen according to a 
standard procedure (15) The bath temperature 
Mas 37 5° and the shaking rate Mas 116 per minute 
M ith a stroke of 3 cm 

Using the method of Rogers (13), it was found 
that 100 Gm of acorn squash pulp extracted with 
100 cc of phosphate buffer of pH 5 8 gave favorable 
glutamic acid decarboxj lase activity when a 3 0 cc 
aliquot Mas used with 1 0 cc of L-( + ) glutamic acid 
containing 33 micromoles per cc 

Applying the above conditions to whole two- 
month-old P soiitmferuiit seedlings, a significant’ 
amount of carbon dioxide evolution was observed 
in a set of eight experimental determinations over 
the controls Glutamic acid decarboxylase activity 
was then observed in R cominums preparations of 
tMO-month-old seedlings under the same experi- 
mental conditions although it Mas necessary to 
increase the sample size to a set of 12 determinations 
to obtain the same level of significance The results 
of these experiments are summarized in Fig 1 P 
sommferiitn was then tested under the above condi- 
tions for decarboxj’lase activity against substrates 
of DL-tryptophan, dl phenylalanine, DL-tyrosme, 
and DL-dopa No significant carbon dioxide 
evolution was noted 

Manometne Approach to Glutamate and 4-Amino- 
butyrate Metabolism. — Squash homogenates as 
previousb^ described were tested for 2-ketoglutanc 
acid decarboxylase activity both with and without 
the presence of 66 micromoles of methylene blue in 
each reaction vessel to act as a hydrogen acceptor 
No decarboxylase activity could be established in 
either case 

Attempts to demonstrate oxygen uptake by 
squash homogenates and a 4 aminobutyrate sub 
strate were unsuccessful It Mas not possible to 
demonstrate the formation of succinate or succinyl 
semialdeliyde by chromatography of these reaction 
mixtures 

It was demonstrated bj' standard techniques (15) 
that the anaerobic decarboxylation of glutamic acid 
by squash homogenates exceeds the aerobic de- 
carboxylation reaction The system employed 
consisted of 1 8 cc of the standard squash homo- 


1 Criteria established at the 5% confidence le\el using the 
i distribution of Dixon and Massey, ' Introduction to Statis 
tical Analysis,” McGraw Hill Book Co, luc , New York, 
1951 



Fig 1 — Cumulative carbon dioxide evolution 
from equivalent preparations of three different plant 
materials using an L-(-f) glutamate substrate 
O Acorn squash, ® P somntferum, © R communis 

genate, 0 5 cc of the standard substrate solution in 
an atmosphere of air for the aerobic set and in puri- 
fied nitrogen for the anaerobic set A filter paper 
fan and 0 2 cc of 10% KOH were used in one flask 
of the aerobic set to take up the carbon dioxide 
evolved This 0 2 cc volume Mas equalled in all 
other flasks by additional buffer Carbon dioxide 
evolution was observed at two different pH values, 
the results are summarized in Fig 2 

Chromatographic Studies. — Paper partition chro- 
matography M'as adopted in this work as a check on 
the manometric results A two dimensional as- 
cending system of n-butanol/acetic acid/water 
(4 4 1) followed by phenol saturated with water 
was used The chromatograms consisted of sheets 
of Whatman #1 filter paper, 20 cm square, and the 
material was spotted in one corner 5 cm from each 
edge The chromatograms were stapled into cylin- 
ders and placed upright on the bottoms of commer- 
cial cylindrical chromatography chambers 

For more positive identification unknowns co 
spotted satisfactorily m the above systems were run 
in fert-butanol/methyl ethyl ketone/water (4 4 2) 
followed by ferf-butanol/methanol/water (4 5 1) in 
the second direction All of the chromatograms 
were developed by spraying with 0 1 % ninhydrin in 
chloroform, or, if acids of interest were suspected to 
be present, the ninhydrin spraying was preceded by 
0 04% bromocresol green dissolved in 95% ethanol 

In the above described fashion. 4-aminobutyric 
acid was identified as the main reaction product with 
glutamic acid in acorn squash and P somntferum 
homogenates chromatographed directly after runs 
in the Warburg apparatus Free 4-ammobutyric 
acid Mas also found to be present m equivalent prep 
arations of R commums, Datura stramonium, and 
Delphinium ajacis 

Radioactive Tracer Studies. — 2-C“-labeled 
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cumulative carbon dioxide evolution from acorn 
squash preparations at pH 5.8 and 7.4 using a l-( +)- 
glutamate substate O Anaerobic, pH 7 4; • Aero- 
bic, pH 7.4; A Anaerobic, pH 5 8, a Aerobic, pH 5.8 


glutamic acid ivas obtained having a specific 
activity of 2.86 n c. per mg. Two milligrams of this 
material was dissolved in 1 0 cc. of a buffer of pH 5 8 
and enough carrier glutamate tvas added to bring 
the concentration up to 33 micromoles per ce. This 
volume of substrate was run with 3 0 cc. of freshly 
prepared squash homogenate in a nitrogen atmos- 
phere at 37.5°. After one hour, the reaction mix- 
ture was poured into an equal volume of boiling 
alcohol and filtered Appropriate aliquots were 
spotted and chromatographed in the previously 
described manner. 

Autoradiograms were prepared from the de- 
veloped chromatograms and it was established that 
4 arainobutyric acid was the sole reaction product 
from this preparation and that it was not metabo- 
lized further. 

DISCUSSION 

The role of 4-aminobutyric acid in metabolism 
and its subsequent fate has thus far successfully 
eluded investigators All indications seem to point 
toward its being a waste product in the system em- 
ployed. The Warburg studies on aerobic and 
anaerobic decarboxylation supports the findings of 
Tolbert and Naylor (14) who observed the phe- 
nomena of increased decarboxylation under anaero- 
bic conditions in barley leaves by radioactive tracer 
technique. Their suggestion that the further 
metabolism of 4-aminobutyric acid is inhibited by 
anacrobiosis is given an unfavorable light by the 
evidence here presented that 4-aminobutyrate is not 
metabolized further under cither aerobic or anaerobic 
conditions in the system employed. 


We Avere not able to observe the decarboxylation 
reaction in intact tissue as repeated imbibition ex- 
periments Avith glutamic acid gave no results 
We Avish to draAv attention to the biochemical 
odditj^ demonstrated by autoradiography in that 
glutamic acid has a sole metabolic product in the 
system emplo 3 'ed In fact, this method AA-as used 
for preparing radiochemicallj' pure samples of 4- 
aminobutj'ric acid Much criticism could be offered 
to the choice of a resting fruit for metabolism studies, 
but the choice AA-as made from a vicAA-point of econ- 
omy, conA-enience, and degree of enzA-matic activity 
It may aa-cII be that such reactions do not occur in 
normal metabolism, but, if so, this AA-ork at least 
shoAVS Avhat metabolic abnormalities maj- occur in 
resting organs. 


CONCLUSIONS 


1. Enzyme preparation extracts from Papaver 
somniferum, Datura stramonhim, and Ricinus 
communis Avere screened for amino acid decar- 
boxylase actiA'ity under a A'ariety of conditions 
and Avith seAxral substrates 

2. Glutamic acid decarboxylase activity was 
obserx'ed manometrically in homogenates of Avholc 
seedlings of P. somniferum and R. communis. 

3. 4-Aminobutyric acid Avas observed to be the 
main reaction product from glutamic acid addi- 
tion to homogenates of P somniferum The 
presence of free 4-aminobutyric acid Avas estab- 
lished in extracts of R communis, D. stramonium, 
and Delphinium ajacis. 

4 The anaerobic decarboxylation of glutamic 
acid by acorn squash pulp homogenates was 
found to exceed the reaction under aerobic con- 
ditions at pH 7.4 and 5.<S. 

5. 4-Aminobutyric acid Avas identified as the 
only product of glutamic acid metabolism in 
squash preparations. 

0. 4-Aminobutyric acid AA-as shoAvn not to be 
metabolized by squash preparations. 
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The Kinetics of the Hydrolysis of Homatropine 
Methylbromide and Atropine Methylbromide* 


By J. L. PATELf and A. P. LEMBERGER 


A study has been made on the chemical kinetics of the hydroxyl ion catalyzed hydroly- 
sis of homatropine methylbromide and atropine methylbromide. The tempera- 
ture dependency of the hydrolytic reactions has been determined and Arrhenius 
equation constants are evaluated. Mandelyl tropine esters having an a-hydroxyl 
group are found to hydrolyze at a rate approximately five times that of the corre- 
sponding tropyl tropine esters. The positive charge in quaternary tropine esters has 
been shown to effect a thirty-five-fold increase in the rate of tropine ester hydrolysis. 


A REPORT on the kinetics of the hydrolysis of 
homatropine has already been presented (1) 
as a part of an investigation to evaluate quantita- 
tively the contribution of polar and steric factors 
and the positive ionic charge on the rate of tropine 
ester hydrolysis. This publication reports the 
kinetics of hydrolysis of homatropine meth 3 dbro- 
mide (I) and atropine methylbromide (II) and 
correlates the data with that previously obtained 
for homatropine (III) and atropine (IV) (2). 


CHs- 


-CH- 


-CH- 


1+ 1 II 

HjC— N— CHs CH— O— C— CH— CeHs 
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III. R = OH 

IV. R = CH-OH 


THEORETICAL CONSIDERATION 

Unlike homatropine, the mechanism of hydrolysis 
of homatropine methylbromide and atropine methyl- 
bromide remains the same throughout the entire pH 
range. Specific rate constants were therefore deter- 
mined only in moderately alkaline solutions. Half- 
life periods for these quaternary salts can be pre- 
dicted from the specific rate constants for anj' given 
hydroxyl ion concentration. The pH dependency 
studies were therefore not carried out. Determina- 
tions were made at temperatures ranging from 10 to 
25.8°, and Arrhenius equation constants were eval- 
uated. 

Determination of homatropine methylbromide 
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and atropine methjdbromide in the presence of their 
degradation products is a difficult task. High water 
solubility of these esters limits their separation from 
hydrolysis products and the method used by Zvirblis, 
cl al. (2), for atropine does not work. Bandelin (3) 
determined homatropine methjdbromide by pre- 
cipitating a reineckate complex, which was then dis- 
solved in acetone and measured colorimetricallj'. 
Robinson (4) found that in the reineckate procedure, 
tropanol methylbromide (a hj’drolysis product of 
homatropine methjdbromide and atropine methyl 
bromide) jdelded the same amount of color when 
complexed with ammonium reineckate, Robinson 
used Valser’s reagent to assay homatropine methyl- 
bromide and reported that the absorbances of 
aqueous suspensions of methyl tropanol iodo-mer- 
curate and methjd homatropine iodo-mercurate com- 
plexes differed sufficiently to allow measurement of 
the degree of hydrolj’sis of homatropine methjdbro- 
mide. The tj’pical Beer’s law plot of the absorbance 
of the methjd homatropine iodo-mercurate complex 
in solution versus concentration as illustrated by him 
is not linear and the method was found to be un- 
satisfactorj' for the present investigation. 

Another way of determining the bimolecular rate 
constants of alkaline hj'drolj'sis of ester is to transfer 
aliquots from the reaction mixture into excess acid at 
suitable time intervals and back titrate with alkali to 
the appropriate end point. Garrett (5) has used the 
titration method for the studj^ of the kinetics of the 
hj'drolj'sis of scopolamine derivatives. For some 
scopolamine derivatives, rates were very high and 
the reaction was complete in three to four minutes. 
An attempt to study the hydrolj'sis of homatropine 
methjdbromide by the above method showed that 
the ester reacted almost completely in 0.01 N alkali 
in about trvo minutes at room temperature. More 
dilute alkali was tried to reduce the rate of reaction 
and to facilitate the periodical removal of the ali- 
quots from the reaction mixture. In the dilute al- 
kali, however, the indicator end point was found to 
be irreproducible. Using photometric titration for 
the determination of substituted phenols, Goddu and 
Hume (6) have shown that photometric titration has 
an advantage over potentiometrie methods when de- 
terminations are made in highly dilute solutions and 
with verj' weak acids. This led to the use of pho- 
tometry', the change in absorbance of an indicator as 
a function of hydroxyl ion concentration, to follow 
the progress of the reaction. To serve this purpose, 
the indicator should show color changes in the 
selected alkali concentration, should be reasonably' 
stable in alkali, and its acid form should not absorb 
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appreciably at the absorption wavelength of the base 
form. Alizarin yellow R (sodium-/»-nitrobenzene- 
azo-salicylate) was tried and found to fulfill the said 
requirements and, hence, was chosen as an indicator 
for the present investigation. The possibility that 
the ester formed a complex with the indicator seems 
very unlikely since the plots conformed to bimolecular 

kinetics. . 

For each indicator there is a characteristic zone ot 
hydrogen ion concentration, on the acid side of which 
the indicator is completely transferred into its acid 
form and on the alkaline side into its base form. 
Within this range, there will be different proportions 
of the acid and base forms. If the indicator is a 
weak acid, its ionization can be represented by 


HIn H+ + In- 


and the corresponding equilibrium constant is 


(H-^) (Jn-) 
(HIn) 


(Eq. 1) 


or 


calculate hydroxyl ion concentration during the 
course of reaction. All the determinations were 
made in an atmosphere of nitrogen. 


RESULTS AND DISCUSSION 


The kinetics of the alkaline hydrolysis of the ester 
groups in homatropine methylbromide and atropine 
methylbromide were determined by estimation of 
the slopes appropriate to the bimolecular rate ex- 
pressions 

— — = kt constant (Eq. 4) 

a — X 


, b a — X kt (a — b) 
b - X ~ 2.303 


(Eq. 5) 


q-jjys — i — was plotted against the time when a —b 
a—x 

and log - was plotted against time when a 6 
a b—x 

where a and b are the initial concentrations and 
(a - x) and (b - x) are the concentrations at time 
intervals for the alkali and ester, respectively. 
Hydroxyl ion concentration was calculated from the 
absorbance data and ionization constant of the indi- 


where Ka and Ki, are the ionization constants of the 
acid and base form of the indicator, respectively. 

Indicator base-acid ratios were calculated from its 
absorbance data by means of the equation 


(In~) _ A — Aa 
(HIn) ~ Ab - A 


(Eq. 3) 


where A = absorbance during reaction; Aa = ab- 
sorbance of pure acid form of indicator; and Ab 
= absorbance of pure base form of indicator. This 
approach is similar to the type III plots described by 
Rehm and Higuchi (7). 


EXPERIMENTAL 

Reagents. — ^Homatropine methylbromide U. S. 
P. ; atropine methylbromide, K and K Laboratories, 
Inc., recrystallized from ethanol, m. p. 220-221°; 
approximately 0.01 % alizarin yellow R in water con- 
taining 5% ethanol. 

Alkaline Hydrolysis of Homatropine Methylbro- 
mide and Atropine Methylbromide. — Homatropine 
methylbromide was studied in solution 0.00C6 M 
and 0.005 M in ester and O.OOCG N in barium hydrox- 
ide. Atropine methylbromide was studied in solu- 
tion O.OOGO M in ester and O.OOGG A' in barium 
hydroxide. Five milliliters of indicator solution and 
25 ml. of barium hydroxide solution were placed in a 
thermostatically controlled bath and allowed to 
reach temperature equilibrium. A weighed amount 
of ester was then added and rapidly mixed with the 
solution. The reaction mixture was periodically 
transferred into the cell of a Cart- model 11 recording 
spectrophotometer and the absorbance at wave- 
length 493 niju was recorded. For room temperature 
studies, the reaction was allowed to take place in the 
spectrophotometer cell after the first transfer. 
Studies were made at 10, 15, 20, and 25.8°, to allow 
calculation of the Arrhenius constants. 

Absorbance of the solution containing 5 ml. of 
indicator solution and 25 ml. of barium hydroxide 
solutions of varying strengths served as a blank to 


cator using Eqs. 2 and 3. Calculation of the ester 
concentration was based on the postulated 1 ; 1 re- 
action of ester with hj'dro.\ide ion. A typical blank 
plot showing the validity of Eq. 2 is shown in Fig. 1. 
Experimentally determined ionization constants of 
the base form of the indicator are given in Table I. 

As illustrated in Figs. 2 and 3, the observed rate of 
hydrolysis of homatropine methylbromide and atro- 
pine methylbromide is second order. The bimolec- 
ular rate constants (k) in liter mole "'second"' are 
given in Table II. 



Fig. 1. — Blank plot relating the indicator absorb- 
ance with the hydroxyl ion concentration at 25.8°. 


Table I, — Ionization Constants of Alizarin 
VELLO tv R, Base Form 


Temp. 

Nk X 10" 

10.0 

1.10 

15.0 

1.15 

20.0 

1.22 

25.8 

1.31 
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60 120 180 300 


Fig 2 — Tjpical bimolecular rate plot for the 
alkaline h3droljsis of homatropme methylbromide 
at 25 8° 



Table II “ — Bimolecular Rate Constants for 
Alkaline Hydrolysis or Homatropine Methyl- 
bromide AND Atropine Methylbromide 






Homatropme 

Atropine 

Temp ®C 

Methylbromide 

Methylbromide 

10 0 

0 53 

0 11 

15 0 

0 78 

0 17 

20 0 

1 11 

0 20 

25 8 

1 74 

0 37 


^ Calculated bimolecular rate constants m liter mole * 
sec “1 for homatropine and protonated homatropme at 25 8® 
are 0 039 and 1 54 respectively (1) 


Temperature Dependence — Rate constants for 
homatropine methi'Ibromide and atropine methjl- 
bromide were determined at four different tempera- 
tures Bimolecular rate constants are plotted 
against the reciprocal of the absolute temperature in 
Figs 4 and 5 The activation energy ii as calculated 
by setting the slope equal to — H/2 303i? and the 
frequency' factor (s) in the Arrhenius equation was 
calculated using k = The constants of the 

Arrhenius equation are given in Table III 

A significant difference in the specific rate con- 
stants IS observed when the yajueg for various tropme 


Table III — Tabulation of Constants of the 
Arrhenius Equation 

c I og 

Compound Kcal /Mole 5“ 

Homatropme mcthvlbromide 13 0 9 74 

Atropine mctlij Ibromidc 14 0 9 82 

® Log L = —C/2 dot -f- log 5 where ^ 1*1 in Iiler mole~' 
sec * 



Fig 4 — Arrhenius plot of the bimolecular rate 
constants for the alkaline hydrolysis of homatropine 
metlij'lbromide 



Fig 5 — Arrhenius plot of the bimolecular rate 
constants for the alkaline hydrolj'sis of atropine 
methylbromide 


esters are compared Ingold (8) lias shown the re- 
tarding effect of alkyl substituents and negative ionic 
charge and the accelerating influence of electron at- 
tracting Cl, OH, COCCHi, COCH3, CH2COCH3, 
and CH.OCHj groups on the alkaline hydrolysis of 
aliphatic carboxylic esters The difference in rates 
has been attributed bj' this author clearly to the 
polar effects, whatever the steric effects may be 
Garrett (5) in Ins studies on the kinetics of scopola- 
mine derivatii es has attributed the increased rates in 
positivel3' charged quaternary salts to the field ef- 
fects 

In the case of tropme esters, it is found that man- 
del3’I tropme esters, vtz base and acid form of ho- 
matropine and homatropme methyl bromide, de- 
grade at a rate approximately five times that of 
the corresponding trop3 1 tropme esters, vtz the base 
and acid form of atropine and atropine methyl bro- 
mide The accelerating effect of the a-hydroxyl 
group m mandelyl tropme esters is in agreement 
with the scheme postulated b3' Waters (9) and In- 
gold and Ingold (10) to explain the alkaline Indrol- 
3'sis of esters 
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Comparison of the rate constants of protonated 
homatropine, homatropine methylbromide, and atro- 
pine methylbromide with the corresponding free 
bases has shown that positive charge on nitrogen in 
quaternary salts enhances their rate very signifi- 
cantly The 35-fold increase in the rates in these 
quaternary tropine esters may be attributed to the 
field effects resulting in increased concentration of 
hydroxide ion in the neighborhood of the ester mole- 
cule 

Thus, it is observed that the polar and/or steric 
effects have a great influence in determining the rate 
of alkaline hydrolysis of highly substituted esters 
such as tropine esters. 
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The Efifect of Adipic Acid and Methylamine on 
Alkaloid Biosynthesis in Certain Members 
of the Solcinacecte I* 

Datura stramonium Linne 


By M. S. BROOKS, L. A. SCIUCHETTI,t and D. P. N. TSAO 

Adipic acid administered by injection in the concentration of 0.5 per cent increased 
the total alkaloids (calculated as hyoscyamine) in the leaves (and flowering tops), 
stems, and roots by 14, 2(5, and 79 per cent, respectively. Methylamine in the same 
concentration increased the total alkaloid yield in the leaves and roots by 10 and 39 
per cent while a 12 per cent decrease was observed in the total alkaloids of the 
stems. The plants treated with adipic acid and methylamine displayed an increase 
of alkaloid yields in the leaves and roots by 22 and 65 per cent while no change in 
alkaloid production in the stem was observed. 


T) obinso'n’s method (1) of synthesis of tropine 
has been applied to the synthesis of a num- 
ber of tropinone-like compounds bj- replacing the 
succinic dialdehyde with various aldehydes such 
as adipic dialdehyde (2). Adipic acid was found 
in the juice of the sugar beet by l^avrucli (3). 
Kameda and Toyoura (4) reported that adipic 
acid has been utilized by soil bacteria as a source 
of carbon in culture media. Dagley and Rodgers 
(5) have reported that intact cells of a certain 
vibrio grown at the expense of adipic acid gave 
high initial rates of o.xidation of citrate. Since 
adipic acid and methylamine have been proposed 
as starting materials for the biosj'nthesis of tro- 
pine by Trautner (6), it was deemed desirable to 
study tlie influence of these two chemicals on alka- 
loid biosynthesis in Solaiiaceous plants, especially 
Datura stramonium. 


•Received yvdy 32, IDoS, from the University of Rhode 
Inland College of Pharmacy, Kingston 
This study has been supported in part by funds from 
Ocncral Research of the Graduate School of Oregon Stale 
CoUegc 

This paper n.as presented to the A Pit A Convention, 
I.OS Angeles Xiecting, April I95S 
,t Pfcvent address Pharmacognosy Department, School 
of Pharmacy, Oregon State College, Corvallis, Ore 


EXPERIMENTAL 

Procedure.—Straraonium plants emplovcd in this 
study were grown under carefully controlled green- 
house conditions ' Seeds were germinated in cul- 
ture flats containing soil composed of two parts of 
compost and one part of peat moss on December 29, 
1955 Sixty seedlings were transplanted into pots 
on June 26, 1956 On August 21, 1956, twenty- 
four plants of approximately the same height and m 
similar states of growth were selected for this study 
and divided into four groups Each group con- 
sisted of six plants One group was designated as 
control or untreated The remaining three groups 
were treated with 0 5% solutions of adipic acid, 
methylamine HCI, and a combination of adipic acid 
and methylamine HCI Each plant of the treated 
groups received 3-4 ml of the respective solutions at 
a rate of about 2 ml per hour by injection into the 
stem (7) Two injections were given to each plant 
of the treated group The plants of the control 
group received no injection The first injection was 
administered on August 21, 1956 A second in- 
jection was given on the following day No observ- 
able toxic effects were noted in the treated plants 


'The authors arc indebted to Dr tV R Kaumann and 
-a* ^1 BaXVe of Drug Plant Gardens and Laboratories 
College of Pharmacy of the University of Washington, for 
their generous assistance during the groirtfi of Datura plants 
and injection procedure 
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Table 1 — Total Alkaloids of Datura stramonium 






R L 


Alkaloids, a DifTerence, 

Alkaloids.^ DifTerence. 

Alkalotds,a 

Difference, 

Group 

Control 

% 

0 230 

% 

% 

0 058 

% 

% 

0 071 

% 

Adipic Acid 0 5% 

0 263 

-i-14 3 

0 073 

4-25 9 

0 127 

-1-78 9 

Methylamine HCl 0 5% 
Adipic Acid 0 5% and 
Methylamine HCl 

0 253 

-1-10 0 

0 051 

-12 1 

0 099 

-1-39.4 

0 5% 

0 281 

-1-22 2 

0 058 

-fOO 0 

0 117 

-t-64 8 


a Alkaloids calculated as liyoscyamine 


The plants were harvested on August 23. 1956 No 
significant difference was noted in the total weight of 
the groups receiving treatments compared with the 
control group The plants were divided into three 
portions: leaves (including flowering tops), stems, 
and roots The fresh materials were then transferred 
immediately into a hot-air circulating dryer and 
dried at a temperature of approximately 49° The 
dried material was ground into a No 60 poivder and 
stored in an airtight container until subsequent al- 
kaloid analyses 

The Total Alkaloid Assay. — The dried leaves, 
stems, and roots were assayed for total alkaloids ac- 
cording to the Witt and Youngken method (8) 
modified by using chloroform in place of benzene as 
the immiscible solvent This study indicated, in 
general, that adipic acid and/or methylamine in the 
concentration of 0 5 per cent increased the total 
alkaloid yield (calculated as hyoscyamine) in the 
various plant organs (see Table I and Fig 1 ) The 
figures represent the average of four assays for 
each group 



LEAVES STEMS ROOTS 

Fig. 1 — Total alkaloid yield of Datura stramomum. 


DISCUSSION 

The data on the total alkaloids (Table I and Fig. 1 ) 
revealed that adipic acid in the concentration of 0 5 
per cent stimulated alkaloid formation in the leaves, 
stems, and roots by 14, 26, and 79%, respectively. 
Methylamine in the same concentration increased 
alkaloid production in the leaves and roots bj' 10 and 
39%, while a decrease of 12% in total alkaloids was 
found in the stems The combination of adipic 
acid and methylamine increased total alkaloids in 
the leaves and roots by 22 and 65%, while no change 
in alkaloid formation in the stems was observed 
In general, increased production of total alkaloids 
in the various plant organs resulted from the treat- 
ments Adipic acid appeared to have the greatest 
influence. Mothes (9) has suggested that diketo- 
adipic acid was a precursor of the Solanaceous al- 
kaloids This study showed that adipic acid stimu- 
lated alkaloid biosjmthesis in Datura stramomum 
and would tend to confirm his work since adipic 
acid and diketoadipic acid are chemical homologues. 

SUMMARY 

1. Adipic acid, 0.5 per cent, increased the to- 
tal alkaloid yield in the leaves, stems, and roots. 

2. Methylamine increased total alkaloids in 
the roots, but there was no great difference in 
total alkaloid yield in the leaves and stems. 

3. The combination of adipic acid and methyl- 
amine showed an increase of the total alkaloids in 
the leaves and roots, but not in the stems. 
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Analysis of Phenylephrine and Tetracaine by 
Filter Paper Chromatography 

By HERBERT SCHRIFTMAN 

Experimental preparations containing phenylephrine hydrochloride and tetracaine 
hydrochloride have been assayed by a paper chromatographic procedure. The 
results have compared favorably to those obtained by present spectrophotomettic 
and colorimetric methods. Deteriorated samples, obtained from stability studies, 
have been shown by present methods to contain almost all the phenylephrine hydro- 
chloride as claimed. However, paper chromatographic assays of these same sam- 
ples have shown the phenylephrine content to be below claim and one to three de- 
gradation compounds to be present. For the chromatographic assay, a normal 
butanol-acetic acid-water (5:1:3) solvent system is employed and a spray reagent 
containing diazotized p-sulfanilic acid is used to detect the phenolic compounds on 
the paper. The completed chromatograms are quantitatively analyzed by photo- 
electric densitometry. Investigations are being conducted to identify the decom- 
position products. 


■pHENYLEPHRINE HYDROCHLORIDE, a Sympatho- 

mimetic amine has been in general use a long 
time but is becoming available in a growing num- 
ber of pharmaceutical preparations, containing 
other active compounds. These comple.x mi.x- 
tures present the analyst with additional laborious 
filtering and extraction steps in conducting suc- 
cessful assays with the conventional colorimetric 
or spectrophotometric methods. Specifically, one 
of these methods is Auerbach’s colorimetric proce- 
dure (1) which is based on the intensity of the azo 
color produced by coupling phenylephrine with 
diazotized /)-nitroaniline. But this reaction only 
indicates the presence of the hydroxyphenol nu- 
cleus in the phenylephrine molecule. Hence, 
when the various experimental mixtures of 
phenj’lephrine hy’drochloride in combination with 
other active compounds are subjected to stability 
studies, any changes on the side chain would not 
be detectable by this method and the preparation 
would apparently still contain all the phenyl- 
ephrine as claimed. Ellin and Kondritzer (2) 
presented a colorimetric and spectropliotometric 
method for analyzing solutions containing 
phenylephrine hydrochloride and tetracaine hy- 
drochloride. But their color reaction for phenjd- 
ephrine is also based on the presence of the hy- 
droxyphenol group. They treated the phenyl- 
ephrine hydrochloride solutions with 1,5 per cent 
HgSOj and then diazotized with 0.1 per cent 
NaNOj. Phenols and phenolic derivatives are 
known to react with mercuric salts in the presence 

* Received May 10, I9oS. from Wyeth I,aborator»c<5. 
Radnor. Pa 

This work ua’t bejjtm m the Physiology Division of the 
Chemical Warfare I-ab . Army Chemical Center. Md 
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Section meeting of the A A S , December 20, 19o7, in 
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The author mshc*^ to express his pratdiidc to Lt Bobby B 
intern and Dr Albert A Kondritrer of the Chemical Warfare 
Laboratories for (heir assistance and c'^opcration, and to 
Robert Sh«lt7 of Wyeth Lal)oratorie*> for his cncoiiraKcincnt 
and ad\ tee. 


of nitrous acid to form intensely colored com- 
pounds. The main drawbacks in their procedures 
were: (a) the formation of a precipitate on the 
addition of the HgSO^ reagent when glycols are 
present in the solution and (6) the additional step 
in their assay of having to extract any p-butyl- 
aminobenzoic acid that may be present, as this 
compound is known to be a hydrolysis product of 
tetracaine. In the paper partition chromato- 
graphic procedure presented here, the extraction 
and filtering processes are eliminated and separate 
quantitative analyses of these compounds are 
possible. 

EXPERIMENTAL 

Standard mixtures of the hj'drochloride salts of 
tetracaine and phenylephrine in 5 to 25 gg. amounts 
were spotted and then separated out on Whatman 
Xo 1 chromatographic paper sheets by the upper 
phase of a butanol-acetic acid-water (5.1:3) sol- 
vent system, using the descending technique for 
twenty liours. The tetracaine salt, analogous in 
structure to alkaloids in that it is a basic nitrogenous 
compound, miglit be e.vpected to react to a modified 
Dragendorff spray reagent, as reported by Munier 
(3) for detecting various alkaloids that lie had sepa- 
rated out on paper. This reagent consisted of a 
mixture of bismuth subnitrate in glacial acetic acid 
and KI solution. Tlic reagent was prepared from 
two solutions: solution 1 contained 0.85 Gm. of 
bismulli subnitrate dissolved in 40 ml. of water and 
10 ml. of glacial acetic acid; solution 2 contained 8 
Gm, of KI in 20 ml. of water. Just before use, 5 
ml. each of solutions 1 and 2 were mixed with 20 
ml. of glacial acetic acid and 100 ml. of water. The 
tetracaine spots, when sprayed with this reagent, 
gave the characteristic alkaloid reaction — a red 
spot on a light orange background. The average 
R/ v.alne of the tetracaine spots was 0.83. For the 
separated phenylcplirine fiydrocliloridc spots, a 
general spray reagent for phenols was used, diazo- 
tized fi-sulfanilic acid (4) The diazo reagent was 
prepared by mixing 20 ml. of a 5% X’aX'O. solution 
with 20 ml of a solution containing I Gm. of p- 
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sulfanilic acid and 15 ml of coned HCl in a iiter of 
distilled water. After spraying with this diazo 
reagent, the paper was made alkaline with a 5% 
K 2 CO 3 spray. The phenylephrine h 5 ’drochloride 
salts showed up as intense yellow spots whose aver- 
age Rf value was 0.63. Determination of these Rf 
values enabled us to cut the developed paper, prior 
to spraying, so that phenylephrine and tetracaine 
hydrochloride spots could be analj'zed separately. 
All the colored spots were quantitatively analyzed 
with a Photovolt Densitometer, Model 525, con- 
taining semiautomatic plotting equipment and color 
filters. Table I shows that for the concentration 
range studied, the total color density readings are 
directly proportional to the concentration of the 
tetracaine and phenylephrine hydrochloride salts. 
Table II lists the results obtained from the analj'ses 
of powdered mixtures of these drugs which had been 
subjected to stability studies The results obtained 
by the chromatographic method compare favorably 
with those obtained by the spectrophotometric 
and colorimetric method as described by Ellin and 
Kondritzer (2). However, when solutions of these 
powders are subjected to heat, these colorless solu- 
tions turn brown and paper chromatographic 
analysis discloses the presence of another phenolic 
spot at Rf 0.57, as well as other less intense phenolic 
spots at various Rf values Assays of these deterio- 


Table I. — Relationship between Concentra- 
tion AND Total Color Densities of Phenyl- 
ephrine HCl AND Tetracaine HCl Spots 
Obtained by Paper Partition Chromatography 




Total 
Color 
Density = 
Area 
under 
Curve 

Density/ 

Conen 


Me 

in mm * 

= K 

Tetracaine HCl, using 

5 

24 0 

4 8 

a 530 mu color filter 

10 

48 0 

4 8 


15 

71 5 

4 8 


20 

93 5 

4 7 

Average 

25 

118 0 

4 7 

4 8 

Phenylephrine HCl, 

5 

230 

46 

using a 440 m/i color 

10 

449 

45 

filter 

15 

680 

45 


20 

939 

47 

.•\verage 

25 

1119 

45 

46 


Table II. — Comparison between Paper Chro- 
matographic AND Spectrophotometric Methods 
Used in the Analysis of Powders Obtained 
from Packets Stored Under Varying Tempera- 
ture Conditions 


Analysis for 

Analysis 


Tetracaine 

Phenylephrine 


HCl, mg 

HCl, mg 

Samples 

C“ S 

C S 

1 — Blank 

0 0 

0 0 

2 — Standard 

25 0 25 0 

25 0 25 0 

3 — Room Temp. 27 0 27 0 

29 0 28 5 

4—51° 

38 5 38 0 

31 5 33 0 

5—65° 

33 3 33.5 

29 6 31 0 

6—70° 

32.5 31 5 

31 5 30 5 


“ C = Chromatographic. S = Spectrophotometric 


rated samples by the Ellin and Kondritzer method in- 
dicated that they contained almost all the phenyl- 
ephrine hydrochloride as claimed. Quantitative 
paper chromatograph}^ of these same samples dis- 
closed that the phenylephrine content was below 
claim in the range of 12 to 28% depending on the 
temperature conditions. Table III illustrates some 
preliminary observations and R / values of various 
degradation products of phenylephrine after under- 
going accelerated storage conditions. Further 
studies on the isolation and characterization of the 
various breakdown products of phenylephrine are 
under way and will be reported at a later date. 
Initial absorption spectra of the main breakdown 
product as well as two other degradation products 
has been obtained and are compared to the absorp- 
tion spectra of phenylephrine hydrochloride in Fig. 
1 All curves in Fig 1 were obtained on a Beckman 
Recording Spectrophotometer. The concentration 
of the phenylephrine hydrochloride solution was 
0 05 mg /ml in absolute alcohol The other curves 
represent eluates of spots of various Rf values from 
ten papergrams containing ten 200 /jg. spots of a 
degradated solution of 5 mg /ml. of phenylephrine in 
5% dextrose (see Table III). The curve for the 



L»nolh,m,« 

Figure 1. 


Table III , — Rf I'alues of Phenylephrine Hy- 
drochloride AND Its Degradation Products 
Present in Different Solutions, after Storage 
AT 75° C FOR One Week 





—Reagent— 




Fluores- 

Phen- 

Second- 

Solution 

Rf 

cence” 

olic* 

ary 

mg /ml in 

0 57 

+ 

+ 

— 

distilled 

0 64 

+ 

-1- 

+ 

water 

0 74 

+ 

-f- 



0 86 

+ 



mg /ml. in 

0 57 

+ 

— 


50% gly- 

0 59 

+ 

-f 

— 

cerin 

0 62 

+ 

-f- 

-f- 


0 71 

+ 

+ 


mg /ml. in 

0 26 

+ 

— 


5% dex- 

0 37 

+ 

— 


trose 

0 .58 

+ 

+ 

_ 


0 64 

+ 

+ 



0 75 

+ 

— 



° Fluorescence observed tinder U V light, long-vvave type 
& Diazotized ^-sulfanilic acid reagent + T>% K 2 CO 1 as de- 
scribed in text 

« 0 2% ninhydrin m 90% ethanol, containing 2% of acetic 
acid and 0 5% of cadmium acetate, a positive reaction is the 
presence of a pink spot (5) 
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main breakdown product represented eluates of 
spots at R; 0 58. while the U. V. spectrum for 
breakdown products Nos 1 and 2 were obtained from 
spots at Rf 0 26 and 0 37, respectively In all 
cases, 36 ml of absolute alcohol was used for eluting 
the spots from the chromatograms, and then con- 
centrated to 5 ml prior to scanning The reference 
solution was prepared from a similarly treated blank 
papergram 

SUMMARY 

1. A paper chromatographic method is em- 
ployed for analyzing phenylephrine hydrochloride 
and tetracaine hydrochloride which compares 
favorably with the spectrophotometric method. 


2. The method presented here for the analj-sis 
of phenylephrine HCl and tetracaine HCl is rec- 
ommended when coloration, foreign matter, or 
precipitants are present in the solutions. 

3. Preliminary studies have been conducted to 
isolate and identify the degradation compounds of 
phenylephrine. 
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Inhibition of Glucose-6-phosphatase 
Activity by Hypoglycemic 
2 -Benzenesulfonamido- 5 -alkyl-1 , 3 ,4- thiadiazoles * 

By ROLAND JASMIN and WILLARD JOHNSON 

Inhibition of glucose-6-phosphatase (G-6-P-ase) has been considered as a possible 
mechanism of action of the hypoglycemic sulfonylurea compounds. Experiments 
have been carried out to ascertain if the hypoglycemic activity of these agents could 
be correlated with their effect on G-d-P-ase activity. The latter was determined by 
the method of Cori and Cori (J. Biol. Chem., 199, 661 (1952)). A number of newly 
synthesized 2'benzenesulfonamido-5-alkyltiiiadiazoIes which inhibited G-6-P-ase 
activity completely at 2.5 or 5 X 10~’ M had negligible hypoglycemic effea, as com- 
pared with tolbutamide, which at 8 X 10~’ AI gave only 50 per cent inhibition and 
was strongly hypoglycemic. SulfaethyJihiadiazole, an antibacterial sulfonamide 
with no hypoglycemic activity, inhibited G-6-P-ase activity to the same extent as 
did tolbutamide. Phenethyldiguanide (PEDG), a nonsulfonylurea compound with 
marked hypoglycemic activity, failed at 5 X 10~’ M concentration to inhibit G-6-P- 
ase. The evidence indicates that no relationship e.xists between hypoglycemic activ- 
ity in vivo and G-6-P.ase activity in vitro. 


' I 'here is extensive evidence to support the 
vietv that the liver is an important, if not the 
principal, site of action of the oral diabetic com- 
pounds ( W), the activity of these compounds in 
the hepatectomized animal notwithstanding (5). 
Thus, Anderson, el al. (1), observed in dogs a 33 
per cent decrease in glucose output of tlie hepatic 
vein within ten minutes of intravenous tolbuta- 
mide administration. A similar effect of tol- 
butamide was noted by Ashmore, cl al. (2), in 
dogs and rats, and by Kibler and Gordon (3) in 
diabetic patients 

The liver is virtually the sole source of blood 
sugar during the postabsorptive state. Directl 3 ' 
involved in the release of glucose to the blood 
stream is the enzyme, glucose-6-phosphatase, 
which catalyzes the conversion of glucose-6-phos- 
phale to glucose and inorganic phosphate. Cori 

* Ucctncil tunc .10. lOJS, from the EranC W Homer Eld . 
Research Laboritoncs, Montreal, Quebec 


and Cori (G) have found this enzj'me to be almost 
completely absent from the livers of human cases 
of glycogen storage (von Gierke’s) disease. 

Inhibition of glucose-6-phosphatase has been 
considered as a possible explanation for the de- 
creased output of glucose by the liver following 
the administration of hypoglycemic sulfonamides 
Some investigators have demonstrated an in- 
hibitorv’ effect b}' tolbutamide and carbutamide 
under vanous e.xperimental conditions (7-10) 
Glucose-G-phosphatase as a primary site of action 
of these substances has been largely' discounted 
due to the fact that the concentrations required to 
inhibit the enzyme in vitro arc much greater than 
the amounts needed for a hypoglycemic response 
in the intact animal. 

The synthesis of a large series of 2-benzene- 
sulfonamido-,5'alkyl-l,3,4-thiadiazoles in our lab- 
oratories (11) enabled us to study the relationship 
between the inhibitory effects of these compounds 
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on glucose-6-phosphatase in vitro and their hypo 
glycemic activity It was considered that, apart 
from contributing to the elucidation of the mecha- 
nism of action of these agents, the establishment 
of such a correlation would provide a valuable 
screening method for hypoglycemic agents 

EXPERIMENTAL 

Albino mice (20 to 30 Gm ) fed ad libitum on 
Purina Fox Chou were used in these studies The 
animals were killed by decapitation, and the livers 
rapidly removed and placed on ice Liver homogen- 
ates (20% n /v) 11 ere prepared m cold distilled water 
The contents of each experimental vessel iias as fol- 
lows 0 5 ml of 0 02 Jll glucose 6-pliosphate, 0 2 
ml of 0 3 M potassium citrate buffer, pH 6 8. 0 3 
ml of 20% liver homogenate, 1 ml of glucose 6- 
phosphatase inhibitor to give a final concentration as 
indicated m the tables The control vessel con- 
tained 1 ml of water in place of inhibitor Incuba- 
tion was for thirty minutes at 32° with constant 
shaking The glucose-6-phospliatase activity was 
determined by the method of Con and Con (6) The 
release of inorganic phosphate nas measured by the 
method of Fiske and Subba Ron (12) 

Glucose-6 phosphate, as the barium salt, was pur- 
chased from Schnartz Laboratories Inc, and uas 
converted to the sodium salt before using Neutral 
solutions of the sodium salts of the sulfonamidothia- 
diazoles and of Mobenol (tolbutamide, Horner) were 
used in all studies The basic structure of the thia- 
diazole derivatives is shown in Table I 


RESULTS AND DISCUSSION 

The inhibitory effects of the sulfonamidothiadia- 
zole derivatives and other hj'poglj’cemic agents on 
mouse liver glucose 6-phosphatase are given in 
Tables I and II The relative hypoglycemic activi- 
ties of these substances m the rabbit, which have 
been reported bj McColl, el at (13), from this lab 
oratory, are roughly indicated m the last column 
It should be noted that the dosage employ ed to ob- 
tain the indicated hypoglycemic response bears no 
relation to the concentration of substance at which 
glucose-6-phosphate was tested 

It may' be seen from Table I that many' of the sub- 
stituted thiadiazoles (compounds, 3, 5, 6, 13, 15, and 
17) which inhibited glucose 6-phosphatase com- 
pletely' at 2 5 and 5 X 10~^ M had insignificant 
hypoglycemic activity in vivo, as compared with 
Mobenol (tolbutamide, Homer), ivhich at 5 X 10 'W 
concentration inhibited glucose 6-phosphatase by' 
37 5% and had strong hypoglycemic activity The 
thio analog of Mobenol, devoid of hypoglycemic ac- 
tivity, was slightly more active than Mobenol as an 
inhibitor of glucose-6-phosphatase Phenethy’ldi- 
guanide, which has been shown to be a potent hy'- 
poglycemic agent in the normal and alloxanized ani- 
mal (14) failed completely' to inhibit glucose-6 phos- 
phatase, as did glycocy'amme (guanidoacetic acid) 

Table II provides a comparison of the sulfona- 
midothiadiazoles in terras of the concentrations re- 
quired for 50% inhibition of glucose-6-phosphatase 
Here it may' be seen that compounds 7 and 8, which 
were found to have potent hypoglycemic activity, 
inhibited glucose 6-phosphatase to the same extent 


Table I — Per Cent Inhibition of Mouse Liver Glucose-6-Phosphatase 




•Substitution -Molar Concentration — s Hypoglycemic 


Compd 

R' 

R 

5 X 10 » 2 5 

X 10 » 

1 25 X 10 5 

Activity' 



A 

Sulfonamidothiadiazoles 




1 

CHjO 

t-buty 1 

— 

— 

20 


2 

CH, 

f-buty 1 

— 

98 

32 

+ + 

3 

CjHsO 

/-buty 1 

-- 

100 

21 

-j- 

4 

CH,0 

«-butyl 

— 

100 

— 

-h-k 

5 

CHj 

n-buty'l 

— 

100 

— 

-f 

6 

C 2 H 5 O 

«-buty 1 

— 

100 

— 


7 

CH 3 O 

iso buty 1 

— 

— 

34 

+++ 

8 

CH, 

iso-buty'l 

— 

— 

54 

+++ 

9 

C 2 H 5 O 

iso-buty'l 

— 

93 

— 

— 

10 

CH,0 

«-amy'l 

— 

— 

29 

+++ 

11 

CH 3 

H-aray 1 

— 

— 

98 

++ 

12 

CH 3 O 

iso-amyl 

-- 

— 

26 

+ 

13 

CHj 

iso-amyl 

— 

— 

100 

- 1 - 

14 

CH 3 O 

iso-propyl 

100 

— 

— 

-t-+ 

15 

CHs 

ISO propyl 

100 

— 

— 

— 

16 

CH 3 O 

n-propyl 

44 


— 

— 

17 

CHs 

«-propy’l 

100 

— 

— 

— 




B Miscellaneous 





Mobenol 


37 5 


- 



Thio analog of Mobenol 

51 0 

— 

— 

— 


Pheneth\ Idiguanide 

0 0 

— 

— 

++-1- 


Glycoci amine 


0 0 

— 

— 

++ 


a indicates a decrease in blood glucose of 30— 10 mg’ % ++ 20-29, -f-, 10— 19 less than 10 
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Table II —Concentration or Substance 
Required for 50% Inhibition or Gi.ucosn-G- 

PlIOSFHATASE 




- 


Hypo- 

SuUonaroidothjadiazole 

Moles/ 

glycemic 

Compd 

R' 

R 

Liter 

Activity® 

1 

CHsO 

/-butyl 

30 X 10-’ 

+++ 

2 

CH, 

/-butvl 

20 X 10-’ 

-f-f 

4 

CH3O 

«-butvl 

1.5 X 10-5 

++ 

7 

CHjO 

iso-butvl 

2 25 X 10-3 


8 

CH, 

iso-butvl 

1.5 X 10-3 

+ + + 

U 

CH, 

K-amvl 

G.O X 10-* 

+ + 

17 

CH, 

K-propvl 

20 X 10-3 

— 

18 

CiHsO 

K-propvl 

2.0 X 10-3 

— 

19 

NH. 

ethyl 

SOX 10-3 

— 


(sulfaethvlthiadiazolc) 



Mobenol 

SOX 10-3 

-l-b-f 


“ See Table I 


as compounds 17 and 18, which have no hypogly- 
cemic activity. Similarly, Mobenol and sulfaethyl- 
thiadiazole, a potent antibacterial sulfonamide, each 
inhibited glucose-6-phosphatase by 50% at 8.0 X 
10~’ M, while only the former had hj’poglycemie ac- 
tivity. 


CONCLUSIONS 

These results clearly show the complete absence 
of any correlation between the hypogj’lcemic ef- 
fects of these compounds and their gIucose-6- 


phosphatase inhibitory effects iii vivo. They 
tend to confirm the obsenmtions of other investi- 
gators that inhibition of glucose-6-phosphatase is 
not the principal mechanism b}' which these com- 
pounds exert their effects. That is not to say, 
however, that inhibition of glucose-6-pbosphate in 
vivo does not, in some cases, contribute to the 
overall hypoglycemic effect. 
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The Effect of Nicotine on 
Hypercholesterolized Cockerels* 

By DUANE G. WENZEL, JAMES A. TURNER, and DONALD KISSIL 


Cockerels were hypercholesterolized with a 
1 per cent cholesterol diet and administered 
nicotine (2.28 milligrams per kilogram per 
day) in the drinking water. After sixteen 
weeks of treatment, the plasma cholesterol 
and lipid phosphorus levels and the cardio- 
vascular pathology were not significantly dif- 
ferent from those of the cholesterol controls. 

A NUMBER of recent reports have suggested a 
possible causal relationship between nicotine 
and atherosclerosis. Mortality studies reveal a 
twofold increase in the coronary death rate of 
smokers over nonsmokers (1). Positive correla- 
tion has also been established between the amount 
of smoking on one hand and both the earlier ap- 
pearance of coronary occlusion and death from 
this cause (2). Laboratory studies utilizing rab- 
bits have demonstrated that when nicotine is 

* Received fuiy 24, li>58, From the School of Pharmacy, 
Unn crsitj’ of and Veterans Administration Hospital. 

Kansas City. Mo 

■«>PPOrtciI in part by research crant 
(Il-.)(l|,) from the National Heart Institute. Public Keatth 
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added to a hypercholesterolemic stimulus, sig- 
nificantly higher plasma cholesterol and lipid 
phosphorus levels result. The effect is essentially 
the same whether the cholesterol and nicotine are 
injected (3) or administered perorally (4). In 
both of these studies utilizing rabbits a minimal 
amount of cholesterol corresponding to approxi- 
mately 0.1 per cent of the diet was utilized. 

The purpose of this investigation was to deter- 
mine whether the chicken is susceptible to the 
nicotine potentiation of hypercholesterolemia and 
whether a pathological differential may be estab- 
lished by the use of a normally atherogenic dietary 
level (1.0 per cent) of cholesterol (5). 

EXPERIMENTAL AND DISCUSSION 

^ WOiife English Leghorn cockerels were raised on a 
diet of Purina Layena® pellets from two days to ten 
weeks of age. At this time four experimental groups 
of fourteen birds per group were established. Birds 
were randomly selected from a group of approxi- 
mately equal weights. The experimental groups 



116 


Journal of the American Pharmaceutical Association VoI XL\ III, No 2 


were as follov^s (a), control, (b), nicotine (2 28 
mg /Kg per daj' in the drinking iiater), (c), 
cholesterol (1 0% in the feed), and (d), combined 
nicotine-cholesterol regimens The dailj dose of 
nicotine was roughly equivalent to the use of two 
packs of cigarettes by the human (4) 

At ten weeks of age the birds were weighed and 
plasma eholesterol and phospholipid levels deter- 
mined by methods previously described (4) Deter 
minations were repeated at four-w eek intervals over 
the sixteen week experimental period At twentj- 
six weeks of age all birds were sacrificed and the 
hearts and aortas studied for pathological changes 
The eontrol group gained weight at a shghtlj but 
not significantly greater rate than the other birds 
Figure 1 is a record of the plasma total cholesterol 
levels and the cholesterol/phosphohpid ratios over 
the sixteen week period The cholesterol and iiico 
tine cholesterol group values were not significantlj 
different from one another because of rather large 
variations between birds These variations were 




Figure 1 


greatest at the eight and twelve week periods when 
the differences in cholesterol levels and the ratios 
Were most apparent The effect of nicotine as a 
hypercliolesteroleinic or C/P stimulus is at best only 
suggestive 

The heart and entire aortas were removed from 
each animal In each instance the aortas were 
grossly examined and five sections prepared from the 
tissues The first included myocardium, leaflet of 
mitral valve, and ascending aorta with coronary ar 
teries The remaining sections consisted of a trans 
\erse section of the wall of the aorta, a transverse 
section of the inoininate arteries, a transverse sec 
tion of the left pulmonary artery , and an opened 
transverse section of the terminal aorta In each 
instance H and E, toluidine blue, and von Kossa’s 
stain were used In addition, a separate block of the 
my’ocardium, aortic valve, coronary artery', and 
ascending aorta w ere studied by' means of a frozen 
section with a fat stain 

The gross and microscopic studies of the control 
and nicotine groups revealed essentially no changes 
Three birds of the cholesterol group demonstrated 
small y'ellow plaques m the aorta, none of which was 
greater than 2 mm m diameter Upon microscopic 
examination the plaques were found to consist of 
slightly thickened intima with a myxomatous, 
edematous appearing fibrous tissue forming the mam 
component No other significant changes were 
noted in the cholesterol group 

Three bmds of the nicotine cholesterol group also 
demonstrated plaques in the aorta Microscopic 
examination revealed an appreciable increase of fatty 
material in the thickened intima, particularly' in the 
proximal aorta and aortic valve There were oc- 
casional macrophages filled with a foamy material 
The coronary' vessels were essentially' normal except 
for minimal thickening 

The fact that minimal pathologic changes ob 
served in both cholesterol groups may' indicate that 
either the particular strain of chicken employ ed 
possessed minimal atherogenic susceptibility' or 
that spontaneous regression of the lesions had oc- 
curred Evidence for the latter possibility may' be 
the fall in cholesterol and C/P ratios at eighteen 
weeks of age As earlier studies with the rabbit had 
established a marked effect of nicotine on blood 
cliolesterol levels with a minimum (0 1%) diet of 
cholesterol, it is possible that the higher dose (1 0%) 
used in the study' obscured any nicotine effect 
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The Analysis of Phenothiazine Derivatives with 
Tranquilizing Properties* 

By JOHN MILNE 


Nonaqueous assay methods have been developed for some of the more recently avail- 
able phenothiaaine derivatives with tranquilizing properties. These methods have 
been compared to Blazek and Stejskal’s gravimetric procedure which has been suc- 
cessfully applied to these drugs in this laboratory as well as to the control procedures 
used by the pharmaceutical manufacturers. For purposes of nonaqueous titrimetry, 
the drugs studied may be divided into two groups by virtue of the monobasic or di- 
basic character of their N bonded side chain. The monobasic drugs are titrated in 
acetone and 2 : 1 hexane: acetone while the dibasic compounds which carry a piper- 
azine ring in the side chain are titrated in 2:1 benzene ;nitromethane. The differ- 
ential titration of both the salts and bases of this last group in different solvent sys- 
tems was studied before the benzene -.nitromethane system was chosen and the 
results of this investigation are included. 


W ITH the advent of chlorpromazine and other 
similar phenothiazine derivatives with 
tranquilizing properties a need for analytical con- 
trol procedures has arisen. Several methods have 
been introduced for these drugs and chemically 
similar antihistamines. 

Colorimetry, involving both the reineckates (1) 
and the picrates (2), has been employed in the 
assay of these drugs. Brodie (3) complexed or- 
ganic bases with acidic indicators and measured 
the colors formed, Porter and Silber (4) applied 
this technique to diethazine, and Haley and 
Bassin (5) utilized it for promethazine. Fossoul 
(6) used the color produced by the interaction of 
ammonium persulfate with promethazine, and 
Dubost and Pascal (7) determined chlorproma- 
zine by measuring the color which it produces 
with concentrated sulfuric acid. 

Ultraviolet spectrophotometry in water forms 
the basis of the United States Pharmacopeia 
procedure (8) for chlorpromazine tablets. This 
technique has also been applied to chlorpro- 
mazine, mepazine, and promethazine by Meyer 
(9) with ether and ethanol as solvents. 

Several titration procedures have been re- 
ported among which are the argentometric titra- 
tion (1) of the hydrochloride salts and non- 
aqueous titration of the sodium tetraphenyl- 
borates of both chlorpromazine and diethazine 
(1). Nonaqueous techniques have also been 
applied to promethazine hydrochloride by Kleck- 
ner and Osol (10), and to promazine and clilor- 
promazine by Milne and Chatten (11). Sandri 
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(12) has determined promethazine, chlorproma- 
zine, and diethazine by a bromination technique 
involving back titration of the excess bromide. 
The 1958 British Pharmacopoeia procedure for 
chlorpromazine is an acid-base back titration 
method (13) and the United States Pharmacopeia 
method for crystalline chlorpromazine is a non- 
aqueous titration procedure in glacial acetic acid 
( 8 ). 

Blazek (15) has simplified the original gravi- 
metric method with silicotungstic acid which was 
introduced by Blazek and Stejskal (14). He 
has employed titration techniques with polaro- 
graphic detection of the excess tungstate at the 
end point (15), Diethazine, chlorpromazine, 
and promethazine have been determined this way. 

It was the purpose of this investigation to 
compare existing methods with the nonaqueous 
procedures developed in this laboratory, in an 
attempt to find suitable assays for these pheno- 
thiazine, -derivatives and their pharmaceutical 
preparations. 

EXPERIMENTAL 

Reagents. — Glacial acetic acid, A. C. S. ; benzene, 
A. C. S. ; chloroform, A. C. S. ; acetone, A. C. S. ; 
methanol, A. C. S.; ethanol, 95%; dioxane, Eastman 
Kodak; hexane, B. D. H. laboratory' reagent; di- 
methylformamide, Anachemia, b. p. 152-154°; 
nitromethane, B. D. H. laboratory chemical or 
Eastman Kodak, practical grade, redistilled, b. p. 
100-101°; 0.05 N perchloric acid in dioxane stand- 
ardized against potassium acid phthalate, A. C. S., 
in glacial acetic acid with crystal violet as indi- 
cator; 0,05 N potassium hydroxide in methanol 
standardized against potassium acid phthalate, 
A, C- S., in 1 ; 1 watcr-methanol with phenolphthalein 
as indicator; 0.1 N sodium methoxide in methanol 
standardized against benzoic acid, U. S. P., in di- 
methylfomiamide with thymol blue as indicator; 
1% and 5% dimethyl yellow in chloroform; 1% 
tropaeolin 00 in methanol; 1% thymol blue in 
metlianol; 6% mercuric acetate in glacial acetic 

/ 
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acid, 10% silicotungstic acid solution 40% potas 
Slum hj dro\ide solution , sodium sulfate, ACS 

Apparatus — 1 islici titiimctcr, model No ') 
dlllA, and Beckman jiH meter, model G, nitli 
glass indicator electrode and slee\ e t> pe calomel 
reference electrode, 10 ml semimicro buret me is 
unng to 0 02 ml 

Nonaqueous Procedures with Crystalline 

Materials" 

Dibasic Drugs — Prochlorperazine dimalcate ( 1 
methyl 4 [3 (2 chloro 10 phenothiazmy 1) propyl] 
piperazine dimaleate), thiopropazate dihy drochlo 
ride (l'(2 acetoxy ethyl) 4 [3 (2 chloro 10 phenothi 
azinyl) propyl] -piperazine dihy drochloride). Per 
phenazme (1 (2 hydroxy ethy 1) 4 [3 (2 chloro 10 
phenothiazinyl) propyl] piperazine) 

An accurateh known quantity (approx 50 mg) of 
the base is titrated in 2 1 benzene nitromethanc 
with total volume of about 150 ml using perchloric 
acid in dioxane as titrant and 3 drops of tropaeolm 

00 solution as indicator The indicator color change 
is from yellow through amber to pink violet or 
complete disappearance of the amber hue \\ here 
the starting material is a salt the titration mixture 
may be obtained by extraction of an aqueous basic 
solution of the salt with six 15 ml portions of ben 
zene and subsequent addition of nitromethanc \ 
minimum of potassium hydroxide solution should 
be employed while the aqueous solution should be 
nearly saturated with sodium sulfate in order to 
prevent emulsion 

The acid moiety of thiopropazate dihy drochloride 
may be titrated in chloroform (50 mg crystalline 
material in 60 ml solvent) with potassium hy droxide 
m methanol, or in dimethy Iformamide (150 mg 
cry stalline material in 50 ml solvent) u itli potassium 
mcthoxide in methanol Three drops of thymol 
blue indicator solution is used and the color changes 
are, respectively , y ellow through green to full blue, 
and y ellou to gray green or complete disappearance 
of the yellow hue 

Monobasic Drugs — Mepazme by drochloride 

monohydrate (N raethy Ipiperidy 1 (3) inetliy 1 phe 
nothiazine liy drochloride monohy drate), aceproma 
zine malcate (10 (3 dimetliylammopropyl) 2 (ace 
tyl) phenothiaziiie malcate), triflupromazmc h\ 
drochloride (10 (3 dimeth\ 1 aminopropyl) 2 (tri 
fluoromethyl) phenothiazme h\ drochloride) 

An accurately known quantity of the salt (ap 
prox 70 mg ) is dissolved in 50 ml acetone and, m 
the case of hy drochloride salts, 0 5 nil mercuric 
acetate solution is added With mcpaziiie and 
triflupromazmc, where 2 drops of 1% dimethyl 

1 ellow solution are added, the end point color 
change is from yellow to orange, whereas with 
acepromazine, where 2 drops of 5% dimetlnl 
1 ellow solution are used, the end point color change 
IS from orange y ellow to the first full orange color 
Perchloric acid in dioxane is the titrant m all 
instances 

Mepazme hydrochloride is titrated as the base 
m 2 1 hexane acetone bi extraction of the salt m the 
same manner as that cniplo\ed with the dibasic 
drugs but four 20 ml portions of hexane arc used 


I In all nonaqueous procedures the blank for the particular 
soUent sj stem used should be determined iisinK the same in 
dicator and end point color chance as described in the pro 
cedures themseUes 


ind acetone is subsequently added The procedure 
then follows exactly that used for the salt 

Gravimetric Procedures with Crystalline 
Materials 

This procedure is applicable to all the above men 
tioned tranqiiihzmg drugs except prochlorperazine 
dimaleate and follows the original technique of 
Blazek and Stejskal (14) 

Accurately weigh approx 0 00 M E (20 mg 
w itli monobasic drugs and 10 mg w ith dibasic drugs) 
of the compound into a beaker containing 20 ml dis 
tilled water and 1 ml concentrated hydrochloric 
acid, warm the solution to 70° and add, dropwise, 
8 ml silicotungstic acid solution Collect the pre 
cipitatc 111 a tared, sintered glass crucible, washing 
with 50 ml distilled water, and dry to eonsbint 
weight 

Nonaqueous Procedures with Pharmaceutical 
Preparations 

Prochlorperazine Dimaleate Tablets — Weigh and 
powder 20 tablets Transfer an accurately weighed 
qiiantiti of the tablets equivalent to 50 mg pro 
chlorperazmc into a 250 ml separatory funnel con 
taming 150 ml distilled water, 0 2 ml potassium 
by droxide solution and approx 3 Gm sodium sul 
fate Proceed as m cr\ stalline prochlorperazine 
dimaleate method extracting with six 15 ml portions 
benzene 

Suppositories — Dissolve 20 suppositories in 
benzene eontaiiied in a 250 ml volumetrie flask and 
make up to the mark with the same solvent Take 
an aliquot of 40 ml , add 20 ml nitromethanc, 1 
drop tropaeolm 00 indicator solution, and titrate 
with perchloric acid in dioxane The end point is 
the same as that observed with the crystalline pro 
chlorpcrazine dimaleate determination 

Thiopropazate Dihydrochlonde Tablets. — Pro 
cccd as directed for the prochlorperazine dimaleate 
tablets determination 

Mepazme Hydrochloride Monohydrate, Acepro- 
mazine Maleate, and Triflupromazine Hydrochlo- 
ride Tablets — \t"eigh and powder 20 tablets Ac 
curately w eigh a quantity of tablet mass equiv alent 
to about 70 mg of the drug and extract with 50 ml 
of acetone for ten minutes, employung an electro 
magnetic stirrer Filter through a fine sintered glass 
funnel with the aid of suction, washing the beaker 
and residue with 30 ml acetone Proceed as di 
rccted in the determination of the erv stalline mate 
rials for each particular compound beginning after 
the dissolution of the pure drug m acetone 

Mepazme Ampuls — Empty the contents of 10 
ampuls into a beaker and pipet a quantity of ampul 
solution equivalent to about 70 mg mepazme hy dro 
chloride into a 125 ml separatory funnel containing 
25 ml distilled water, 0 2 ml potassium hydroxide 
solution, and 1 Gm sodium sulfate Proceed as 
directed m the cry stalline mepazme hy drochloride 
monohydrate determination as the base extracting 
with four 20 ml portions of hexane 

Gravimetric Procedures with Pharmaceutical 
Preparations 

Acepromazine, Perphenazine, and Trifluproma- 
zine Tablets — Weigh and powder 20 tablets 
Weigh a qiiantitv of the tablet mass equivalent to 
about 0 15 milliequivaknts of active ingredient and 
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evtract with 25 ml ethanol for ten minutes employ- 
ing an electromagnetic stirrer Filter through a 
fine sintered-glass funnel with the aid of suction, 
washing the beaker and residue with 30 ml ethanol 
Ev’aporate the ethanol and redissolve the residue in 
10 ml distilled water containing 0 5 ml concen- 
trated hj drochlonc acid Transfer to a 50 ml 
\olumetric flask with the aid of hj drochlonc acid 
solution of the same concentration and make up to 
the mark with the same acid solution Take a 20- 
ml aliquot, filter if necessary, and proceed as di- 
rected for the determination of the crj stalhne mate- 
rial beginning at “warm the solution ” 
Acepromazine Ampul and Drop Solutions.— Take 
an aliquot equivalent to 0 06 M E of active in- 
gredient from the solution of 10 ampuls or the drops 
solution, make up to 20 ml , and add 1 ml concen- 
trated hydrochloric acid Proceed as directed for 
the determination of the crystalline material be 
ginning at "Warm the solution ” 


DISCUSSION 

The phenothiazine derivatives investigated in this 
work may be classified by their monobasic or di 
basic character The monobasic drugs trifluproma 
zine hydrochloride, mepazine hydrochloride mono 
hydrate, and acepromazine maleate were assajed 
similarly to the hydrochlorides of chlorpromazme 
and promazine as outlined in a previous publication 
from this laboratory (11) Dimethyl vellow indi- 
cator, however, was used in place of methyl red 
Mercuric acetate was employed with the hydro 
chloride salts m both instances Assay' results 
and standard deviations for cry'stallme drugs are 
given in Table I and those for pharmaceutical 
forms in Table II 

For solubility reasons, e.\traction from aqueous 
basic medium was employed with prochlorperazine 
dimalcate and thiopropazate dihy drochloride while 
direct dissolution in the e\traction solvent was used 
for perphenazine base The water immiscible ex- 
traction soUents chosen were benzene, chloroform, 
and hexane and for potentiometric titration pur- 
poses these were mixed with nitromethane. aceto 
nitrile, and acetone While differential titration 
curves were obtained m all instances except hexane 
nitromethane and hexane acetonitrile which were 
immiscible combinations, the second potential break 
was sharp enough onl\ m the hexane acetone and 
benzene nitromethane systems to warrant further 
inicstigation Onh the latter system was used in 
this work, the hexane acetone combination being 
the subject for future nix estigation Tropaeolm 
00, the indicator used by Yokoxaraa and Chatteii 
(IS) in the benzene nitromethane formic acid 
s\ stem was found to be satisfactory for the titration 
of these dibasic drugs 

Pifcr and \\ ollisli (17) haxe reported that the 
addition of an aprotic soixeiit to a polar solvent 
sharpens the end point In the hexane acetone and 
benzene nitromethane corabmatioiis such addition 
appc.ars to improx c the second potential break but 
at the expense of the first end point in both instances 
The separate components of the benzene mtro 
meth me s\ stem hax c been eniplox ed before for the 
titrition of bases bx various workers (19, 20, 21) 
ITowcxer, Chatten, Pern iron ski, and LcM(22)havc 


reported a disadx'antage with nitromethane Ap- 
parently amines w ith pK.b x'alues less than 11 displax 
two potential breaks when titrated m nitromethane 
They have shown that the formation of a nitro- 
methane addition product with the amine is possible 
and postulate that its formation accounts for the 
second potential break and limited success m the 
titration of amines reported bx Fritz and Fulda 
(20) Although It has been observed here that 
acepromazine and mepazine display' two potential 
breaks when titrated in benzene nitromethane 
(2 1), no such phenomenon was encountered upon 
titration of the dibasic drugs in this sx stem nor hax e 
Ciaccio, el al (21), reported aiix trouble in their 
work with nitromethane However, as an added 
precaution against erratic recoveries due to such 
interference, the second and last potential break 
was used for the calculation of recoveries Trop 
aeohn 00 changes color at this potential break and 
the curve and color changes depicted in Fig 1 are 
representative of the titrations of all the dibasic 
drugs m benzene nitromethane 



Fig 1 — Titration of prochlorperazine base 
from crystalline prochlorperazine dinialeate in a 
2 1 mixture of benzene nitromethane using the 
Beckman pH meter 

Although the benzene nitronietlianc system was 
chosen specificallx for the assax of the pharmaccuti 
cal forms of the dibasic drugs and its application to 
crx stalhne drug was successful, its use was limited 
with the manufactured product Prochlorperazine 
dimalcate and thiopropazate diliy drochloride were 
successfullx determined in tablets but thiopropazate 
dihx drochloride gave erratic rccox tries, indicated 
bx a large standard deviation (see Table 11) The 
rtcox cries bx the procedure for perphenazine tablets 
Here both low and erratic Upon iin estigatioii of 
the tablet formulation, the actixated charcoal, 
present as an excipient, was shown to be the cause 
The results for .all the crx stalhne dibasic drugs and 
their pharmaceutical forms along with standard 
eltxialionsaregixtii in Tables I and H, respectixeix 
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Table I — Results of the Analyses of Crystalline Drugs 







Gra\i 


Non- 






Gravimetric 

metric 


aqueous 

Control 

Crystalline Form 

ivroi 


Conversion 

Recovery. 

Nonaqueous 

Standard 

Procedure 

of Drug 

wt 


Factor 

% 

Recovery, % 

Deviation 

Recovery, % 

Triflupromazine 

hydrochloride 

-■Acepromazine 

388 

88 

0 

3658 

99 52 

99 20 

0 425. 


maleate 

Mepazine 

444 

52 

0 

4267 

99 68 

WO 06 

0.144 

100.6 

liN'drochloride 

monohj'drate 

364 

93 

0 

3574 

100 80 

99 14 (as salt) 

0 245 





0 

3514 (with one 
mole water) 

99 80 

99 02 (as base) 

0 446 


Prochlorperazine 









dimaleate 

006 

07 




98 96 

0 253 

100 4 

Perphenazine 

Thiopropazate 

403 

99 

0 

2213 

98 no 

99 50 

0 364 


dihydrochloride 

519 

94 

0 

2847 

98 11 • 

98 06 

0 447 

• 98 98 (in CHCI3) 
98 05 (in DMF) 



Table II 

— Results op' the Analyses op Pharmaceutical Forms 




State of 


Nonaqueous 


Control 

Pharmaceutical 

Brand 

Active 

Nonaqueous 

Standard 

Gravimetric 

Procedure 

Form 

Name 

Ingredient 

Recovery, % 

Deviation 

Recovery, % 

Recovery, % 

Triflupromazine 

Vesprin 

Hj'drochloride 

99.13 

0 655 

98 20 

99.38 

tablet 

Acepromazine 

Plegicil 

Maleate 

97 01 

0 590 

97 84 

108.00 

tablet 

Acepromazine 

Maleate 

98 36 


103 2 

111.00 


drops 

Acepromazine 


Maleate 

95 23 


98 16 

92 00 

ampul 

Mepazine tablet 

Pacatal 

Hydrochloride 

100 18 

0 610 


98 96 

Mepazine ampul 


Acetate 

102 10 

0 150 


99 04 

Prochlorperazine 

Stemetil 

Dimaleate 

96 63 

0 680 


97.01 

tablet 







Prochlorperazine 


Free base 

102 10 

0 162 



suppository 

Perphenazine 

Tnlafon 

Free base 



103 2 

102.. 55 

tablet 

Thiopropazate 

Dartal 

Dihydrochloride 

99 67 

1.62 


98 24 

tablet 








Both the Fisher titrimeter and Beckman pH meter 
with glass-sleeve type calomel electrode combina- 
tion were employed and perchloric acid in dioxane 
was the titrant in all instances Where the titra- 
tion solvent was water miscible, leakage of the salt 
bridge solution from the calomel electrode caused 
the potential and indicator color change to reverse 
Replacement of the aqueous salt bridge with a 
potassium chloride saturated solution of the titra- 
tion solvents gave erratic results and slow response. 
The silver -silver chloride reference electrode was 
tried but it afforded a confined potentiometric 
range less than one half the range offered by the 
calomel electrode and could only be used for the titra- 
tion of the monobasic drugs. However, it was 
found that the application of grease to the sleeve of 
the calomel electrode prevented leakage and con- 
sequently allowed its use in all cases. 

The Blazek a'nd Stejskal gravimetric procedure 
was applied with success to all the crystalline com- 
pounds e.\cept prochlorperafcine dimaleate. The 
structure of all silicotungstic acid precipitates was 
assumed to be four equivalents of nitrogen contrib- 
uted b}' the drug to one equivalent of silicon con- 
tributed by the silicotungstic acid Table I shows 


the value of the gravimetric conversion factor used 
for each precipitate for conversion to the quantity 
of crystalline drug originally present in the form 
used, along with percentage recoveries of pure drug 
calculated by use of these constants With the 
constant for thiopropazate it was assumed that the 
drug hydrolyses completely to perphenazine, proof 
of which is indicated by comparison of the recoveries 
using this constant with those arrived at by other 
methods Two constants and percentage recoveries 
are given for mepazine, the first assuming the pre- 
cipitate to contain one mole of water as does the 
hydrochloride salt, the second assuming the absence 
of water. B3^ comparison with nonaqueous results, 
the first constant appears to give recoveries closer 
to the correct figure This gravimetric procedure 
has been applied to the following pharmaceutical 
preparations; triflupromazine tablets, acepromazine 
tablets, ampuls and drops, and perphenazine tablets 
The results appear in Table H 

The control methods which were developed by 
the pharmaceutical manufacturers for their products 
were also investigated and compared to the other 
procedures In all instances but one, prochlor- 
perazine suppositories, at least two methods of 
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assay, selected from nonaqueous, gravinietric, and 
control procedures were performed in order to verity 
results. 

Two control procedures have been developed by 
the manufacturers of prochlorperazine (23) for the 
determination of crystalline prochlorperazine dima- 
leate and its pharmaceutical preparations; (o) 
nonaqueous titration of the acid moiety (maleic 
acid) in dimethylforraamide with sodium methoxide 
in methanol as titrant and thymol blue as indicator 
and (b) nonaqueous titration of the drug in glacial 
acetic acid with perchloric acid as titrant and a- 
naphthol benzein as indicator. Neither with the 
pure substance nor the pharmaceutical forms was it 
possible in this laboratory to obtain a sharp end 
point in the former procedure and the accuracy of 
the method was doubted for this reason. Hoivever, 
results submitted by the manufacturer and those 
obtained with the same lot of tablets by the non- 
aqueous method developed in this laboratory com- 
pared favorably (see Table II). The titration in 
glacial acetic acid was limited to pure drug only 
and the results are given in Table I. 

In order to verify the results of the nonaqueous 
procedure developed here for thiopropazate dihy- 
drochloride using the benzene rnitromethane solvent 
system, two additional nonaqueous procedures were 
developed and used, both of which involve the 
titration of the acid moiety (hj'drochloric acid) of 
thiopropazate dihydrochloride. In the first in- 
stance, the drug is titrated in dimethylformamide 
with sodium methoxide in methanol while, in the 
second, the solvent is chloroform and the titrant, 
potassium hydroxide in methanol. When the po- 
tentiometric titration curves were taken, differential 
titrations were observed and the indicator, thymol 
blue, in both instances changed at the second milli- 
volt maximum. The chloroform curve could not 
be detected initially because the meter readings were 
very unsteady until sufficient methanol from the 
titrant had been added. Table I gives the recoveries 
by both methods. 

An attempt was made to apply both of these pro- 
cedures to thiopropazate tablets but with little 
success. The dimethylforraamide titration did not 
give a sharp indicator color change or potentiometric 
break and the chloroform extraction and titration 
gave low results. Tablet formulations were made 
up and certain e.xcipients eliminated in order to de- 
termine the cause of the low recoveries in the chloro- 
form titration and it was found that the sodium 
sulfate, which was present in large quantity, was the 
interfering ingredient. Since no acidic excipients 
were present in the tablet formulation, it was felt 
that extraction and titration in chloroform : methanol 
might be possible. However, low recoveries were 
still obtained with the tablets and when crystalline 
product was titrated, the second potential break and 
indicator color change deteriorated with the in- 
creased proportion of methanol. In the control 
procedure submitted by the company (24), the 
compound is detennined by the potentiometric 
titration of the ionic chloride with silver nitrate 
using the glass-silver electrode combination. The 
results of this procedure with tablets are given in 
Table 11. 

Titration of crystalline thiopropazate dihydro- 
chloride as the acetate in chloroform :nitroraethanc” 
was also tried. Although no sharp potential breaks 


resulted and thus the method could not be used, it 
is interesting to note that a diSerential titration was 
obtained. Ciaccio, el al. (21), have explained the 
differential titration of the free bases of piperazine 
derivatives by the decreased strength »of the second 
nitrogen after neutralization of the first. They ex- 
plain that the presence of a proton on the neutral- 
ized nitrogen lessens the attraction of a proton to the 
remaining nitrogen. The explanation may be used 
to account for the differential titration of the ace- 
tate in chloroform .nitromethane. The differential 
acid moiety titrations in dimeth 5 dformamide and 
chloroform may be accounted for similarly by the 
enhanced proton affinity of the basic nitrogen carry- 
ing the untitrated hydrochloride group after re- 
moval (by neutralization) of the hydrochloric acid 
from the other nitrogen. Ciaccio, el al. (21), noted 
that disubstituted piperazine bases displayed only 
one 'potentiometric break in glacial acetic acid 
when titrated with perchloric acid in acetic acid. 
It has been found that thiopropazate acetate, formed 
from the hydrochloride ivith mercuric acetate, acts 
similarlj' when titrated with perchloric acid in 
dioxane. Because perchloric acid is sufficiently 
strong to partially titrate thiopropazate dihydro- 
chloride, an attempt to titrate the basic excipients 
before addition of mercuric acetate was unsuccessful. 

The control procedure for perphenazine is an 
ultraviolet spectrophotometric procedure with meth- 
anol as soh’ent (25). Comparisons with a standard 
solution are read at about 257 m/i. Mepazine is 
determined similarly with ethanol as solvent for 
tablets (water for ampuls) and readings are taken 
at about 254 m/j (26). The results of these pro- 
cedures as applied to commercial preparations are 
given in Table II. 

For control purposes crystalline acepromazine 
maleate was determined in glacial acetic acid with 
perchloric acid as titrant and cr 3 'stal violet as indi- 
cator (27). The results of this assay are given in 
Table I. However, tlie commercial forms of this 
drug were determined by a colorimetric procedure 
using a sulfuric acid-bromine water reagent (27). 
Erratic results were obtained by this method even 
within the readings of the standard solutions. The 
results of this technique are given in Table II also. 
Because of the erratic nature of all the readings taken 
in this procedure and the low recoveries obtained 
by nonaqueous titriraetry for the aqueous prepa- 
rations of both pure drug and commercial products, 
it was felt that the gravimetric recoveries were the 
most accurate and are the accepted results for the 
aqueous preparations. The reliability of the gravi- 
metric procedure is also borne out by the fact that 
the gravimetric and nonaqueous results agree well 
for both the tablets and crystalline drug. 

The control method for triflupromazine tablets is 
also an ultraviolet spectrophotometric procedure 
(28) similar to that given for chlorpromazine in the 
U. S. P. XV supplement (8). Results of this pro- 
cedure are also given in Table II. 
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Some Aspects of the Central Nervous System Activity 
of a Series of Urazole Derivatives* 

By C. L. MITCHELL, t H. H. KEASLING, and E. G. GROSS 

The neurotoxicity, antielectroshock, anti-Metraxol, and antistrychnine activities of 
a series of urazole' compounds have been determined in mice. The compounds 
were relatively short acting and nontoxic. In general, the members of the series 
were found to be highly specific against maximal Metrazol seizures. Variations in 
the substituted nitrogen groups yield compounds possessing anti-Metrazol, anti- 
strychnine, convulsant, and depressant type actions. 


' I 'he similarity of the urazole and hydantoin 
-*■ nucleus prompted the present investigation of 
the C. N. S. activity of a series of substituted 
urazoles. The structures of the derviatives stud- 
ied are detailed in Table I. The compounds were 
administered to mice and their observable effects 
were noted. In addition, their antielectroshock, 
anti-Metrazol, and antistrychnine activities were 
tested. This report details the results of these ex- 
periments and some observations with regard to 
the structure-activity-relationship of their C. N. 
S. actions. 

EXPERIMENTAL 

Adult male albino mice obtained from tiie Car- 
worth Farms (CF No. 1 strain) were maintained on 
Purina laboratory chow and allowed free access to 
food and water except during the test period. The 
mice were used for one e.xperiment only. The test 
procedures emploj-ed were: (a) the supramaximal 
electroshock seizure technique, M E. S , of Toman, 
el al. (1), in which alternating current, 50 ma. of 0 2 
second duration was delivered through Spiegel cor- 
neal electrodes (2) from an electroshock apparatus 
constructed according to the design of Woodbury- 
and Davenport (3); (i) the maximal Metrazol 

seizure test, M. M S. of Goodman, el al. (4), in which 

* Received July 28, 1958, from the Department of Phar 
macology. College of Medicine, State University of Iowa, 
Iowa City. . _ . . Ti 
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Metrazol,’ 38 mg /Kg , was inj'ected intravenously. 
The end points for both tests were the abolition of 
the tonic extensor components of the seizure pat- 
tern; and (c) ability to prevent death from strych- 
nine, m which 2 5 mg /Kg of strychnine was in- 
jected intraperitoneally (5) 

All compounds were suspended in 10% gum acacia 
for oral administration The convulsant stimulus 
was originally delivered one hour following urazole 
administration but early in the testing at 1 Gm./Kg 
it was noted that the compounds were rapidly ab- 
sorbed and of short duration. Therefore, subsequent 
tests at 1 Gm /Kg and all lower doses were deter- 
mined thirty minutes after dosage Phenobarbital, 
trimethadione,’ and diphenylhydantoin’ were tested 
at the optimum times suggested by Swinyard, el al. 
(0). Those compounds exhibiting protection at 1 
Gm /Kg from electroshock and/or Metrazol were 
then administered in dosages of 300, 100, and 30 
mg /Kg until less than 50% of the animals were 
protected. 

Acute neurotoxicity (NT) was determined by the 
method of Swinyard, el al. (6). The following end 
points were used: (a) positional sense test, (5) right- 
ing test, (c) gait and stance test, (d) muscle tone test, 
and (e) equilibrium test Neurotoxicity was re- 
corded when an alteration in response to the above 
procedures "as observed. The mice were examined 
at fifteen minute intervals for at least one hour and 
thereafter until two successive examinations indi- 
cated no change, or until a decrease in the number of 
mice exhibiting neurological symptoms was seen. 

The 50% neurotoxic dose (TDjo) and the 50% 

^ The isretrazo) uas kindly supplied through the courtesy 
of Dr R O Hauck, Knoll Pharmaceutical Co 

* The tnmethadione was kindly supplied through the cour- 
tesy of Dr R K Richards, Abbott Laboratories 

* The diphenylhydantom was kindly supplied through the 
courtesy of Dr C'rrabam Chen, Parke, Davis and Co 
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Table 1. — Structures of Urazolb Derivatives 
Rj 

/N^ 

0=c c=o 
I I 

Ri—N N— R. 


UR 

No. 

Ri 

Ri 

Ra 

UR 

No. 

Ri 

R, 

Ri 





0 
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4 

H 

H 
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40 
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H 

CHa 

17 
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> H 


H 

CH, . 
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20 

< 6 > 

0 

H 

37 

H 

H 

NH. 

24 
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> Ji Ca 

1 

H 

e 

H 

29 

<A-> 

0 

n — C, 

3 

H 

B 

CHa 

42 

< 8 > 

6 

CHa 

8 

CHa 

0 

H 

44 

<'s'> 

0 

CH.CHjOH 

9 

CHa 

e 

CHa 

15 

CHa? 

0 

H 

46 

CH, 

e 

CH-CHaOH 

30 

CHa9 

0 

n — Ca 

47 

CHj 

0 

»— Ca 

31 

CHa? 

0 

CHj? 

10 

n- — Cz 

0 

H 

43 

CHa? 

0 

CHj 

13 

iso-Cs 

0 

H 

45 

CHa? 

0 

CH-CHaOH 

23 

n— Cs 

0 

H 

2 

0 

0 

H 

25 

c. 

0 

H 

6 

e 

0 

CHj 

26 

n-Ca 

0 

«-Ca 

11 

0 

0 

iso-Cs 

27 

iso-Cs 

0 

il-Ca 

13 

0 

0 

n-Ca 

28 
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0 

H 

14 

0 

0 

0 

49 
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H 

16 

0 

0 
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50 
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0 

CH, 

18 

0 
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0 

0 

CHjCHaCl 
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Cs 
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iso-Ca 
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iso-Ca 
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«-Ca 
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0 

0 

CHaC— NHs 









3S 

C—OCfii 

0 

C— OCaHa 

41 

0 

0 

CHjC—ONa 


eflcctivc dose (EDso) of the urazole compounds were 
determined tliirty minutes after tlie administration 
of tlie drug. Similar tests for trimetliadione, pheno- 
barbital, and diphcnylhydantoin were determined 
at one and one-half hours, two hours, and three 
hours, respectively. The TDjo or EDjn was obtained 
by plotting the effect of at least 3 dose levels yielding 
between 10 and 90% effect on log-probit graph paper 
and fitting the points with a straight line. At least 
10 mice were utilized in determining each point. 
The computations for fitting the probit- log dose 
regression line, the determination of the TDso, EDw, 
protective index (P. I.), ratio of ED-,ii M. E. S./ 
EDjo M. M. S., and the 95% confidence interval 
were done according to the method of Finney (7), 

The time of peak anticonvulsant effect and dura- 
tion of action of one compound (UR 2(1) was deter- 
mined by the M. M. S. test. An appro.ximate EDeo 
of UR 20 was administered to 6 groups of 10 animals. 
The respective groups of mice were then injected 
with Mctrazol at fifteen, thirty, forty-five, sixty, 
ninety, and one hundred and twenty ininuics. 

The sleeping time produced by two compounds 
(UR Xos 12 and 23) was compared witlt Itcxobarbi- 


tal. Sleeping time was recorded as the time interval 
in which the righting reflex of the mice was absent. 
The effect of two convulsant compounds (Nos. 35 
and 36) upon the sleeping time of hcxobarbital was 
also determined. The convulsant compounds were 
administered orally, two minutes prior to the i. p. in- 
jection of hcxobarbital. Tlie 05% confidence inter- 
vals were calculated according to the method of 
Snedecor (8). 

RESULTS 

In general, the compounds were relatively 
iiontoxic. No mice weie killed at I Gm./Kg. 
with the exception of UR Xos, 34, 35, and 36 which 
were lethal convulsants (vide infra), UR Nos. 13 and 
23 which produced stimulation followed by pro- 
found depression (vide infra), and UR No. 10. The 
predominant neurotoxic effect n-as ataxia. Flaccid 
paralysis was noted following administration of 
UR 8. 

The anticonvulsant activities arc detailed in Table 
II. Our data for phenobarbital (TDjn, 60 mg./Kg., 
EDio M. E. S., 21 mg./Kg.) and diphenylhydantoin 
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Table II — Anticonvulsant Activitv of Urazoles"' ' 


UR No . 

Test 

1,000 

300 

100 

8 

NT"* 

7/20 

0/10 


8 

MES« 

7/10 

4/10 


8 

MMS-^ 

5/-5 

5/5 

0/10 

9- 

NT 

4/10 

0/10 


9 

MES 

9/10 

0/10 


9 

MMS 

5/5 

0/10 


46 

NT • 

2/20 

0/20 

0/10 

46 

MES 

10/10 

0/10 


46 

MMS 

10/10 

4/7 

1/8 

47 

NT 

6/20 

0/20 


47 

MES 

6/10 

0/10 


47 

MMS 

10/10 

3/9 


10 

NT 

20/20 

9/10 

1/10 

10 

MES 

10/10 

10/10 

2/10 

10 

MMS 

5/5 

10/10 

10/10 

25 

NT 

20/20 

5/10 

0/10 

25 

MES 

10/10 

7/10 

0/10 

25 

MMS 

5/5 

10/10 

8/8 

26 

NT 

7/10 

2/10 

0/10 

26 

MES 

10/10 

7/10 

0/10 

26 

MMS 

4/5 

9/10 

3/10 

28 

NT 

20/20 

6/10 

0/10 

28 

MES 

10/10 

9/10 

0/10 

28 

MMS 

5/5 

9/10 

4/10 

49 

NT 

20/20 

20/20 

6/20 

49 

MES 

10/10 

10/10 

0/10 

49 

MMS 

8/8 

9/9 

8/8 

50 

NT 0 

20/20 

15/20 

2/20 

50 

MES 

7/10 

7/10 

0/10 

50 

MMS 

7/8 

6/6 

3/4 

51 

NT 

7/20 

0/20 


51 

MES 

5/10 

0/10 


51 

MMS 

. 8/8 

* 1/10 


53 

NT 

20/20 

• 0/20 


53 

MES 

5/10 

0/10 


S3 

MMS 

10/10 

0/10 


40 

NT 

20/20 

0/10 


40 

MES 

8/10 

0/10 


40 

MMS 

5/10 

3/8 



30 

UR No 

1,000 

300 

100 

30 



11/20 

3/10 

0/10 



20 

8/10 

7/10 

0/10 




5/6 

8/10 

6/10 

3/10 



0/20 

0/10 




42 

0/10 






7/10 

0/8 





1/20 

0/10 




44 

0/10 






6/10 

2/10 





0/20 

0/10 




30 

5/9 

0/10 





5/8 

0/10 





0/20 

0/10 




43 

0/10 




2/10 


5/8 

0/10 





0/20 

0/10 

0/10 



45 

5/10 

0/10 

* 


2/10 


10/10 

5/8 

0/10 




20/20 

5/10 

0/10 



2 

10/10 

7/10 

1/10 




5/5 

10/10 

7/10 

1/10 



4/10 

0/10 



• 

6 

7/10 

0/10 





5/5 

4/10 





0/20 





16 

3/10 

0/10 



2/8 


7/8 

4/10 





6/20 

0/10 




18 

9/10 

0/10 



1/8 


4/8 

0/10 





4/10 

0/10 




32 

10/10 

0/10 





5/5 

6/9 

0/10 




0/20 

0/10 



39 

0/10 






4/5 

6/9 . 

3/8 




0/20 





41 

0/10 






3/8 





« UR Nos 4, 5 7, 37, I, 27 52 38 17 24, 2’), 31 11, 13, 14, 19, 21, 22, and 33 inactive at 1 Gm /Kg 
b UR Nos 3 34, 35, and 3G are convnlsant (see text) 

c UR Nos 12, 15, and 23 stimulate, then depress at I Gm /Kg (see text) 
d NT = Neurotoxicity (see text) 

« MES =* Supramaximal electroshock technique (see text) • 

/ MMS 5= Maximal Metrazol seizure test (see text) 


(TDso, 100 rag /Kg , ED50 M E S , 14 rag /Kg ) 
compare favorabl}' with those of Swinyarcl, el al (6), 
(phenobarbital — TDso, 60 mg /Kg , EDsoM E S,20 
mg./Kg .anddiphenylhydantoin — -TDso, 90 rag /Kg , 
EDso M E * S , 10 mg /Kg ) While the urazole 
compounds were relatively ineffective against M E 
S in non-neuroto\ic doses, good anti-M M S ac- 
tivity was demonstrated 

The protective index against MMS was deter- 
mined for the more active members of the series 
The compounds selected were UR-2, 10, 20, 25, and 
49 The protective indexes of trimethadione and 
phenobarbital « ere also detei mined These data are 
presented in Table III. Our data for the oral ED50 
values of trimethadione and phenobarbital are in 
general agreement witli the subcutaneous ED50 
values of 198 rag /Kg for trimethadione and 9 mg /- 
Kg for phenobarbital sodium, obtained bj^ Good- 
man, cl al (4) The ratio of EDso MES /ED50 
M M S nas determined for the above compounds 
and diphenylhydantoin. These data are presented 
in Table IV The relative selectivity of UR 2, 20, 
and 49 as M M S antagonists is particularly strik- 
ing. Our data for the ratio of EDao M. E S /EDso 
M- 1^1- S fo'' phenobarbital sodium and trimethadi- 


one are in general agreement with Goodman, el al 
(4), and Chen, el al (9) Our ratio for diphenylhy- 
dantoin lies betfreen the ratio of 0 19 obtained by 
Goodman, el al , and the ratio of 2 1 obtained by 
Chen, el al In the study of Goodman, el al. (4), 
the compounds were given subcutaneously, whereas, 
we administered the compounds orally Chen, el al 
(9), used aidodification of the intravenous Metrazol 
infusion technique, and an electroshock stimulus 0 ^ 
different intensity than that used by us These dif- 
ferences ma 5 ' account for the discrepancies obtained 
in the three laboratories 

Time-duration studies on UR 20, 100 mg /Kg (Fig. 
1). indicate that this compound has a peak effect 
fifteen minutes after administration It possesses 
little, if ail}', protective action one hour after ad- 
ministration The neurotoxicity tests indicated 
that all active members of this series are rapidly ab- 
sorbed from the intestinal tiact and have a relatively 
short duration of action 

UR .3 produced hyperactivity at a dose of 1 Giii./- 
Kg Only 3 out of 10 mice survived the electroshock 
stimulation, whereas lie have found that control 
mice usually survive this test 

Compounds UR 34, 35, and 30 produced coq- 
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Table III, — Toxicity, Anti-M. M. S. Potency, and Protectitc Indexes of UR 2, 10, 20, 25, 49, Tri- 

METHADIONE. AND PHENOBARBITAL" 


Drug 

Time,6 min 

Neurotoxicity, 

TDm, mg /Kg 

Potency. 

EDw, mg /Kg 

Protectii e 
Index, P I 

UR 2 

30 

295 

70 

4 2 

UR 10 

^ 30 

{163--380) 

168 

(48-100) 

48 

(2 6-6 2) 

3 0 

UR 20 

30 

(125-221) 

452 

(34-60) 

73 

(2 5-5 3) 

■ . 0 6 

UR 25 

30 

(322-634) 

294 

(52-90) 

54 

(4 4-10 4) 
5 4 

UR 49 

30 

(224-385) 

151 

(37-70) 

38 

(3 8-7 9) 

4 2 

Trimethadione 

' 90 

(99-195) 

975 

(26-47) 

236 

(2 9-6 0) 

4 0 

Phenobarbital 

120 

(760-1390) 

60 

(196-281) 

9 

(3 0-5 5) 

6 9 

sodium 


(47-77) 

(6-12) 

(4 8-10 1) 


® Values in parentheses represent the 95% confidence interval 
& Time elapsed alter administration of drug before Metrazol was injected 


Table IV. — Anti-M M. S Potency, Antx-M E S Potency, and Ratio ED^o M E S /EDyj M M S 
FOR UR 2, 10, 20. 26, 49, Trimethadione. Phenobarbital, and Diphenvlhydantoin® 


Drug 

Time, 6 tmn 

M M S Potency 
EDio. tng /Kg 

M E S Potency 
ED». mg /Kg 

Ratio EDm M E 
EUsoM M S 

UR 2 

30 

70 

508 

7 4 

UR 10 

30 

(48-100) 

48 

(404-619) 

136 

(5 1-10 4) 
2 9 

UR 20 

30 

(34-60) 

73 

(100-174) 

438 

(1 7-3 3) 

6 0 

UR 25 

30 

(52-90) 

54 

(359-528) 

262 

(4 6-8 I) 

4 S 

UR 49 

30 

(37-70) 

38 

(111-355) 

201 

(3 3-7 2) 

5 6 

Trimethadione 

90 

(26-47) 

236 

(133-271) 

1082 

(3 9-8 5) 

4 6 

Phenobarbital sodium 

120 

(196-281) 

9 

(923-1262) 

21 

(3 8-5 7) 

2 4 

Diphenylliydantoin 

180 

(6-12) 

11 

(17-25) 

14 

(1 7-3 3) 

1 3 



(9-12) 

(11-17) 

(1 1-1 7) 


l represent the 95% confidence interval 

1 ime elapsed after administration of drug before stimulus was deli% ered 


vulsions at 1 Gm./Kg. The mice receiving com- 
pound 34 exhibited only clonic seizures and died of 
respiratory failure within one hour. A dose of 500 
lugj/Kg. produced clonus within ten minutes. 

out of 10 animals died within two hours 
fSj^pound 35, 1 Gm./Kg., produced death in 6 out 
. of 10 mice within thirty minutes, while the remaining 
■ animals showed mild clonus and tonic flexor seizures 
^ ,^for an hour. At 500 mg./Kg , all had periodic mild 
. clonus and appeared stimulated for approximately 
forty-five minutes. UR 36, 500 mg./Kg.. produced 
clonus which rapidly changed to tonic flexor and 
tonic extensor seizures. Four out of five mice died 
within ten minutes after dosage. Neither UR 35 nor 
UR 30, at doses of 100 mg./Kg. atld 300 mg./Kg had 
any apparent effect on the sleeping time of mice re- 
ceiving 100 mg./Kg. of hexobarbital administered 
i p. (Table V). 

Compounds UR 12, 15, and 23, 1 Gm./Kg 
caused initial stimulation which was followed by 
profound depression. Table VI slioivs the mean 
sleeping time of UR 12 and UR 23, 300 mg./Kg , as 
compared to a similar dose of hcoxobarbital 

All active compounds u ere studied for their ability 
to protect against death produced by i p. injection's 
ol _.6 mg./Kg. of strx-chuinc. Only UR 8, 1 Gm./- 


Kg., provided significant protection and was com- 
parable to 250 mg./Kg. of Flexin^ and 500 mg /Kg. 
of mepheuesin (Table VII). 

DISCUSSION 

The qualitative changes in biological activity in- 
duced by variations in the substituent groups on the 
urazole nucleus provokes many speculations as to 
the nature of these relationships. In the following 
paragraphs certain of these relationships are de- 
tailed. How’ever, the possibility exists that these 
speculations are not very' reliable The compounds 
designated as inactive produced no observable ef- 
fects during a period of ninety minutes following oral 
admimstratiou of a dose of 1 Gm /Kg At least 
three possibilities are pertinent to the present dis- 
cussion; (a) These derivatives are delayed in onset 
beyond the period of observation, (6) they are not 
absorbed following oral administration, or (c) they 
arc unable to alter the tested phenomena The 
rapid onset and short duration of action of the active 
urazoles studied seems to render (a) unlikely These 





126 


Journal of the American Pharmaceutical Association A'ol. XLVIII, No. 2 



Table Y — Effect of UR 35 and UR 36 upon the 
Mean Sleeping Time of Hexobarbital, 100 
MG /Kg I p IN THE Mouse 


Hexobarbital, 

Mean 

Sleeping 

Time, 

957o 

Confidence 

100 mg /Kg 1 p uith 

ram 

Interval 

Nothing 

21 

13 9-28 1 

UR 35 100 mg /Kg (oral) 

24 

11 8-36 2 

UR 35 300 mg /Kg (oral) 

30 

18 2-41 8 

UR 36 100 mg /Kg (oral) 

29 

19 5-38 5 

UR 36 300 mg./Kg (oral) 

23 

12 6-33.4 


Table VI — Mean Sleeping Time of UR 12, UR 
23, AND Hexobarbital, 300 mg./Kg , Orally 


Drug 

Mean 

Sleeping 

Time, 

mm 

95% Confidence 
Interval 

UR 12 

47 

24 6- 69 9 

UR 23 

94 

76 5-112 6 

Hexobarbital 

59 

40 0- 77 8 


Table ATI. — Ability to Prevent Death from 
I. p. Injection of 2 5 mg./Kg. of Strychnine 


No of 
Animals 
Snrv ivmR/ 
No of 

Time." Animals 


Drug 

Oral Dose 

min 

Tested 

UR 8 

1 Gm./Kg. 

30 

4/8 

Flexin 

250 mg./Kg 

60 

4/10 

Mephenesin 

500 mg./Kg. 

5 

4/10 


® Time elapsed after administration of drug before strych- 
nine was injected. 


same considerations apply to (b) and, in addition, 
the presence of activity in closelj' related derivatives 
would seem additional evidence negating the valid- 
itj' of (b). AVe have therefore assumed that (c) is 
in fact true, and upon this hj'pothesis we have based 
the following discussion of structure-activity-rela- 
tionships 

The results obtained from this series indicates that 
at least one phenyl group on the adjacent nitrogen 
atoms (Ri or Ri, Table I) is essential for anticon- 
vulsant activity. The urazole nucleus alone (UR 4) 
is devoid of anti-MES and anti-MMS activity. 
Note also UR 4, 7, and 37. Cyclohexyl substituents 
on both the Rj and R2 positions (UR 17) are also 
inactive, whereas a cyclohexjd substituent on one 
symmetric nitrogen with a phenjd group on the 
other (UR 20) was one of the more active com- 
pounds tested. Isopropyl substituents on both Ri 
and R. (UR 34, 35, and 36) confer convulsant prop- 
erties 

If R, or R> is phenyl, all other substituents except 
hydrogen on the adjacent nitrogen atom can confer 
anticonvulsant activitjL (Compare UR 1 and UR 3 
with 8, 9, 10, 12, 23, 25, 28, 40, 20, 12, 2, and 49). 
It is interesting to note that UR 3 and UR 8 have 
similar structures except for a reversal of the methyl 
group from the R3 position (UR 3) to one of the 
adjacent nitrogen atoms (UR 8) resulting in a change 
of activity from stimulatory (UR 3) to anticonvul- 
sant (UR 8). 

The Rj substituent must be small or relatively 
polar for maximal anticonvulsant activity. A hy- 
drogen atom on the Rs position possesses the great- 
est activity. Substitution of a methyl group for 
the hydrogen atom results in a reduction in potenej’. 
Any group larger than a methyl group, unless it is 
somewhat polar, produces little, if any, anti-MES 
or anti-MMS activity. (Compare the series UR 8, 
9, 46, and 47; UR 10 and 26; UR 12 and 17; UR 
20, 42, 44, and 29; UR 15, 45, 43, 30, and 31; UR 
2, 6, 16, 18, 39, 11, 13, 14, 19, 21, 22, 32, and 33; 
UR 49, 50, 53, 51, and 52). The only example in 
this series of a completel}' polar group (UR 41) was 
found to possess little activity. 

It is difficult to formulate structure-activity-rela- 
tionships for convulsant, antistrychnine, or hexo- 
barbital-like activity in view of the few compounds 
possessing these actions. 

The variety of actions noted in this series is cer- 
tainly of interest, although the anti-MMS activity 
is perhaps the most striking property of the urazoles 
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Gibberellic Acid: Toxicologic and Pharmacologic 

Studies^ 


By EUGENE T. KIMURA, PATRICK R. YOUNG, and KAZIMIR STANISZEWSKI 

The plant growth stimulant, gibberellic acid, was tested for its toxicologic and 
pharmacologic properties in mice, rats, cats, guinea pigs, rabbits, and dogs. It was 
essentially nontoxic when tested by various routes of injection in mice for its acute 
toxicity. Both subacute toxicity in mice, and subchronic toxicity in dogs and rats 
showed the compound to be asymptomatic and free of pathologic changes, histo- 
logically. The following studies were likewise negative: circulation and respira- 
tion barbiturate potentiation, antipyresis, anticonvulsant activity, intestinal motil- 
’ ity, blood cholesterol, and blood glucose. 


I N 1932, Kuros.\w.\ (1) reported that culture 
filtrates of the fungus Gibberellafujikuroi pro- 
duced a substance which caused an overelonga- 
tion phenomenon of rice plants. Within the last 
several years, interest has centered on the prac- 
tical application of this plant growth-promoting 
substance called the gibberellins or gibberellic 
acids in the fields of horticulture and agriculture. 
Though voluminous reports have appeared on the 
effects of this substance in plants, relatively few 
have appeared concerning its possible effects on 
mammalian organ systems. It was, therefore, 
considered of interest to report on our toxicologic 
and pharmacologic studies with this plant stimu- 
lant. The results obtained provide the basis for 
this report. 

EXPERIMENTAL 

Material. — The sodium salt of gibberellic acid* 
was used as an aqueous solution in concentrations 
up to 30% for intravenous toxicity studies. For 
mouse studies, the volume injected intravenously 
was kept below 0.5 ml. and the speed of injection at 
0.5 ml./minute. Methylcellulose suspensions of the 
drug were used for oral toxicity studies. For sub- 
chronic toxicity studies in rats, aqueous solutions 
of the drug were freshly prepared every 3-4 days 
and kept under refrigeration when not in use. For 
ail other parenteral studies, drug solutions were 
prepared on the day of the experiment. 

Acute Toxicity in Mice.— The drug was tested for 
its acute oral, intravenous, and intrapcritoue.al 
lo.xicity in groups of adult male Rockland mice, 
weighing between 18-24 Gni., using 10 animals per 
dose level. Animals were observed for two weeks 
following medication. 

Subacute Toxicity in Mice, Bogs, and Rats.— 
Ten adult Rockland mice were medicated sub- 
cutaneously for fourteen days at 1 Gm./Kg., and 5 
mice were dosed intravenously for five days at 2 
Gm./Kg. To minimize the possibility of irritation 
due to repeated trauma of subculaucous injection, 
four ilifrcrcnl are.as were selected and used in se- 
quential order during medication. S.iliuc controls 


* Received Julv 21, in.'iS. fr<tm Dcparlnient o( Pharmaccl- 
ovy. Kcearch niviviiai, AlibnU talmratoriev. North Clli- 
cazo. 111. 

' Gihhercllic .acid, AhboU (Peoria Strain, 91“:; X and !)% 
A*. 


were run concurrently. Animals not sacrificed for 
autopsy were observed for an additional nine days. 

Two litter-mate dogs of both sexes were medicated 
orally via capsule with 1 Gm./Kg. of the drug, six 
days a week for a period of ninety days. Six male and 
six female Holtzman rats were treated orally with a 
solution of the drug via feeding tube at the same dose 
level for a similar period. The following laboratory 
procedures were performed: urinalysis (clinical and 
microscopic), complete blood counts (hemoglobin, 
red, white, and differential), function tests (liver and 
kidney), and blood chemistry (glucose, nonprotein 
nitrogen, and bilirubin). 

Circulatory and Respiratory Studies. — Dogs and 
cats, anesthetized with Nembutal sodium, were used 
to record circulatory changes from the carotid. 
Intrathoracic and intrapulmonic fluctuations in 
dogs were recorded with tambours via Jackson- 
spike and tracheal cannula. Drug injections were 
made into the femoral vein. 

C.N.S. Effects. — The effect of the gibberellins on 
barbiturate potentiation was tested in grq\ips of 10 
male albino mice, pretreated either intravenously or 
orally with the drug at dose levels of 500 and 1,000 
mg./Kg., respectively. Following pretreatment pe- 
riods of ten minutes for the intravenous route, and 
forty-five minutes for the oral route, the animals 
were injected intravenously with 30 mg./Kg. of 
Pentothal sodium. 

Anticonvulsant activity was evaluated by the use 
of a battery of three tests as previously outlined by 
Toman, Everett, and Richards (2). It consisted of 
the Metrazol, “psychomotor" and supramaximal 
electroshock tests. 

Antipyretic activity was measured by taking nor- 
mal temperatures hourly over a three-hour period in 
groups of four female Holtzman rats, followed by an 
initial intramuscular injection of 1.5 ml. of 15% 
Brewer's yeast. Eighteen hours later, the animals 
were challenged intramuscularly with a 1 ml. pyro- 
genic booster injection of yeast suspension. At this 
point the animals were nieilicated orally with the gib- 
bcrcilins at dose levels of 150 and 500 mg./Kg, and 
its possible antipyretic effects tested at one-half hour 
intervals for a period of two and one-half hours. 

In Vitro Intestinal Motility.— The effect of the 
drug against spontaneous intestinal motility was 
tested on the rabbit ileum, using the Magnus 
method. The effects of the drug against standard 
spasmogctis and relaxants (acetylcholine, histamine, 
barium, pilocarpine, epinephrine, and atropine) 
were carried out with guinea pig and rabbit ileum. Z' 
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Sixteen rabbits and four guinea pigs uere used in 
these studies 

Other Studies — Total blood plasma cholesterol 
determinations were made m groups of six mice 
given the gibberellic aeid in their diet at a level of 
0 17%, equivalent to about 249 mg /Kg daily for 
tivo Meeks The method of Zak, el al (3), was used 
to determine total cholesterol 

Blood glucose levels were determined four hours 
after oral doses of 250 mg /Kg and 500 mg /Kg of 
the gibberelhns m groups of three rats/dose level 

The effect of this plant growth stimulant on tes 
ticular grow th m mammals was ascertained m groups 
of eight male Holtzman rats, weighing approximately 
100 Gm The animals were medicated orally five 
days a week lor a period of four and one half weeks 
with 1 Gm /Kg and with 0 5 Gm /Kg of the drug 

Ten per cent aqueous solutions of the drug were 
applied daily to the backs of male mice, six dajs a 
week for three and one half weeks m order to see 
whether irritation or histologic changes could be m 
duced 

RESULTS 

Intravenous acute toxicity studies in mice showed 
no deaths at doses as high as 4 Gm /Kg Orally, 
doses as high as 15 Gm /Kg were not lethal No 
symptoms were observed Intraperitoneall> , a dose 
of 2 Gm /Kg was likewise asj mptomatic There 
were no delayed deaths 

Subacute toxicitj studies, both intravenously for 
five days at 2 Gm /Kg and subcutaneously for four 
teen days at 1 Gm /Kg , in mice j lelded negative 
findings with respect to both organ toxicity and 
symptomatolog} Four mice on intravenous and 
four mice on subcutaneous medication were sacrificed 
for autopsy at the end of the previously described 
medication periods The following organs of the 
above eight animals were sectioned for histo 
pathologic examination heart, lungs, spleen, 
liver, kidnejs, adrenals, testes, pancreas, stomach, 
small and large intestines, and bone marrow None 
of the organs examined showed any changes which 
could be attributed to drug action Ninetj daj sub 
acute toxicitj studies in both dogs and rats at a dose 
level of 1 Gm /Kg show ed no changes at autopsy and 
histological examination^ which could be attributed 
to drug action Both male and female dogs, four 
male and four female rats from the experimental 
group as well as two male and two female rats from 
the control group were sacrificed at the end of the 
nmet> daj period, and the following organs sec 
tinned for histopathologic examination heart, lungs, 
thjmus, thjroid, aorta, liver, kidnejs, spleen, ad 
renals, gonads (testes, ovarj, tube, and uterus), 
stomach, small and large intestines, pancreas, brain, 
and bone marrow The animals gamed weight satis 
factorily and urinalv sis, hematologj , function tests, 
and blood chemistrj failed to show anj pathologic 
changes 

During the ninetv daj experimental period, the 
female dog doubled her weight from 4 8 Kg to 9 7 
Kg The male gained 8 5 Kg from his initial weight 
of 5 7 Kg to his terminal w eight of 14 2 Kg During 


• Histopathologic evammatioiis were earned out in the 
Pitbologj Section under the direction of Dr K J Stein 


the medication period, the male consumed 781 Gin 
of the drug and the female, 648 Gm 

An additional 10 male and 12 female rats were 
added to the 1 Gm /Kg dose and have now been on 
medication at this level for the past fourteen months 
These experiments are still in progress 

Intravenous injections of the drug into three ancs 
thetized dogs at dose levels up to 0 5 Gm /Kg did 
not affect either the circulatory or respiratory func 
tions Intravenous injections of 100 mg /Kg into 
two anesthetized cats did not alter the blood pressure 
response to either serotonin or epinephrine 

Pentothal sodium sleeping times in mice were not 
altered by gibberellic acid treatment Oral pretreat- 
ment with 1 Gm /Kg of the drug was likewise in 
effective m altering the duration of sleep induced 
with 100 mg /Kg of hexobarbital sodium, intra 
peritoneally, in mice 

The drug showed no anticonvulsant activity in 
mice at dose levels of 1, 2, and 4 Gm /Kg , orally (4) 

It likewise did not influence the temperature of 
either normal rats or animals m which fever had been 
induced with yeast 

Studies on the effect of gibberellic acid on spon 
taneous motilitj of the isolated rabbit ileum showed ' 
the plant stimulant to have no effect at 1, 2 5, and 5 
mg /ml bath concentration The highest concentra 
tion used was also w ithout any effect on spasms in 
duced in isolated guinea pig and rabbit ileum by bar- 
ium (0 32 MS /ml ), acetylcholine (0 05-0 5 mS /ml ), 
and pilocarpine (0 25-2 0 mS /ml ), and on relaxation 
induced with atropine (0 01 mS /ml ) Results were 
likewise negative against histamine (0 01 mS /ml ) m 
the guinea pig ileum and against epinephrine 
(0 01 MS /ml ) m the rabbit 

Blood cholesterol and blood glucose levels were 
essentially negative (4) Total blood plasma choles < 
terol values were 99 mg % for those animals medr 
cated with gibberellic acid in their diet at a level of 
0 17% as compared with 94 mg % for control am - 
mals, the average per cent blood glucose change, 
plus Its standard deviation, for those animals given -- 
250 and 500 mg /Kg of the drug were — 1% ± 14 
and —6% ± 5, respectivelj Each animal served < 
as Its own control Testicular growth, as measured ' 
b> weight and histological examination, was not af 
fccted Dailj application of the drug onto the skin 
of mice was also without any effect 

These results, coupled with those of Peck, cl al 
(5), indicate that gibberellic acid is a rclativelj non i 
toxic and pharmacologically inert compound when 
given orally, parenterallj , topicallj, or when tested ' 
on isolated organ sj stems 


SUMMARY 

Gibberellic acid was tested by various routes in 
mice for its acute toxicity and found to be essen 
tiallj nontoxic Both subacute toxicity in mice 
and subchronic toxicity in dogs and rats showed 
the compound to be asymptomatic and free of 
pathologic changes, histologicallj '1 he highest 
observed nontoxic (and asymptomatic) doses in 
mice as determined bv acute toxicity testing were 
as follows 4 Gm /Kg , intravenously', 15 Gm / 
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Kg., orally; and 2 Gin,/Kg., intraperitoneall)'. 
Subacutely, the following doses were tolerated 
b}' mice, rats, and dogs for the times indicated; 
mice, 2 Gm./Kg., intravenously, for five days; 
mice, 1 Gm./Kg., subcutaneously, for fourteen 
days; and rats and dogs, 1 Gm./Kg., orall}', for 
ninety days. The following studies were likewise 
negative: circulation and respiration, barbiturate 
potentiation, antipyresis, anticonvulsant activity'. 


intestinal motility, blood cholesterol, and blood 
glucose. 
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A Note on the Phytochemical Investigation of Cecropia peltata L.* 

By NYDIA M. KING and NOELIA HADDOCK 


A preliminary investigation of the leaves of 
Cecropia peltata L. has been made. Glycosidal 
material was obtained from the alcohol ex- 
tract and also from the aqueous extract. No 
sterols or alkaloids were found. 

C ecropia peltata, L. {Ambaiba peltata, Kuntze) 
commonly knotvn as yagrumo (trumpet tree) 
is a tali tree with large lobed leaves which are dark 
green above and silverj'-white beneath It is the 
type species of the many Cecropias native of the 
West Indies and continental tropical America (1). 

Several therapeutic uses have been claimed for the 
various parts of the tree. The bark and buds are 
said to be astringent, the roots and bark have been 
used as an emenagogue, while the leaves have been 
employed in acute pulmonary infections, as an anti- 
asthmatic, and as a sedative in nervous conditions 
such as chorea (2), Grosourdy (2) reports that 
when using a decoction of the leaves as a sedative 
the patient experienced a state of passiveness and 
slowness in all his muscular movements and his heart 
rate was slowed and made more rhythmical. No 
cumulative action or side effects, such as digestive 
tract disorders like those caused by the continuous 
use of digitalis, were observed. It was found to have 
a diuretic effect. In view of these observations, 
yagrumo was thought to be a possible substitute for 
digitalis (3). 

A survey of the literature revealed that very little 
chemical and pharmacological investigations of 
Cecropia peltata L, have been reported. Valeri 
and Narvaez (4) showed that decoctions and in- 
fusions of 15 to 30 Gra. of the leaves per liter were 
nontoxic to guinea pigs when given by hypodermic 
injection. They found that the preparations had 
diuretic and laxative effects in guinea pigs, also 
causing transitory drowsiness. In vitro they had 
no inhibitory power over pathogenic bacteria of the 
respirator}' apparatus. 

Due to its potential use in medicine it seemed de- 
sirable to effect a thorougli chemical investigation 
of Cecropia peltata, L. Tlie fir.st part of tliis work 
is reported liere. 


♦Received June 2S. ISSS. from the Cotlcge of Pharmacy. 
Unncrsity of Puerto Rico. Rio Piedras 


EXPERIMENTAt 

The plant material used in this investigation con- 
sisted of the leaves collected locally, dried at 60°, 
and ground. 

Preliminary examination tests, carried out as 
described by Rosenthaler (5), indicated the presence 
of tannins, mucins, proteins, and reducing substances 
while alkaloids and saponins were shown to be absent. 
According to the Stas-Otto method the material did 
not contain alkaloids or glycosides Further ex- 
amination was made following the general method 
outlined by Rosenthaler (6). 

Sixteen grams of the ground leaves was extracted 
successively with the solvents mentioned in the 
order given below. A Soxhlet apparatus was used 
for all the extractions, except for the extraction with 
water. The latter was done by maceration in a 
mechanical shaker and the solvent was removed 
under reduced pressure. The nonaqueous solvents 
were allowed to evaporate in air. The values of 
per cent extractives obtained were as follows; 
petroleum ether 1.16%, ethyl ether 1.93%, absolute 
alcohol 6 93%. acetone 3 86%, chloroform 0 84%, 
and cold water 6 75% 

It was observed that the alcoholic extract de- 
posited rosette-like crystals embedded in dark 
brown matter. A small amount of the crystalline 
deposit was readily soluble in w'ater and the aqueous 
solution gave positive tests for carbohydrates and/or 
glycosides with a naphthol solution, and also for 
reducing sugars with Fehiing’s solution. The non- 
crystailine portion of the alcoholic extract gave a 
strong Fehiing’s test after it had been heated with 
dilute h}'drochloric acid. 

The aqueous extract gave positive tests for pro- 
teins, alkaloids, and reducing substances Upon 
clarification with a solution of lead acetate a residue 
was obtained which, after boiling with dilute hydro- 
chloric acid, reduced Fehling's solution. Negative 
results were obtained when the rest of the extracts 
were tested for the usual substances which might be 
present. 

E.xcept for the deposit formed in the alcoholic 
extract, the different extracts did not yield aii)- 
crystalline material, even after prolonged refrigera- 
tion. 
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Sixteen rabbits and four guinea pigs were used in 
these studies 

Other Studies — Total blood plasma cholesterol 
determinations were made in groups of six mice 
given the gibberellic acid in their diet at a level of 
0 17%, equivalent to about 249 mg /Kg daily for 
twoveeks The method of Zak, cl a/ (3), was used 
to determme total eholesterol 

Blood glucose levels were determined four hours 
after oral doses of 250 mg /Kg and 500 mg /Kg of 
the gibberellins in groups of three rats/dose level 

The effect of this plant growth stimulant on tes 
ticular grow th m mammals was ascertained in groups 
of eight male Holtzman rats, weighing approximate!} 
100 Gm The animals were medicated orally five 
days a week for a period of four and one half weeks 
with 1 Gm /Kg and with 0 5 Gm /Kg of the drug 

Ten per cent aqueous solutions of the drug were 
applied daily to the backs of male mice, six dajs a 
w eek for three and one half w eeks m order to see 
whether irritation or histologic changes could be in 
duced 

RESULTS 

Intravenous acute toxicity studies in mice showed 
no deaths at doses as high as 4 Gm /Kg Orally, 
doses as high as 15 Gm /Kg were not lethal No 
symptoms were observed Intraperitoneally, a dose 
of 2 Gm /Kg was likewise asj mptomatic There 
were no dela) ed deaths 

Subacute toxicitj studies, both intravenously for 
five days at 2 Gm /Kg and subcutaneouslj for four 
teen days at 1 Gm /Kg , in mice j lelded negative 
findings with respect to both organ toxicity and 
symptomatology Four mice on intravenous and 
four mice on subcutaneous medication were sacrificed 
for autopsy at the end of the previously described 
medication periods The following organs of the 
above eight animals were sectioned for Iiisto 
pathologic examination heart, lungs, spleen, 
liver, kidnejs, adrenals, testes, pancreas, stomach, 
small and large intestines, and bone marrow None 
of the organs examined showed an} changes which 
could be attributed to drug action Ninety daj sub 
acute toxicitj studies in both dogs and rats at a dose 
level of 1 Gm /Kg show ed no changes at autopsy and 
histological examination^ which could be attributed 
to drug action Both male and female dogs four 
male and four female rats from the experimental 
group as w ell as two male and two female rats from 
the control group were sacrificed at the end of the 
ninet} dax period, and the following organs sec 
tioned for histopathologic examination heart, lungs, 
thjmus, thjroid, aorta, fixer, kidneys, spleen, ad 
renals, gonads (testes, oxarj, tube, and uterus) 
storaaeh, small and large intestines, pancreas brain, 
and bone marrow The animals gained xx eight satis 
factorily and urinalx sis, hematologj , function tests, 
and blood chemistr} failed to show anj pathologic 
changes 

During the ninet} da} experimental period, the 
female dog doubled her w eight from 4 8 Kg to 9 7 
Kg The male gamed 8 5 Kg from his initial weight 
of 5 7 Kg to his terminal weight of 14 2 Kg During 


* Histopathologic examinations were earned out in the 
Pnthologj Section under the direction of Dr R J Stem 


the medication period, the male consumed 781 Gm 
of the drug and the female, 648 Gra 

An additional 10 male and 12 female rats were 
added to the 1 Gm /Kg dose and have now been on 
medication at this level for the past fourteen months 
These experiments are still m progress 

Intravenous injections of the drug into three anes 
thetized dogs at dose levels up to 0 5 Gm /Kg did 
not affect either the circulator}^ or respiratory func 
tions Intravenous injections of 100 mg /Kg into 
txxo anesthetized cats did not alter the blood pressure 
response to either serotonin or epinephrine 

Pentothal sodium sleeping times in mice were not 
altered by gibberellic acid treatment Oral pretreat 
ment xvith 1 Gm /Kg of the drug was likewise in 
effective in altering the duration of sleep induced 
with 100 mg /Kg of hexobarbital sodium, intra 
peritoneall} , m mice 

The drug shoxxed no anticonvulsant activity in 
mice at dose levels of 1, 2, and 4 Gm /Kg , orally (4) 
It likewise did not influence the temperature of 
either normal rats or animals in xvhich fever had been 
induced xvith yeast 

Studies on the effect of gibberellic acid on spon 
taneous motilit} of the isolated rabbit ileum showed 
the plant stimulant to have no effect at 1, 2 5, and 5 
mg /ml bath concentration The highest concentra 
tion used xvas also without any effect on spasms in 
duced m isolated guinea pig and rabbit ileum bj' bar 
lum (0 32 Jig /ml ), acetjlchohne (0 05-0 5 jig /ml ), 
and pilocarpine (0 25-2 0 jig /ml ), and on relaxation 
induced with atropine (0 01 jig /ml ) Results xvere 
likewise negative against histamine (0 01 jig /ml ) in 
the guinea pig ileum and against epinephrine 
(0 01 Jig /ml ) m the rabbit 

Blood cholesterol and blood glucose levels were 
essentially negative (4) Total blood plasma choles 
terol values were 99 mg % for those animals medi- 
cated with gibberellic acid in their diet at a level of 
0 17% as compared with 94 mg % for control am 
mals, the average per cent blood glucose change, 
plus its standard deviation, for those animals given x 
250 and 500 mg /Kg of the drug were — 1% ± 14 
and —6% ± 5, respective!} Each animal serxed 
as its own control Testicular growth, as measured ' 
by xxeight and histological examination, xvas not af 
fected Dail} application of the drug onto the skin 
of mice was also xxithout an} effect 

These results, coupled with those of Peck, ci al 
(5), indicate that gibberellic acid is a relativel} non 
toxic and pharmacological!} inert compound when 
given orally, parenterall} , topicall}, or when tested 
on isolated organ systems 


SUMMARY 

Gibberellic acid was tested by various routes in 
mice for its acute toxicity and found to be essen 
tially nontoxic Both subacute toxicity in mice 
and subchromc toxicity in dogs and rats showed i 
the compound to be asymptomatic and free of 
pathologic changes, histologicall} The highest 1 
obserx^ed nontoxic (and as\ mptomatic) doses in 
mice as determined bv acute toxicit} testing xvere * 
as follows 4 Gm /Kg , intrax'enousl} , 15 Gm/ 
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Kg., orally; and 2 Gm./Kg., intraperitoneally. 
Subacutely, the following doses were tolerated 
by mice, rats, and dogs for the times indicated; 
mice, 2 Gm./Kg., intravenously, for five days; 
mice. 1 Gm./Kg., subcutaneously, for fourteen 
days; and rats and dogs, 1 Gm./Kg., orally, for 
ninety days. The following studies were likewise 
negative: circulation and respiration, barbiturate 
potentiation, antipyrcsis, anticonvulsant activit 3 ^ 


intestinal motility, blood cholesterol, and blood 
glucose. 
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A Note on the Phytochemical Investigation of Cecropia peltata L,* 

By NYDIA M. KING and NOELIA HADDOCK 


A preliminary investigation of the leaves of 
Cecropia peltata "L. has been made, Glycosidal 
material was obtained from the alcohol ex- 
tract and also from the aqueous extract. No 
Sterols or alkaloids were found. 

C ecropia peltata, L. (Ambaiba peltata, Kuntze) 
commonlj' known as yagrurao (trumpet tree) 
is a tall tree with large lobed leaves which are dark 
green above and silverj’-white beneath. It is the 
type species of the many Cecropias native of the 
West Indies and continental tropical America (1). 

Several therapeutic uses have been claimed for the 
various parts of the tree. The bark and buds are 
said to be astringent, the roots and bark have been 
used as an emenagogue, while the leaves have been 
employed in acute pulmonary infections, as an anti- 
asthmatic, and as a sedative in nervous conditions 
such as chorea (2). Grosourdj'^ (2) reports that 
when using a decoction of the leaves as a sedative 
the patient e,\perienced a state of passiveness and 
slow'ness in all his muscular movements and his heart 
rate was slowed and made more rhythmical. No 
cumulative action or side effects, such as digestive 
tract disorders like those caused by the continuous 
use of digitalis, were observed. It was found to have 
a diuretic effect. In view of these observations, 
yagrumo was thought to be a possible substitute for 
digitalis (3). 

A survey of the literature revealed that very little 
chemical and pharmacological investigations of 
Cecropia peltata L. have been reported. Valeri 
and Narvaez (4) showed that decoctions and in- 
fusions of 15 to 30 Gm. of the leaves per liter were 
nontoxic to guinea pigs when given by hj'podermtc 
injection. They found that the preparations had 
diuretic and laxative effects in guinea pigs, also 
causing transitory drowsiness In vitro they had 
no inhibitory power over pathogenic bacteria of the 
respiratory apparatus. 

Due to its potential use in medicine it seemed de- 
sirable to effect a thorough chemical investigation 
of Cecropia peltata, I-. The first part of this work 
is reported here. 


* Kcceocd June 2S, T.I5S, from the College of Pharmacy, 
Um\ ersity of Puerto Rico, Rio Picdras 


EXPERIMENTAL 

The plant material used in this investigation con- 
sisted of the leaves collected locally, dried at 60°, 
and ground. 

Preliminary examination tests, carried out as 
described by Rosenthaler (5), indicated the presence 
of tannins, mucins, proteins, and reducing substances 
while alkaloids and saponins were shown to be absent. 
According to the Stas-Otto method the material did 
not contain alkaloids or glycosides. Further ex- 
amination was made following the general method 
outlined by Rosenthaler (6). 

Sixteen grams of the ground leaves was extracted 
successively with the solvents mentioned in the 
order given below. A Soxhlet apparatus was used 
for all the extractions, except for the extraction with 
water. The latter was done bj' maceration in a 
mechanical shaker and the solvent was removed 
under reduced pressure. The nonaqueous solvents 
were allowed to evaporate in air. The values of 
per cent extractives obtained were as follows: 
petroleum ether 1.16%, ethyl ether 1.93%, absolute 
alcohol 6.93%, acetone 3 86%. chloroform 0.84%, 
and cold water 6.75%, 

It was observed that the alcoholic extract de- 
posited rosette-like crystals embedded in dark 
brown matter. A small amount of the crj'stalline 
deposit was readily soluble in water and the aqueous 
solution gave positive tests for carbohydrates and/or 
glycosides with a naphthol solution, and also for 
reducing sugars with Fehling’s solution. The non- 
crystalline portion of the alcoholic extract gave a 
strong Fehling’s test after it had been heated with 
dilute hydrochloric acid. 

The aqueous extract gave positive tests for pro- 
teins, alkaloids, and reducing substances. Upon 
clarification with a solution of lead acetate a residue 
was obtained which, after boiling with dilute hydro- 
chloric acid, reduced Fehling’s solution. Negative 
results were obtained when the rest of the extracts 
were tested for the usual substances which might be 
present. 

Except for the deposit formed in the alcoholic 
extract, the different extracts did not yield any 
crystalline material, even after prolonged refrigera- 
tion. 
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Twenty grains of the ground leaves was extracted 
with cold water and a 10% solution of lead acetate 
was used to clarify the extract A small amount of a 
colorless amorphous powder, m. p 202-205°,* was 
isolated from the lead acetate precipitate by follow- 
ing the usual procedure. Attempts to crystallize 
this material from acetone, methanol, and a mixture 
of ethanol and water were not successful, but the 
melting point changed to 214-215°. The material 
was insoluble in water, 5% hydrochloric acid, and 
ether; soluble in 5% sodium hj'droxide, less soluble 
in 5% sodium bicarbonate; soluble in concentrated 
sulfuric acid with the production of a white precipi- 
tate upon dilution with water. It gave a positive 
Fehling’s test after it was boiled with dilute hydro- 
chloric acid. 

Crj'stalline material was obtained from the basic 
lead acetate precipitate. This material gave a 

* Melting points are uncorrected 


positive Fehling’s test, but much more so after 
boiling with dilute hydrochloric acid. Due to the 
small amount available it was not possible to investi- 
gate it further at the time. 

SUMMARY 

1. The leaves of Cccropia peltata, L. were ex- 
tracted with various solvents. 

2. Impure crystalline material and an amorphous 
colorless powder, m. p 214-215°, both giving pre- 
sumptive tests for glycosides, were isolated. 
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A Note on a Simplified Technique for the Administration of 

Isotopes to Animals* 

by RALPH M. LILIENFELD, CHARLES A. ROSS, and ROBERT W. CASE 


Quick freezing of a tracer dose of a radio- 
active isotope jjrovides a simple, precise 
method of administration to experimental 
animals and minimizes loss of radioactive 
substance. 

I N ANIMAL ABSORPTION STUDIES usiug tracer doscs, 
some error inevitably results from loss of tlie ad- 
ministered isotope wliich clings to syringe, catheter, 
and other instruments requisite to tlie administration. 
To minimize this loss, we have adopted the following 


* Received July 30, 1958, from the Roswell Park Memorial 
Institute, Buffalo, N Y 


technique: The measured amount of isotope is 
pipetted into ‘/j of a gelatin capsule. The capsule 
is carefully capped and dropped immediately into a 
test tube containing ethyl alcohol which is immersed 
in a freezing bath of dry ice and ethyl alcohol. The 
isotope freezes solid within the gelatin capsule in less 
than fifteen seconds with no loss of radioactive sub- 
stance. Prior to its administration, the capsule is 
removed from the test tube with forceps and exposed 
to room temperature for a period of thirty seconds. 
The capsule dissolves within the stomach within 
five minutes after its oral administration and absorp- 
tion of the isotope from the G.I. tract is not affected 
by the freezing process. 


A Note on a Method for Thymectomizing the Rat* 

By ALFRED P. lACOBUCCI and HOWARD J. JENKINS 


T he procedure for thymectomy in rats has 
been described in various texts and laboratory 
manuals. The descriptions of the procedures seem 
to be lacking in detail, hoivever. It is the purpose 
of this papei to provide a more complete and detailed 
description of the surgical technique involved. 

In the method reported, male, albino rats of the 
Carworth-\\’istar strain, ranging in weight from 
thirty-five to fifty grams, are used. Rats of this 
size are moie easily employed since older rats have 
developed more fatty tissue and heavier fascia. 
In addition, the thymus glands of smaller rats arc 
larger and more easily removed. 

* Received July 22, 1958, from the Edwin Avery Brewer 
and Howard D Brewer Pharmacology Laboratories of The 
Massachusetts College of Pharmacy, Boston „ 

A procedure reported in a thesis submitted by Alfred I 
lacobucci in partial fulfillment of the requirements lor the 
degree of XIaster of Science in Pharmacy 


ANESTHESIA 

Anesthesia of moderate depth should be employed. 
Ether is the ideal anesthetic; but it must be used 
with extreme caution, otherwise animals may be 
lost when the deeper planes of anesthesia are 
reached suddenly and without warning. 

In the preliminary work, pentooarbital sodium 
was administered at the rate of 4 to 5 mg. per 100 
Gm. of body weight. Induction with this agent 
was rapid, but the duration of anesthesia was 
sufficient to complicate the state of postoperative 
shock that was encountered. For this reason 
pentobarbital sodium was considered an unsatis- 
factory agent for this method. 

In other animals, a combination of pentobarbital 
sodium (.3 mg per 100 Gm of body weight) and 
Evipal sodium (G mg per 101) Gm. of body weight) 
administered intraperitoneally was tried. This 
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Table I. — The Effect op Surgerv Time and Duration of Anesthesia on Mortalitv Rate" 


Time, min.: 

Gland Removal/ 

Recovery 

Mor- 

Recovery 
Time, min. 
(Pentobarb. 

Mor- 

Recover>' 

Mor- 

Completed 

Time, min 

tality. 

and 

tality. 

Time min. 

tality. 

Operation 

(Pentobarb ) 

% 

Evipal) 

% 

(Ether) 

% 

5/10 

120 plus 

CO 

60-90 

50 

15-30 

20 

2-5/10 

90-120 

50 

45-90 

SO 

10-15 

10 

2-5/5-10 

90-120 

40 

45-90 

30 

10-15 

10 

2/5 

90-120 

20 

45-90 

20 

10-15 

5 


® In the above table the time required for the removal of the thymus gland is correlated with the elapsed time of the entire 
surgical procedure, including closure of the chest cavity, while the recovery time represents the duration of the period between 
the onset of anesthesia and the regaining of consciousness. 


anesthetic mixture shortened tlie recovery period, 
and thereby diminished to some extent the possi- 
bility of death from postoperative shock complicated 
by respiratory failure. Even so, some difficulties 
were evident with this mixture, since Evipal is not 
well tolerated by young rats. 

After considerable experience with its use, ether 
was selected as the anesthetic for the method. 
Though some danger of respirator}^ infection attends 
its use, recovery is rapid and generally satisfactoriL 

SURGICAL PROCEDURE 

When the rat has been anesthetized, it is placed on 
its back on an operating board, head toward the 
operator. The legs are tied to the board and a bit 
passed behind the incisor teeth and secured in 
position to hold the head stationar}'. Hair is 
removed from the region of the chest and throat. 
An incision about 2 cm. in length is made along the 
midline of the thoracic wall from the level of the 
third rib to a point just beyond the anterior end of 
the sternum. Here a pointed scissors is inserted 
under the anterior end and the sternum is cut down 
to the level of the second rib. (This incision 
should not exceed 1 cm. in length.) It is essential 
that the operator work rapidly from this point. 
Accordingly, the first loop of a continuous suture is 
started prior to the removal of the gland, so that tlie 
chest wall can be closed quickly following extirpa- 
tion. A size "O,” t}Tpe B, noncapillar}' thread of 


silk or nylon attached to a three-quarter inch, 
half-round, atraumatic, gastrointestinal needle is 
employed. With blunt probes, the underlying 
tissue is pushed aside and the chest cavity entered 
at a point just above the branching of the trachea. 
The anterior end of the gland is thus exposed. At 
this point, some respiratory difficulty is exhibited by 
the rat as a result of the loss of negative pressure in 
the chest cavity. Both lobes of the gland are held 
with blunt forceps and a steady even pull is exerted 
while the gland is gently freed from its surrounding 
connective tissue. Care is taken to avoid penetrat- 
ing the great vessels of the heart. When the 
gland is completely removed, all negative pressure 
in the chest cavity is lost. Thus, prompt closure of 
the chest wall is imperative. (It may be necessar}' 
to close the incision with a hemostat while suturing.) 
The cut edges of the thoracic wall are brought into 
approximation with suture and the skin closed with 
wound clips. While recovering, the animals ex- 
hibit Cheime-Stokes respiration, but the mortality 
rate should not exceed 5%. The closed incision 
is painted with a suitable antiseptic to diminish the 
possibility of bacterial infection. Postoperative 
shock is not severe, and the animals begin to gain 
weight on the day following surgery. 

Four or five minutes are required for the entire 
operation. The actual removal of the gland and 
closing of the chest cavity should be accomplished 
within a two-minute period if the mortality rate is 
to be kept low. 


Communications to the Editor 


2- (o-Tolyl) -qiclohexanol: 

A Possible Cardioplegic Agent 

Sir: 

We wish to report that 2-(<7-tolyl)-cyclo- 
hexanol }vas found capable of suppressing myo- 
cardial contraction to the exclusion of significant 
effect on myocardial electrical properties. Dur- 
ing exploratory pharmacological investigations 
with 2-(o-tolyl)-cyclohexanol one of us (G. H. B.) 
observed that this compound produced reversible 
mechanical cardiac arrest when perfused as a 
saturated aqueous solution through isolated cat 


hearts. The preliminary investigation has been 
extended to include observations on the isolated 
rabbit atrium and on the result of intravenous 
injection in the anesthetized dog. In the isolated 
preparation, 3 rag. per 100 ml. nutrient solution 
resulted in virtually complete inhibition of con- 
traction within one minute. With complete me- 
chanical asystole, the transmembrane atrial 
action potential was essentially unchanged, the 
membrane resting potential was not altered, and 
absolute refractory period was not changed. 
Threshold of electrical excitability increased ap- 
proximately 10 per cent and stabilized. The 
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effect on contraction was slowly reversible by 
washing. In the intact dog, the injection of 60 
mg./Kg. (i.v.) resulted in a rapid hypotensive 
effect leading to complete absence of arterial 
pressure within one minute. This was presumed 
to be due in part to depressed ventricular con- 
traction, although it is not known to what extent 
the drug affects the vasculature directly. In the 
experiment described, the dog was pharma- 
cologically sympathectomized. No change in 
spontaneous heart rate, PR interval, QRS dura- 
tion, or ST duration occurred until many minutes 
after the onset of the hypotensive effect. Then 
complete AV block ensued and ventricular con- 
duction slowed. This possibly was due to hy- 
poxia resulting from cardiovascular syncope. 
Respiration was little affected until agonal gasp- 
ing occurred. 

2-(o-Tolyl)-cyclohexanol was prepared from o- 
methylphenyllithium and cyclohexene oxide by 
the method described by McKusick for the syn- 
thesis of the vteta isomer (1). The product was 
fractionated through a Todd precise fractionation 
assembly with a 90-cm. Monel spiral column; 
b. p. 103-104° at about 1 mm. 

Anal. — Calcd. for CuHigO: C, 82.07; H, 9.52. 
Found: C, 81.84; H, 9.27. 

The I. R. spectrum of the pure liquid has an 
intense band at 3,320 cm.“' indicative of hydro- 
gen-bonded hydroxyl groups and a less intense 
band at 3,450 cm.“^ attributed to unassociated 
hydroxyl groups. The spectrum also has a 
sharp band at 964 cm."*, a region which falls 


within the range of characteristic absorption for 
cyclohexane derivatives (2). The spectra of nine 
substituted 2-arylcyclohexanols determined at 
this laboratory (3) all show a band within the 
range of 962-974 cm."*. The spectra were ob- 
tained on a Perkin-Elmer Model 21 spectro- 
photometer with NaCl prism. 

The synthetic method used is expected to give 
the trans-isomer. This is substantiated by the 
fact that Cook, Hewett, and Lawrence (4) ob- 
tained only one isomer of 2-phenylcyclohexanol 
from phenyllithium and cyclohexene oxide under 
similar conditions and that this isomer is now 
known to be the trans-2-phenylcyclohexanol 
(5, 6). Investigation of the stereochemistry and 
of the stereospecificity on the pharmacological 
properties observed of this and other related 
compounds is in progress. 

(1) McKusick, B C , U Am Chem Soc , 70, 1970(1948) 

(2) Bellamy, L J , “The Infra-red Spectra of Complex 
Molecules,” 2nd ed , John Wiley & Sons, Inc , New York, 
1958, p 31 

(3) Huitnc, A C , unpublished data 

(4) Cook, J W , Hewett, C L , and Lawrence, C A , 
J Chem Soc , 1936, 71 

(5) Schaeffer, H J , and Collins, C J , / Am Chem Soc., 
78, 124(1956) 

(C) Eliel, E L , McCoy, J W , and Price, C C , / Org. 
Chem , 22, 1533(1957). 

Alain C. Huitric, Theodore C. 

West, and Robert A. Durbin 
College of Pharmacy, and Dept, 
of Pharmacology, University 
of Washington, Seattle 5 
Gordon H. Bryan 
School of Pharmacy, Montana State 
University, Missoula 


Lahiatae Family 

Sir: 

Chemical ontogenetic and phylogenetic con- 
siderations of the Lahiatae, relating the occurrence 
of sterols and certain terpenes, include data (1) 
on two species of the Umbelliferae. Although 
conclusions were not established concerning the 
data derived bj' a perfunctory examination of 


the unsaponifiable fraction of extracts of these 
plants, the unqualified presence of the data is 
misleading. The reader’s perception of chemical 
phylogeny is further inclined by the exclusion of 
Marrubium vidgare L. from the Lahiatae. 

(1) Nicholas, Harold J , This Journal, 47, 731(1958). 

Arthur E. Schwarting 
University of Connecticut, Storrs 



Book Notices 


The Interference Microscope in Biological Research 
By Arthur J Hale The Williams & Wilkins 
Co , Baltimore, exclusive U S agents, 1958 
\i + 1 14 pp 14 \ 22 cm Price $5 
This IS an instructive textbook designed to 
acquaint the biologist with the principles and 
techniques of interference microscopy An appen- 
dix discusses uav'e form and polarization of light, 
and gives examples of calculations The inter- 
ference microscope, or microscopic interferometer, 
IS particularly useful m the studj' of the processes 
involved in cellular metabolism 

Ctba Foundation Symposium on the Neurological 
Basis of Behaviour Edited by G E W Wol- 
STENHOLME and Cecilia M O’Connor Little, 
Brown and Co , Boston, 1958 xi 400 pp 
13 5x20 5 cm Price S9 

This book presents the papers and discussions of 
the symposium on the interrelations of neural 
and behavioral mechanism linking psychology with 
neurophysiologj’^ The subjects covered range from 
microphysiologj of neuroses to phenomena of be- 
havior and psj'chology Analytical, biological, 
neurophysical, pharmacological, biochemical, 
clinical, and strictly behavioral methods arc consid- 
ered A subject index is appended. 

Symposium on Protein Structure Edited by 
Albert Neuberger John Wiley & Sons, 
Inc , Neil York, 1958 351 pp 15 5 x 23 5 cm 

Prices? 75 

This book IS a record of the papers and discussions 
at the symposium on protein structure sponsored by 
the Protein Commission of the Section of Biological 
Chemistry of the International Union of Pure and 
Applied Chemistry held at Pans, Jub' 1957 The 
subjects are grouped under the headings General 
problems and methods. Specific proteins, Proteolytic 
enzymes, Ribonuclease, Tobacco mosaic virus. 
Other protems and peptides A subject index is 
appended 

Water and Electrolyte Metabolism in Relation to 
Age and Sex Ciba Foundation Colloquia on 
Ageing, Vol 4 Edited by G E W Wolsten- 
HOLME and Maeve O'Connor Little, Broun 
and Co , Boston, 1958 \n -f- 327 pp 13 5 x 
20 5 cm Price S8 50 

This compilation of the proceedings of the fourth 
colloquium on ageing covers manj problems, in- 
cluding genetic control of cleetrohte metabolism 
in the erj tliroci tes, glandular secretion of clectro- 
1> tes, hormonal aspects of u ater and electrolj tc 
metabolism m relation to age and sex, the dei elop* 
inent of acid-base control, sex ere magnesium 
deficicnci , and the ability of the organism to 
maintain normal cellular states under xarious 
nutritional conditions, the role of tlie kidiicv m 
electrolj tc and iiater regulation iii the aged, and 
age and renal disease A subject index is appended 


Phosphorus and Its Compounds — In Tuo Volumes 
Vol I Chemistn Bj John R Van Waxer 
Interscience Publishers, Inc , Nen York, Z95S 
XIII -1- 954 pp 15 X 23 cm Price S27 50 
This IS a comprehensive text on phosphorus and 
its compounds, ii hicli is presented ii ith the purpose 
of laying a foundation for phosphorus chemistn 
as a new, separate discipline of chemistn The 
text IS dnided under the chapter headings The 
phosphorus atom, its nucleus and electronic struc- 
ture, Interaction between atoms, with especial 
reference to phosphorus chemistrj , S\ stematic 
chermstrj' of phosphorus and its compounds. Ele- 
mental phosphorus and the metal phosphides. 
Hydrides, halides, and pseudohalides of phosphorus 
and their organic derivatives. Oxides, sulfides, 
nitrides, and related compounds of phosphorus. 
Loner oxyacids of phosphorus, their salts and 
esters. Structure and properties of the condensed 
phosphates, Orthophosphoric acid, its salts and 
esters. Individual cham phosphates (pj ro , tripoly , 
tetrapolj-, and pentapoly-phosphates as well as 
Kurrol’s and Maddrell’s salts). Ring and branched 
phosphates. Amorphous phosphates, mcluding 
phosphate glasses, condensed phosphoric acids, and 
phosphate esters, and Halo-, peroxy-, thio-, and 
amidoacids of phosphorus, their salts, esters, and 
related compounds The text matenal contains 
many diagrammatic formulas, illustrations, and 
tabulated data, and many references are given 
Appendixes give a table of 187 phosphate minerals, 
a collection of single bond energies and distances 
with electronegativity differences for use in calcula- 
tions concerning phosphorus compounds, and 
thermodynamic data on phosphorus compounds 
Author and subject indexes are included 

Encyclopedia of Chemistry {Supplement) Edited 
by George L Clark and G G Hawlev 
Reinhold Publishing Corp , New York, 1958 
vi-k330pp 17 5x255cm Price SIO 
This Supplement, including more than 200 addi- 
tional renews, is stated to be the only volume that 
w ill be added to the first volume The arrangement 
of the text is the same as in the original x'olume 
which was cited in This Journal, 46, 454(1957) 
The concise discussions in the Supplement mclude 
Sedatives and tranquilizers. Sunproofing agents. 
Drugs (legal aspects of marketing). Antihistamines, 
Antimalarials, and Dentifrices 

Phystco Chimic Biologtqiie ct Medicate By Chris- 
TAiN BENfizECH Masson et Cie , Pans, 1958 
vii -b 684 pp 17 X 24 cm Price 8,000 fr 
This textbook (in French) is intended for bio- 
chemists, ph\ siologists, and others m the related 
fields of medicine The text is dnided into four 
mam parts under the headings Matter and its 
transformations. Homogeneous states of In ing 
matter (gas liquid-solution). Dispersed sj steins 
and inacromolecules, and Elements of phj sico 
chemical biologi A subject index is appended 
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Radioaclive Isotopes in Clinical Practice. By Edith 
H. Quimby, Sergei Feitelberg, and Solomon 
Silver. Lea & Febiger, Philadephia, 1958. 
451pp. 15.5x23.5 cm. Price .SIO. 

This book describes radioisotopes, tells how they 
act, and explains their clinical uses in diagnosis 
and treatment of disease. The text is divided 
into the three separately authored parts: Basic 
physics. Instrumentation and laboratory methods, 
and Clinical applications. The three autliors 
have worked as a team in this field, and their 
views correlate the information for physicians and 
technicians. The hazards of radiation and the 
procedures required to avoid them are stressed 
Author and subject indexes are appended. Phar- 
macists in radioisotope centers will find this a 
useful reference. 

Initiation Matliemattquc a la Physique Medicate el 
a la Biologic. By Julien Guelfi Masson et 
Cie., Paris, 1958. viii -|- 220 pp. 16.5 x 24 cm. 
Price 4,000 fr. 

This book (in French) is intended as a mathemat- 
ics text for students of medicine and pharmacy in 
particular. It ranges from algebraic calculations, 
elementary geometry, and trigonometry, through 
calculations of probabilities and statistics. 

Disinfection and Sterilisation. By G. Sykes. 
D. Van Nostrand Co., Princeton, 1958. xviii -t- 
396 pp. 15.5x25 cm. Price S10.75, 

This book, incorporating recent applications 
and discussions on theory and mode of action of 
disinfection and methods of sterilization, should 
be useful to medical bacteriologists, pharmacists, 
and industrial bacteriologists. The text is divided 
into six major parts. Part I discusses theory 
of disinfection and methods of testing disinfectants 
and antiseptics. Part II covers methods of steri- 
lization. Part III is devoted to air disinfection 
and sterilization. Part IV discusses disinfection 
of viruses. Compounds used as disinfectants and 
antiseptics are taken up in Part V. Part VI deals 
with methods of preservation in relation to foods, 
pharmaceutical products, and industrial materials. 
Author and subject indexes are appended. 

Accepted Dental Remedies 1939. 24th cd. American 
Dental Association, Chicago, 1958. xiv 210 
pp. 15.5 X 20.5 cm. Paperbound. Price S3. 

This book contains expanded sections on dental 
therapeutics. The monographs have been re- 
viewed by the Council and its consultants and have 
been reuTitten in the light of current scientific in- 
formation. The reorganized format, which made 
last year’s edition so popular, has been retained with 
minor additional improvements. A discussion of 
the prescription use of fluoride preparations is in- 
cluded in the chapter on Fluoride Compounds. 

As in earlier editions. Accepted Dental Remedies 
1959 includes information concerning drugs of rec- 
ognized value in dentistry, drugs of uncertain status 
more recently proposed for use by the dentist, and 
some drugs once employed extensively but now gen- 
erally regarded as obsolete. Only brands of drugs 
which the Council has classified in Group -X are in- 
cluded in the book. 


Guide Pratique dc la Laborantinc. 3rd ed. By J. 
Marliangeas. \''igot Freres, Editcurs, Paris, 
1958. 144 pp. 10 X 24 cm. Price 1,000 fr. 

This book (in French) is intended for beginning 
laboratory technicians and medical students. 
It describes techniques and procedures for bac- 
teriologic, hematologic and serologic, histologic, 
and chemical methods used in the clinical labora- 
torj'. 

Biochemical Engineering. Edited by R. Steel. 
The Macmillan Co., New York, 1958. 328 pp. 
14x21. 5cm. Price.S7.50. 

This book is based upon postgraduate lectures 
on the industrial application of biochemical proc- 
esses, particularly as they apply to unit processes 
in fermentation. The te.xt is divided under the 
chapter headings: Principles of biochemical engi- 
neering; Scope of biochemical engineering; Micro- 
organisms and their activities; Substrates for 
fermentation processes; Sterilization of equipment. 
Air and media; Development of anaerobic fermen- 
tation processes; Acetone-butanol; 0.\j'gen supplj’ 
and demand in aerobic fermentations; Develop- 
ment of aerobic fermentation processes; Penicillin; 
Equipment design; Recovery of fermentation 
products; and Present trends and future develop- 
ments. A subject index is appended. 

Organic Syntheses. X'ol, 38. Edited by John C. 
Sheehan. John Wiley & Sons, Inc., New York, 
1958. vii + 120 pp. 15 x 23 cm. Price S4. 
Methods of synthesis are provided in this volume 
for the compounds in the list which follows: 2-Ami- 
no - 4 - anilino - 6 - (chloromcthyl) - s - triazine; 
2 - Benzylaminopyridine; Benzyltrimethylammo- 
nium etlioxidc; 4-Bromo-2-heptene; 2-Bromo-3- 
mcthylbenzoic acid; 3-(o-Chloroanilino) propio- 
nitrile; Dibromaocetonitrile; Dicyclopropyl ke- 
tone; Diethyl methylenemalonate; 5,5-Dimcthyl- 
2-H-pcntyltetrahydrofuran; Diphenylacetaldehyde; 
N- Ethyl- p - chloroanilinine ; 5 - Formyl - 4 - phenan- 
throic acid; Hendecanedioic acid; 3-Hydroxytetra- 
hydrofuran; 6-Kctohendccanedioic acid; 2-Methyl- 
2,5-decancdiol ; traHS-2-Methyl-2-dodecenoic acid; 
2-Methylenedodccanoic acid; ^-Methylglutaric an- 
hydride; Methj-1 Hydrogen Hendecanedioate; 
1-Methylisoquinoline; Methyl p-toljd sulfone; 
Monobenzalpentaerythritol ; Monobromopenta- 
erythritol; Monovinylacetylcne; l-Nitro6ctane; 
1,4 - Pentadiene ; a - Phthalimido - o - toluic acid ; 
/raax-Stilbene oxide; and 2-\'inylthiophcnc. 

Treatment in Internal Medicine. By Harold T. 
Hyman. J B Lippincott Co., Philadelphia, 1958. 
xiv' -j- 609 pp. 17.5x25.5 cm. Price 812.50. 

A compe.ndium of current treatment procedures 
designed to serve as a ready and reliable source of 
information for the busy physician. Its pharma- 
ceutical interest lies in the discussion and evaluation 
of many drugs. 

Physiology of Spinal Anesthesia. By Nicholas M. 
Greene. The Williams & Wilkins Co., Balti- 
more, 1958. xi -)- 195 pp. 15 x 2.3 cm. Price 
86. 

documented review and evaluation of the 
physifilogy of spiind anesthesia. 
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Cinnoline Chemistry IV* 

Infrared Spectra 

By RAYMOND N. CASTLE, DAVID B. COXf, and JOHN F. SUTTLE| 

The infrared spectra of eighteen cinnolines have been determined. A consistent 
absorption band at approximately 6.35 microns has been observed and this has been 
assigned to the interaction effects of the ring double bonds of the cinnoline ring, 
namely the — C=C — , the — N— N — and the — C=N — bonds. This absorption band 
appears to be characteristic of the cinnoline ring system. 


'T^hc synthesis of compounds containing the 
cinnoline ring system has been a subject of 
interest in this laboratory for some time (1, 2, 
3). The compounds described in this paper were 
prepared for pharmacological screening. In the 
course of the preparation of the compounds 
described (3) it became desirable to study the 
infrared spectra of a number of cinnolines. 

Attempts to h 3 'drolyze a-4-cinnoMdiphcnj'l- 
acetonitrile to the corresponding carboxylic acid 
which was then e.\pected to decarboxylate to 
a-I-cinnoMdiphenj’Imethane gave back a quan- 
titative yield of the starting material. Analytical 
data indicated the presence of the nitrile group. 
This was confirmed by a weak but definite absorp- 
tion band at 4.5 microns indicative of the — C=N 
stretching vibration (Table I). These data 
confinn tire presence of the nitrile group. Pre- 
sumably this particular nitrile group is too hin- 
dered for hydrolysis to take place, even when 
heated sixty hours in 00 per cent sulfuric acid 
solution. 

* Rccened July 2S. from the Unixcrstly of New Mex- 
ico Laboratory of Pharmaceutical Chcmistrj' and the De- 
partment of Chcmistrj'. Albuquerque 

Presented before the Section of Pharmaceutical Cbcimstrj' 
and niochcmislry. The Fourth Pan American Congress of 
Pharmacy and Biochemistry, November -I, 1W7. Washmc 
ton. DC . . K 

The author? wish to express appreciation to the Upjohn 
Company, Kalamaroo, Mich , for generous financial supi>ort 
tiunng the course of this work 

T Upjohn Rcsearcli Fellow in Chemistrj* Present address 
Socony Mobile Oil Laboratories, *112 Grccnpoint Avenue. 
Brooklyn 22, N. Y 

t Present address Radiation Laboratory. Utiiv’crsity of 
California. Berkeley 


The infrared spectra of IS cinnolines have been 
determined. In all the cinnolines studied an 
absorption band occurs in the 6.33 micron region. 
Examination of the data in Table I under the 
heading Cinnoline Ring will disclose absorptions 
vao'ing from 6.20 microns to 6.40 microns with 
the majorit}' falling between 6.34 and 6.38 
microns. It is expected that interactions of tire 
other groups present in the compounds would 
shift the absorption bands somewhat. This 
absorption band has been assigned, on the basis 
of the 18 compounds studied, to the interaction 
effects of lire ring double bonds. The overall 
absorption at this wavelength is probably due to 
the combined interaction effects of — X=N— 
— N==C — and — C=C — bonds. The absorp- 
tion spectrum of liquid p)-ridazine (4) shows a 
ven' strong absorption band at 6 3S microns 
(1567 cm.-'). 

The spectrum of 4-hydroxycinnoline fails to 
reveal on OH stretching vibration in the 3 micron 
region, Iiowever, a shoulder is found at 0.17 
microns which is interpreted to indicate a ring, 
conjugated carbonyl. Tiicse data suggest that 
4-hydrox\-cinnoline exists in the tautomeric 
4-cinnoIone structure, 11, in the solid state. 

This is in agreement with the work of Hearn, 
Morion, and Simpson (o) in which 4-hydro.\3'cin- 
noliuc was described as approximately a 70-30 
taulnmcric mixture of fonns I and II wiUi Ihti 
cinnolone structure predominating in alco’— ** 
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I 

H 

I II 


solution. The spectral evidence for the structure 
of 6,7-dimethoxy-4-hydroxycinnoline is in agree- 
ment with the 4-cinnolone structure. There is 
no apparent OH stretching vibration 

The spectrum of 4-aminocinnoline reveals 
weak absorption band at 3.02 microns. In con- 
trast a very strong absorption band is noted at 
5.97 microns which is indicative of the — C=NH 
grouping. Three other absorption bands at wave- 
lengths that can be attributed to NH bending 
vibrations are noted at 8.97 (m), 12 23 (m), and 
13.05 (m). A fourth at 12.94 (s) can be at- 
tributed to N — H deformation vibration. Based 


on this evidence, 4-aminocinnoline, III should 
exist predominant!}^ in the imino structure, 
IV, in the solid state. This interpretation is in 
agreement with the conclusions reached by Hearn, 
Morton, and Simpson (5) based upon ultraviolet 
absorption spectra. 


NH, NH 



I 

H 

III IV 


The absorption band due to the nitrile group in 
a-4-cinnolyldiphenylacetonitrile is shifted from 
4.G5 microns to 4.50 microns in this strongly 
hindered nitrile. The intensity of this absorption 
is weaker than any other nitrile studied. Four 
strong intensity (13.17, 13.38, 14.21, and 14.32) 


Table I — Infrared Spectra of Cinnolines 


Compouad 

OH 







, Wave Length m Microns 

Cyano Cinnoline Phenyl Methovv 

Group Ring Ring Group Miscellaneous 


6 40 sh 


6 30 ^ sh 7 80 s 6 17 m 

6 33 ? w 7 88 s 9 24 m 

8 13 s 
8 23 s 
8 52 m 
8 93 w 

6 20 ’ w 7 12 s 

7 95 in 

8 04 m 
8 20 m 
8 34 m 
8 63 m 
8 81 m 


6 37 w 


6 38 s 


6 17 sh alpha, beta-unsaturated 
aminoketone 

9 27 m 


11 55 m 

12 02 m 

12 20 in 

13 75 

6 53 
6 69 
9 77 w 
9 95 w 

10 43 m 

11 76 m 

12 10 ni 

12 57 m C— Cl 

6 67 w methyl deformation 
8 68 w methyl rocking vibration 
12 22 w methyl rocking vibration 

12 82 w 

13 22 

14 25 w 

3 02 w NH stretching 

5 97 s C=NH 

6 63 s 

7 70 s 

7 93 s 

8 23 s 

8 97 m NH — bending 

9 26 m 
9 85 m 

1 1 65 m 

12 23 m NH bending 

12 94 m NH deformation 

13 05 s NH bending 
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Table I {Continued) 


Compound 




OCH, 




C3’aDo Cinnoline 

Group Rtng 

6 35 m 


Wa\e Length m Microns- — — . 

Phenyl JvXethoxy 

Ring Group Miscellaneous 

6 69 m 12 95 m] 

13 21 s (out of plane C — H defor- 

13 97 s j Illation vibration 

14 30 mj 


4 64 s 6 34 s 6 20 w 

6 59 s 


3 12 s 
8 12 m 

8 80 m 

9 ISm 
13 00 m] 

13 15 ml out of plane C — H defor- 

13 40 m ( mation vibration 

14 25 s J 


6 25 m 

7 

80s 

9 

85 

m 


6 68 m 

7 

95 s 

12 

03 

m] 

1 out of plane C — H defor- 


8 

06 m 

12 

40 

IV 

i- mation vibration 


S 

52 m 

13 

00 

mJ 

1 


8 

67 iv 






8 

95 iv 






6 20 «• 

7 85 m 

12 70 w 


6 30 m 

8 04 m 

12 95 m 

lout of plane C — H defor- 
I mation vibration 

6 63 s 

8 29 m 
8 81 m 

13 45 iv 

14 25 m, 

6 19 in 

7 72 s 

7 95 m 

8 05 s 

9 77 w 
9 95 m 
10 42 m 



8 19 s 

11 75 ml 

out of plane C — H defor- 


8 34 s 

8 63 s 

8 82 s 

12 10 m 
12 57 mJ 

1 mation vibration 


and two medium intensity (14.05 and 14.70) 
absorption bands are found in the spectrum of this 
hindered nitrile. These are attributed to the 
out of plane C — H dcfonnation vibrations to 
be expected in a molecule of this type. 

EXPERIMENTAL 

The uifnircd spectra uerc determined from pastes 


m Nujol uith a Perkin Elmer Model 21 double beam 
spectrophotometer 

The compounds uere prepared bv methods pre- 
viously described (1. 2, 3) except for 4-aminocmno- 
Imc 

4-Annnocinnoline. — Three grams of 4-ch!orocm- 
iiolme uas heated for eight hours at 95° in a capped 
coke” bottle u ith 150 ml of 28% aqueous ammonia. 
Ihe reaction mixture was evaporated under reduced 
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Table I (Continued) 


Compound 


Wave Length in Microns 

Cyano Cmnoline Phenyl Methoxy 

Group Ring Ring Group Miscellaneous 


pCHs 4 65 w 6 35 m 

— OCHs 


I 

CHCN 




6 25 w 
6 70 m 


7 80 w 11 40 w 

7 94 m 11 70 m 

8 07 m 12 46 m out of plane C — H defor- 

mation vibration 

8 28 m 13 00 m 

8 52 ra 13 35 ra o-disubstituted phenyl 
8 62 m 
8 81 m 


jAj— OCH, 

Y 

CHCN 





CHjO— 


4 65 m 6 38 s 


4 64 s 6 36 s 


4 65 s 6 33 s 


6 35 w 


6 

16 m 

7 

87 m 

11 52 m' 


6 25 w 

8 

00 m 

11 93 m 

Lut of plane C — H defor- 

6 

68 s 

8 

16 m 

12 05 w| 




8 

27 m 

12 32 w 

[• mation vibration 



8 

35 m 

12 55 m 




8 

97 m 

13 15 w| 

-mono substituted 



9 

20 m 

14 25 w, 

1 phenyl 


6 15 m 

7 92 s 

9 

78 s 


6 25 m 

8 05 s 

10 

10 s 


6 63 s 

8 14 s 

11 

58 w' 



8 28 s 

11 

90 s 1 

out of plane C — H defor- 


8 56 s 

12 

00 ml 

mation vibration 


8 76 s 

12 

25 s 



8 95 s 

13 

08 ml 

o-disubstituted phenyl 


9 15 s 

14 

20 W; 



9 48 m 





6 

15 s 

7 

63 

m 

9 

52 

s 

6 

55 m 

7 

87 

s 

9 

85 

m 

(naphthyl) 

7 

95 

m 

9 

98 

s 



8 

08 

m 

11 

39 

m 



8 

25 

s 

11 

82 

m 



8 

58 

m 

12 

08 

m 



8 

82 

m 

12 

45 

m 



9 

24 

m 

12 

80 

s 






13 

38 


6 

50 w 

7 

65 

m 

6 

21 

m 

6 

60 rn 

7 

90 

m 

9 

65 

m 



8 

10 

m 

9 

75 

m 



8 

27 

m 

10 

12 

m 



8 

57 

m 

11 

37 

w] 






11 

88 

ml 






12 

00 

m( 






12 

87 

wj 


out of plane C — H defor- 
mation vibration 

naphthyl 


mation vibration 


6 20 w 

7 14 m 

6 30 w 

8 49 m 

6 72 s 

8 70 m 


8 75 m 


9 34 m 


9 70 m 


9 99 m 


4 50 w 6 38 m 
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Compound 



Table I {Continued) 


Cyano 

Group 


Cinnoliue 

Ring 


Wave Length in Microns 

Phenyl Methoiy 

Ring Group 

11 03 W 

11 22 w' 
12.20 w 

12 40 w 

12 60 w 

13 17 s 

13 38 s 

14 05 m 
14 21 s 
14 32 s 
14 70 m 


Miscellaneous 


out of plane C — H defor- 
■ mation vibration 



6 38 m C 70 tv 


3 03 s ) 
3 18 s 1 

5 95 s f 

6 13 s j 

7 10 m 
7,70 tv 

8 03 tv 
8 86 tv 
8 80 m 

10 48 tv 

11 88 tv] 

12 30 tv 

13 25 s 

14 23 s j 
14 93 m 



\ 

NHj 


out of plane C — H defor- 



OCH, 

— OCHt 

I 

CHCONHi 





6 80 ra 


6 70 s 


7 78 m 

7 90 m 

8 05 ro 
8 15 s 
8.29 s 
8 51 m 
8 72 s 


3 03 s 1 
3 18 s 1 

5 97 s f 

6 18 s j 

7 15 m 
9 63 m 
9 76 s 

10 13 m 

10 35 w 

11 38 tvl 

11 80 s 

12 00 m! 
12 45 m 

12 68 tv 

13 12 mj 

14 85 m 



\ 

NHj 


out of plane C — H defor- 
mation vibration 


o-substituted phenyl 


pressure \ yield of 2 70 Gm (97%) of crude 4- 
aminocinnoline melting at 208-212° tvas obtained 
After purification by solution in dilute hydrochloric 
acid, precipitation tvith dilute sodium hydroxide, and 
subsequent crystallization from aqueous ethanol 
(charcoal), there tvas obtained 2 1 Gm (87%), of 
fine yellow crystals nt p 215 5-218° (Keneford, 
Schofield, and Simpson (Oj report 212-213°) The 
identity of the 4-aminocinnoUnc, prepared in this 
manner, tvas confirmed by the preparation of 4- 
acetylaminocinnoline Seven-tenths of a gram of 4- 
ammocinnoline tvas refluxed for six and one-half 
hours tvith a mixture of 3 ml of acetic anhydride 
and 8 ml of dry pyridine The amine tvas slowly 
soluble in the acetic auhydride-pyridine mixture, A 


part of the pyridine-acetic anhydride mixture tvas 
removed by vacuum evaporation and the residue tvas 
poured into cold water The product which sepa- 
rated tvas purified by crystallization from ethanol 
(charcoal). The purified product amounted to 
0 22 Gm of fine crystals melting at 277° tvith de- 
composition 
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Studies on the Pharmacology of Cobalt Chloride* 


By H. R. MURDOCK, Jr. 


The studies reported show that at dosage 
levels approximating those used in therapeu- 
tics, cobalt is absorbed in the rat in signifi- 
cant quantity. Oral administration has been 
shown to produce demonstrable increases in 
erythropoietin in the blood and, as a result, 
peripheral blood values respond to an extent 
proportional to the dosage administered. 

/^OBALT THERApy is Widely used in the treal- 
ment of certain forms of anemia, both in 
Europe and in the United States. However, 
its mechanism of action remained obscure prior 
to the demonstration by the Jacobson group (1) 
that its erythropoietic effect was due to increased 
erythropoietin formation. 

Earlier pharmacologic studies dealing with 
absorption, excretion, toxicity', and metabolism 
of cobalt were based largely' on parenteral ad- 
ministration. Since, however, oral use repre- 
sents the principal therapeutic application, it 
was considered important to study these same 
factors upon oral administration and to relate 
these findings to previous work. 

Our studies with oral cobalt administration 
form the basis of this report. 

MATERIALS AND METHODS 

Absorption and Excretion. — Radioactive cobalt 
chloride solution was given orally' in single individual 
doses by metal stomach tube to fasted adult albino 
rats. The solutions were prepared with sufficient 
Co*® chloride so that each dose represented approxi- 
mately 1 ftc of radioactivity, they' were adminis- 
tered at dosage levels of 0.25 mg /Kg , 1 25 mg /Kg , 
5 mg /Kg , and 10 mg /Kg. of elemental cobalt The 
animals were immediately' placed in metabolism 
cages and the pooled urine and feces collected sep- 
arately from each group during a seventy-two-liour 
period Three to six animals comprised each dosage 
level group. 

The radioactivity was determined at intervals in 
aliquot portions of both urine and feces in a well-type 
scintillation connter Feces were digested with con- 
centrated hydrochloric acid prior to counting 

Determination of Erythropoietin. — W^e have modi- 
fied the method of Goldwasser, el a! (1), to permit 
the oral administration of cobalt Large fasted rats 
were given 100 mg./Kg. of elemental cobalt, 
as cobalt chloride, orally by metal stomach tube 
Tliey were exsanguinated twenty hours later, and the 
plasma obtained by centrifuging the heparinized 
blood. Two milliliters of this plasma was injected 
intraperitoneally into fasted rats weighing 120 to 
150 Gm for two successive days. On the third day, 
1 to 2 pc of Fc” were injected into the external jugu- 

* Received September 2C, I9 jS, from the Department of 
Biological Sciences. Lloyd Brothers. Inc . Cincinnati. Ohio 
Technical assistance intoUed in these studies nas given by 
n W. TmczynsLi and J M Wagner Appreciation is ex- 
tended to* Dr L J Klotz for assistance in preparing this 
manuscript. 


lar On the next succeeding day', blood was taken 
from the heart and the radioactivity' counted in a 
tvell-ty'pe scintillation counter. The Fe™ utilization 
was calculated and compared with controls Hemo- 
globin was also determined at the same time and rats 
with abnormal values w'ere discarded. 

Hemopoietic Studies. — Thirty' adult male rats, 
225 to 250 Gm , were given 10 mg /Kg of elemental 
cobalt, as cobalt chloride, orally' bv metal stomach 
tube five day's a week A similar group of tu'enty- 
six rats received an equal volume of isotonic saline 
by metal stomach tube. All animals were main- 
tained throughout the experiment on a standard diet 
and were kept in cages subject to identical conditions 
of temperature, etc 

The erythrocyte count, hemoglobin, and hemato- 
crit determinations were done at frequent intervals 
during the one hundred fifty'-day' period of study'. At 
the end of the study', all rats were autopsied and 
tissues taken for microscopic pathologic examination. 

Blood for hematologic determinations was col- 
lected in heparinized vials from the tail of lightly 
etherized animals Erythrocyte determinations 
W'ere done by standard methods using a Spencer 
‘‘Bright-Line” counting chamber. Hemoglobin was 
determined by the cyanmethemoglobin method. 
Hematocrit determinations were done using ^han 
Allen tubes Blood volume determinations w'ere not 
considered necessary because of the well-established 
fact that cobalt administration has no significant ef- 
fect on blood volume (2) 

Toxicity . — The oral LDm was determined by' the 
usual methods in adult fasted rats Ten rats w'cre 
used at each of the six dosage levels 

In determining chronic toxicity', one group of eight 
rats w'eighing approximately 225 Gm received 10 
mg /Kg of elemental cobalt orally', as cobalt chlo- 
ride, five day's a W'eek by' metal stomach tube for 
tw'C hundred forty' day's .A second group of ten ani- 
mals, weighing approximately' 98 Gm , received 4 
rag /Kg of elemental cobalt in the same manner for 
two hundred ten days At the conclusion of the test 
period, all animals were sacrificed, organs examined 
and weighed, and sections made for microscopic ex- 
amination 

RESULTS 

Absorption and Excretion. — Absorption w as rapid 
as ev'idenccd by the appearance of labeled cobalt 
w'ithin thirty' minutes in the urine of all animals 
tested (Table I) The principal portion of the ab- 
sorbed isotope was excreted in the urine during the 
first few hours after administration 

Of the total dose administered, approximately' 27, 
25, 15, and 12% was excreted in the urine at the dos- 
age levels of 0 25, 1 2.5, .5, .and 10 mg /Kg. of ele- 
mental cobalt, respectively Since biliary' excretion 
is also known to be a factor, these values probably' 
represent minimum absoriition figures 

Urinary excretion plotted against time on semi- 
logarithmic paper appears to approach a straight-line 
relationship (Fig If Cobalt, therefore, adminis- 
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Table I — Urinary Excretion of Difterent 
Dosages of Co“ After Oral Administration of 
Labeled Cobalt Chloride to Rats 



0 25 mg 

I 25 mg 

5 mg 

10 mg 

After 

Co/Kg , 

Co/Kg . 

Co/Kg , 

Co/Kg , 

Admin 

% 

% 

7o 

% 

0 5 

1 1 

1 2 



2 0 

11 2 

8 7 

4 4 

0 2 

4 0 

16 6 

14 0 

S 0 

2 3 

6 0 

18 3 

16 8 

9 3 

4 5 

24 0 

23 9 

21 5 

10 4 

7 0 

48 0 

24 7 

23 6 

13 1 

10 8 

72 0 

26 73 

25 0 

14 5 

11 5 


Table II. — Fe‘® Red Cell Incorporation in Rats 
Treated ivith Cobalt-Enhanced Erythropoie- 
tin-Rich Plasma 


Group 

No 

of 

Rats 

% Fei* 
Incorpo- 
ration 

S D 

Controls 

32 

S 3 

±3 2 

Erj'thropoietin-rich 
plasma (from oral co- 
balt treatment) 

29 

19 3 

±4 9 

Erythropoietin-rich 
plasma (fiom subcu- 
taneous cobalt treat- 
ment) 

5 

21 3 




Fig. 1. — Urinary excretion of orally administered 
radiocobalt in rats. (Ordinate given in log-scale). 


tered orally as the chloride, is absorbed in quantities 
roughly proportional to the dose given and is ex- 
creted principally in the urine 

Erythropoietin Determination. — Parenteral co- 
halt administration results in increased radioiron 
red cell incorporation due to crj thropoietin forma- 
tion (1). .\s an assay procedure, liou'evcr, the 

method requires doses of cobalt near the LDso level 
and mortality is high among the test animals 

I'alues obtained with orally administered cobalt 
at a dosage of 100 mg /Kg. acre essentially similar 
to those found after parenteral administration, but 
the inortalitj u as greatly decreased There was no 
apparent inconsistency between results obtained by 
the two methods 

These findings, therefore, indicate both that oral 
cobalt is elTectivc in enhancing the formation of eryth- 
ropoietin aud that the assay technique may ad- 
vantageously be modified to use oral administration 
Results are shown in Table 11 
Hemopoietic Response.— Results are shown in 
big 2 Tlie values represent the average of each 
group of animals It is of interest to note that a 


steady increase in the hematopoietic indexes oc- 
curred during the first sixty days and thereafter the 
polycythemia was maintained without further sig 
nificant change. Since the blood indexes were essen- 
tially unchanged after ninety days, some of the 
rats w’ere dropped from the experiment, leaving 16 
rats in each group Eleven animals in the control 
group and 12 cobalt-treated animals were earned 
throughout the experiment Nine deaths occurred, 
mortality being due either to injury by the metal 
stomach tube or to anesthesia. 

Table III shows the calculated mean corpuscular 
hemoglobin concentration and mean cell volume It 
is evident that no significant changes occurred in 
these indexes and that, therefore, both cell size and 
hemoglobin content per cell, under cobalt therapy, 
remained approximately the same as in the normal 
animals 

These data are in keeping with the absorption 
data presented and indicate that oral cobalt is effec- 
tix-e as a hemopoietic agent 

Toxicity. — The LD„o of cobalt chloride was found 
to be 144 mg elemental cobalt per kilogram (Table 
IV) Toxic sj’mptoms at the higher dosages ap- 
peared immediately after administration, and 
within six hours the rats either died or began to re- 
cov'cr 


Table III. — Hematologic Inde.xes for Cobalt- 
Treated Rats 







— 

Dajs 

M C 


M C 



Treat 

H C . 


H C . 



ment 

% 

M C V 

% 

M C V 


0 

36 

54 6 cu 11 ° 

34 

56 0 cu 


30 

37 

54 0 cu M 

35 

55 3 cu 


60 

38 

53 6 cu p 

.39 

52 5 cu 


90 

37 

53 4 cu. fi 

39 



150 

38 

52 9 cu fi 

37 

50 5 cu 



® Cu ft — cubic microns, M C H C — mean corpuscular 
hemoglobin concentration, M C V — mean cell \olume 


Table IV — LDw Data for Cobalt Chloride 
Ad.mi.ntstered Orallv to Fasted Rats 


Me Co/Kg 

98 

122 

137 

isn 

153 

191 


^^o Deaths 
No Injected 


1/10 
2/10 
3/10 
5/10 
7/10 
10/10 

LD,i = 144(127-102) mg Co/Kg.' 


" Method of Litchfield and Wilcoxon (I) 
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Table — Body Weights and Ratio of Organ to Body Weights of Rats Receiving Oral Cobalt 

Chloride 


Duration / Ratio of Organ Weight, %• 


Group 

Daily Dose 
mg. Co/Kg. 

of Expt., 
Days 

Body Weight, Gm, 
Initial Final 

Adrenal 

X 100 

Kidney 

Liv’er 

Spleen 

Control 

. . (5)» 

240 

228 

424 

0 98 

0.69 

3.5 


Cobalt chloride 

10 (6) 

240 

224 

382 

0.98 

0.75 

3.8 


Control 

.. (7) 

218 

98 

404 

0.99 

0 58 

2.9 

0.14 

Cobalt chloride 

4(6) 

218 

98 

396 

1.00 

0.67 

3 4 

0.20 


Numbei of animals in parenthesis 



Fig. 2. — Average hemoglobin, hematocrit, and 
erythrocyte count of normal rats receiving 10 rag./ 
Kg. elemental cobalt five days a week as compared 
with control animals. 

Table Y shows the initial and final body weights 
and ratio of organ weight to body weight of the rats 
receiving oral cobalt chronically. A few of the ani- 
mals were lost due to injury caused by the daily 
stomach tubing It was considered that there were 
no significant differences in the body weights of con- 
trols and the animals receiving cobalt. The adrenal 
weights were approximately the same but the aver- 
age weights of kidneys, livers, and spleens of the co- 
balt-treated groups were slightlj’ heavier than the 
controls. Extra-medullary erj'thropoiesis, a com- 
mon phenomenon in rats, maj’ be responsible for the 
increased weights of spleen and liver. 

Microscopic examination of the kidneys of the rats 
on the 10 mg./Kg. dosage level, but not on the 4 mg. 
dose level, revealed some necrosis of the cells lining 
the tubules. This was not unexpected since the kid- 
ney is the main pathway for the excretion of cobalt 
(4). The phenomenon is reversible, however, since 
examination of the kidneys c f rats autopsied thirty 
days after cobalt administration was discontinued 
showed no necrosis and were normal compared to 
kidneys from control rats. Similar changes have 
been described by others (5). 

The bone marrow cf the rats receiving cobalt was 
hypercellular, particularly in the cells of the ery- 
throid series. The Malpighian corpuscles of the 


spleen were enlarged, as described by Hopps, cl al. 

(6) , in rats receiving subcutaneous injections of co- 
balt chloride. Both of these changes arc in accord 
with the polycythemia produced in these rats. 

DISCUSSION 

Studies on the extent of cobalt absorption, after 
oral administration, have been contradictory. Ad- 
ministration in animal feed has failed to provide 
definitive limits of dosage and there has been no at- 
tempt to correlate findings with clinically used 
dosage levels. 

Minute doses are said to be completely absorbed 

(7) and larger dosages half absorbed (8), but others 
have reported insignificant gastrointestinal absorp- 
tion (9). Therapeutically, adult dosage levels ap- 
proximate 0.25 mg./Kg. of elemental cobalt, as co- 
balt chloride, per day. At this level, in our stud- 
ies, absorption approximated 25% of the dose ad- 
ministered. Urinary excretion of the absorbed co- 
balt was relatively complete within twenty-four 
hours. These data are in accord with the findings of 
others (10). 

Absorption after oral administration is sufficiently 
great and consistent to permit the demonstration of 
increased erythropoietin formation by cobalt. The 
consequence is a marked parallel increase in hemo- 
globin, red cell count, and hematocrit while the red 
cell indexes remain nearly constant and do not differ 
appreciably from those of controls Continued ad- 
ministration eventually results in a plateau for hemo- 
globin and hematocrit values, with the polycythemia 
being maintained at the new level. The response is 
proportional to the dosage used. 

Acute toxicity studies indicate that cobalt chlo- 
ride, given orally', is not very toxic and long-term 
administration indicates that at dosage levels ap- 
proximating 10 times those used in therapy, no sig- 
nificant toxic effects are present. As has previously 
been reported (5), massive experimental doses may 
cause transient kidney' damage. 
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A Pharmacologic Evaluation of 
Certain Cobalt-Containing Hemopoietic Agents* 

By H. R. MURDOCK, Jr., and L. J. KLOTZ* 

Gastrointestinal absorption of cobalt-containing compounds appears to depend, in 
part, on a mechanism which concerns cobalt alone and is not dependent on the re- 
mainder of the molecule. The systemic toxicity appears to increase directly with the 
dissociation to supply cobalt ion. Cobalt disodium ethylenediamine tetra-acetate 
shows little dissociation and little systemic toxicity. The enhancement of erythro- 
poietin formation can be accomplished in approximately the same degree by equiva- 
lent cobalt doses given as ionic cobalt, complex-ion, or diflScultly dissociated che- 
lated cobalt. This is subsequently refleaed in peripheral blood indexes. Both 
cobalt polyglucopyranose and cobalt disodium ethylenediamine tetra-acetate have 
higher therapeutic indexes, as determined in the rat, than does cobalt chloride. 
Both would appear suitable for clinical trial. No evidence of chronic toxicity was 
found from prolonged oral administration of cobalt polyglucopyranose or cobalt 
disodium ethylenediamine tetra-acetate in the rat. Cobalt disodium ethylenedia- 
mine tetra-acetate (Copoietin A) appears to represent the most satisfactory type of 
cobalt compound tested and should be worthy of clinical trial as a therapeutic 

agent. 


A LTHOUGH cobaltous chloride has received 
wide acceptance as a therapeutic agent in 
the treatment of anemia, its usefulness may be 
limited by gastrointestinal intolerance tvhich 
often appears above dosage levels of about 100 
mg. per day in humans. Furthermore, the 
"heavy metal effect” and the local irritant action 
of cobalt chloride practically preclude the use of 
effective doses by parenteral administration. 

Numerous other cobalt compounds, usually 
of the "complex" type, have been described in the 
literature as having therapeutic merit because of 
decreased toxicity, decreased side effects, or 
practicalit.y for parenteral use. None has found 
general medical acceptance at this time. 

It is the purpose of this report to describe some 
of the phannacologic properties of certain cobalt 
compounds which appear to offer advantages for 
possible therapeutic use. Three compounds 
studied were : cobalt-niacinamide complex, cobalt 
polyglucopyranose, and cobalt disodium ethyl- 
enediamine tetra-acetate. 


MATERIALS AND METHODS 


Preparation of Cobalt Compounds.— Cobalt- 
niacinamide comple.x was prepared according to pub- 
lished methods (1) It is a red crystalline material, 
soluble in water and alcohol, and contains about 
16% elemental cobalt. 

Cobalt polyglucopyranose is a complex prepared in 
this laboratory as follows. Five grams of "soluble 
starch” aud 1 Gm. of cobaltous chloride in distilled 
water is brought to approximately pH 11 by the ad- 
ditioiv of 10% aqueous sodium hydroxide The 
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formation of the complex is indicated by the appear- 
ance of a deep blue color. Excess isopropanol (one 
to three volumes) is then added. The complex pre- 
cipitates and is washed free of alkaline chloride and 
any unreacted cobaltous chloride by washing with 
several portions of isopropyl alcohol. It appears 
that the cobalt atom is linked to the 1,4 oxygen 
bridge of the polyglucopyranose structure. It is 
greenish blue, noncrystalline solid, slightly soluble in 
water, insoluble in alcohol, and containing about 
7% elemental cobalt. 

The cobalt disodium ethylenediamine tetra- 
acetate chelate was prepared according to the 
method described by Schwarzenbach (2). It is a red 
crystalline material containing about 15% elemental 
cobalt which forms stable solutions in water and al- 
cohol. Cobalt chloride used in certain of these stud- 
ies was the commercial C. P. cobalt chloride hexa- 
Uydrate with the purity verified by chemical assay. 

Toxicity Studies. — Adult albino rats were used 
for the LDio determinations. They were fasted over- 
night and the compound given the next morning so 
that the animals could be closely observed during the 
day. Ten rats were used at each dosage and at least 
five dosage levels were used for each compound. 

Chronic toxicity studies were conducted on both 
weanling and adult rats. The cobalt compounds 
were administered orally five days a week by metal 
stomach tube. At the end of the study the rats were 
autopsied and the tissues and organs examined for 
gross as well as microscopic changes. Two groups of 
rats kept under identical conditions were given co- 
balt chloride and saline, respectively, as controls. 

Absorption and Excretion Studies. — Labeled 
radiocobalt (Co**) compounds were specially pre- 
pared for these studies. The method of preparation 
of the compounds used was that described above ex- 
cept that proper amounts of radiocobalt (Co*’) were 
used along with nonradioactive cobalt in the synthe- 
sis. The radioactive compound was giv'cn orally to 
fasted rats by metal stomach tube in a dosage repre- 
senting 0.25 and 1.25 mg./Kg. of elemental cobalt. 
The lower dose closely approximates the common 
daily adult clinical dose of CO mg. of cobalt chloride 
calculated on a weight basis. The rats were imme- 
diately placed in metabolism cages and the urine and 
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feces collected separately. Aliquot portions of the 
urine and of the acid-digested feces were counted in 
a well-type seintillation counter and the total 
amount of excreted cobalt was calculated. 

Determination of Erythropoietin. — The procedure 
consisted of giving the cobalt compound orally to 
large eighteen-hour fasted rats at a dosage represent- 
ing 100 mg./Kg. of elemental cobalt. Eighteen to 
twenty hours later the animals were exsanguinated 
under light ether anesthesia. Two milliliters of 
plasma from this blood was injected intraperitoneally 
into eighteen-hour fasted rats which were deprived of 
food throughout the assay. Twenty-four hours later, 
these animals received another 2 -ml. injection of 
plasma. On the third day they were injected intra- 
venouslj' with 1 to 2 ^c. of radioiron (Fe®®). Twenty- 
four hours later, blood was obtained from the heart, 
the Fe®’ activitj' determined, and the percentage of 
erythrocyte incorporation of radioiron calculated. 
Details of the method are published elsewhere (3)- 

Hemopoietic Studies. — The methods used were 
similar to those reported previously (4). The com- 
pounds were administered five days a week to adult 
male rats by metal stomach tube. Hematologic 
data were determined at intervals. Blood samples 
were taken from the tail vein observing the usual pre- 
cautions to avoid error. Erythrocyte counts were 
carried out using a Spencer “Bright-line” counting 
chamber; hemoglobin was determined photocolori- 
metrically; and hematocrit by the Van Allen 
method. 

Urinary Calcium. — Because of certain theoretical 
considerations, it was thought desirable to deter- 
mine the effect of one of our compounds (cobalt 
disodium ethylenediamine tetra-acetate) on urinary 
calcium excretion. For this purpose, total urinary 
calcium was determined by a modification of the 
method of Shohl and Pedley (5) in five human sub- 
jects. The values obtained on each subject during a 
control period of four days were taken as normal. 
This was followed by a four-day period during which 
time each subject took 440 mg. a day of cobalt di- 
sodium ethylenediamine tetra-acetate in divided 
doses. This dose represents somewhat more than 
four times the elemental cobalt dosage usuallj- given 
as cobalt chloride. Diet was not restricted except 
that the subjects attempted to eat and drink roughly 
the same amount of high calcium foods each day thej' 
participated in the stud.v. 

RESULTS 

Acute Toxicity. — The acute LDso for cobalt chlo- 
ride and for each of the three cobalt compounds, 
cobalt-niacinamide, cobalt polyglucopj-ranose, and 
cobalt disodium ethylenediamine tetra-acetate in the 
rat are given in Table I. Data are given in mg./Kg. 
of elemental cobalt represented by the dosage of the 
compound administered. Cobalt-niacinamide is of 
the same order of acute toxicity as cobalt chloride 
and in this respect does not appear to offer any ad- 
vantages over the latter. 

The intraperitoneal LDso of cobalt polyglucopy- 
ranose represents 26 mg./Kg. of elemental cobalt. 
This is less than one-third as toxic as cobalt chloride. 
The onset of toxic symptoms at the higher dosages of 
cobalt polyglucopyranose appeared much later and 
were less severe than the symptoms following cobalt 
chloride injections. The rats that died following co- 


Table I, — Acute LDa of Cobalt Compounds in 
THE Rat 



LDso in mtr./Kff. 

Elemental 


Cobalt 

Compound 

Intraperitoneal 

Oral 

Cobalt chloride 

7 9 

144 


(7. 4 - 8 . 5)“ 

(127-162)“ 

Cobalt-niacinamide 


134 

(121-149)“ 

Cobalt polyglucopy- 

ranose 

20.0 

>32S 

Cobalt disodium 

(1 96-35 1)» 


ethylenediamine 

tetra-acetate 

>800 

>1000 


“ Method of Litchfield and Wilcoxon (0). 


bait chloride injection usuallj- did so within six hours; 
following cobalt polyglucopyranose, the majority of 
deaths occurred between twelve and twentj’-four 
hours. 

It was not possible to obtain an exact oral LDso 
with cobalt polyglucopyranose in the rat. Neither 
deaths nor serious toxic symptoms occurred at 
dosages representing less than 328 mg./Kg. of ele- 
mental cobalt. At this dosage, no immediate toxic 
symptoms were seen except for a black diarrhea ap- 
pearing on the day following administration. How- 
ever, two of the ten rats died on the third day. 
Autopsy of a rat which appeared quite ill aftei re- 
ceiving this dosage revealed no abnormality other 
than hyperemia of the gastrointestinal tract. It was 
impractical to give higher dosages because of the 
relatively low solubility of the compound. 

It was not possible to obtain either an oral or intra- 
peritoneal LDio in the rat with cobalt disodium eth- 
ylcnediamine tetra-acetate. Orally, dosages repre- 
senting as high as 1,000 mg./Kg. of elemental cobalt 
produced only mild toxic symptoms as did intraperi- 
toncal injections containing up to 800 mg./Kg. of 
elemental cobalt. All the rats seemed to be full}’ 
recovered after twentj'-four hours and none died. 
It was impractical to give higher dosages because of 
the large volume of even highly concentrated solu- 
tion which was involved. 

In comparison, the oral LD 50 of cobalt chloride rep- 
resents 144 mg./Kg. of elemental cobalt. The toxic 
symptoms appeared earl}' and death usually occurred 
within six hours. 

Rabbits injected intravenously with 25 mg./Kg. 
elemental cobalt as cobalt chloride invariably went 
into deep shock. The blood pressure fall was so se- 
vere that no bleeding took place at the site of injec- 
tion. 

Rabbits receiving twice this dose of elemental co- 
balt intravenously, given as cobalt disodium ethyl- 
enediamine tetra-acetate, showed no detectable toxic 
symptoms. Four times this dose (approximately 
100 mg./Kg. elemental cobalt), administered as rap- 
idly as possible, still produced no toxic symptoms ex- 
cept for a questionable increase in respiratory rate. 
There were no signs of sliock and the rabbits re- 
mained alert and active. 

Chronic Toxicity. - The results obtained from pro- 
longed oral administration of the three cobalt com- 
pounds in the rat are shown in Table II. Data for 
the number of rats in each group refer to the number 
of rats autopsied at the conclusion of the experiment 
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Table II —Average Body and Organ Weight of Rats Receiving Cobalt Compounds Oralla 


R'ltJO of Organ Wt to Bod> Wt 

Adrenal 
Spleen X 100 


Compound 

Adramtstered 

Cobalt PGP- 
Cobalt PGP 
Cobalt EDTA- 
Cobalt EDTA 
Cobalt chloride 
Saline 

Cobalt EDTA 
Cobalt EDTA 
Cobalt EDTA 
Cobalt chloride 
Saline 


Dose 

No 

mg /Kg , 

Dajs 

Co 

on Expt 

4 (8)'' 

240 

8 (8) 

240 

4(8) 

180 

8(8) 

180 

4(6) 

218 

(7) 

218 

10 (8) 

240 

20 (6) 

240 

40 (6) 

240 

10 (6) 

240 

(5) 

240 


Initiil Final 
Body Wt . Bod> Wt 


Gra 

Gra 

92 

356 

93 

385 

98 

366 

98 

398 

98 

396 

98 

404 

239 

501 

194 

424 

233 

436 

224 

382 

228 

464 


0 

15 

1 

0 

0 

13 

1 

1 

0 

22 

1 

2 

0 

18 

1 

0 

0 

20 

1 

0 

0 

14 

0 

96 



0 

98 



0 

95 



0 

92 



0 

98 



0 

98 


Kidney 

Lner 

0 65 

3 1 

0 54 

2 9 

0 66 

3 5 

0 66 

3 1 

0 67 

3 4 

0 62 

2 9 

0 66 

3 2 

0 71 

3 4 

0 73 

3 7 

0 75 

3 8 

0 68 

3 6 


^Cobalt polyglucopyranose i> Number of animals autopsied « Cobalt disodmm ethj lened.amme tetra acetate 


since an occasional animal died due to injury caused 
by use of the metal stomach tube 

Administration of cobalt polj glucopt ranose in a 
dosage representing 4 and 8 mg /Kg of elemental co 
bait to adult rats for two hundred fortj da\s had 
no effect on the vi eight gam At autopsv , no gross or 
microscopic pathologic findings nere present The 
ratio of the spleen, liver, and adrenal weights to the 
body weight were similar to the values obtained for 
the other groups Values obtained for the kidney - 
body weight ratios were somewhat lower but the 
range overlapped values obtained w ith rats receiving 
cobalt chloride 

Cobalt disodmm ethylenediamme tetra acetate m a 
dosage of 4 and 8 mg /Kg of elemental cobalt had no 
effect on the w eight gam of w eanhng rats The ratio 
of the organ to body weights were within normal 
range and no gross or microscopic pathologic findings 
were present at autopsy 

Ten, 20, and 40 mg /Kg of elemental cobalt given 
as cobalt disodmm etln lenediarame tetra acetate 
also had no effect on the weight gam of adult rats 
when administered for two hundred forty' day s At 
autopsy there were no gross or microscopic patho 
logic findings which could be attributed to the che- 
late The organ to body' weight ratios were also 
within normal range 

In contrast, continued oral administration of 40 
mg /Kg of cobalt as cobalt chlonde causes severe 
anorevia and other toxic sy mptoms 

It IS of interest to note that microscopic examina- 
tion of the kidney s of those rats receiving 10 mg /Kg 
of cobalt, as cobalt chlonde, show ed e\ idence of de 
generation of the cells lining the tubules This had 
previously been reported (7) 

It was concluded that neither cobalt disodmm 
ethylenediamme tetra-acetate nor cobalt polvgluco 
p\ ranosc showed ev idence of toxicity when adraims 
lered orally m the abov e dosages 
It Ins been shown that about 15 to 35% of the 
cobalt administered parenteralK as cobalt disodmm 
ethy lenednmmc tetra acetate is excreted as ionic 
cobalt (8) It follows, thcrclorc, that a portion of the 
dose gixen probably frees a small amount of di 
sodium ethylenediamme tetra acetic acid in the 
body Previous vyork (9) has showai that this sub- 
stance may chelate with and thus remove calcium 
from the body and that, in large intrav enous doses, 
calcium depnv ation and ev en tetany may result 
The usual human oral dosage level of about 400 
mg of cobalt disodmm ethv lencdnmme tetra-acetate 
per day would provide 340 mg of the disodmm 


chelating agent, assuming complete dissociation of 
the cobalt chelate This quantity' could remove a 
maximum of about 40 mg of calcium from the body 
per day 

Calcium excretion values for human subjects be 
fore and during daily oral administration of 440 mg 
of cobalt disodmm ethylenediamme tetra acetate 
are given in Fig 1 The twenty four hour urinary 
calcium varied greatly from subject to subject One 
subject, E T , with a past history of kidney stones, 
showed high values The other subjects had no his- 
tory' of kidney or unnary pathology 

It IS evident that there was no significant differ 
ence in the total calcium excretion during the expen- 
mental penod from that during the control period 
and that administration of cobalt disodmm ethylene 
diamine tetra acetate does not significantly promote 
the excretion of calcium m the doses used 
Absorption and Excretion. — Since the lack of s\ s- 
temic toxicitv of cobalt disodmm ethy lenediarame 
tetra acetate and cobalt poly glucopy ranose could be 
due to decreased absorption, it seemed desirable to 
determine whether the cobalt from these compounds 
was actually absorbed Gastrointestinal absorption 
was estimated by preparing the two compounds with 
labeled radiocobalt and determining the unnary ex 
cretion of the radiocobalt following oral administra- 
tion 

It IS recognized that this is not a quantitative 
measure of absorption since cobalt is also excreted 
in the bile The technique does, however, furnish 
evidence of absorption and provides useful data 
concerning the relativ e amounts absorbed 

Single oral doses of labeled radiocobalt chlonde, 
cobalt polyglucopy ranose, and cobalt disodmm 
ethylenediamme tetra-acetate were given to repre- 
sent 0 25 mg /Kg or 1 25 mg /Kg of elemental co 
bait in each instance Results are shown in Table 
III 

There appears to be little difference in excretion, 
and therefore probably in absorption, among the 
three compounds at the lower dosage level Some 
decreases in absorption, however, appear to be pres 
ent at the higher dosage With both cobalt di 
sodium ethy lenediarame tetra acetate and cobalt 
polyglucopyranose, radiocobalt was found in the 
unne within halt an hour, thus indicating rapid ab- 
sorption Over 95% of the cobalt excreted m the 
unne was recovered within twenty -four hours, indi- 
cating rapid absorption and excretion When the 
unnarv excretion v alues were plotted against time on 
senulog paper, a straight line was obtained This is 
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Table III — Urinary Excretion of Co®* as Per Cent of Oral Dose 


Hrs After 


0 25 mg /Kg Co % — 


,, 

1 25 mg /Kg Co, %— 


Dose 

CoEDTA 

“ CoPGP® 

CoCh 

CoEDTA 

CoPGP 

CoCli 

0 5 

0 9 

0 1 

I 1 

0 1 

0 3 

1 2 

2 5 

12 9 

11 3 

14 1 

4 4 

2 8 

13 2 

4 5 

16 0 

18 8 

16 6 

8 8 

8 6 

14 0 

6 5 

18 9 

22 6 

18 3 

9 7 

9 6 

16 8 

24 0 

26 9 

24 4 

24 8 

15 9 

12 3 

21 5 

48 0 

28 2 

25 9 


16 9 

12 8 


72 0 

28 3 

27 0 


17 3 

13 1 


96 0 

28 3 

37 1 

26 7 

17 5 

13 2 

25 0 


^ Cobalt disodium ethylenediaraine tetra acetate * Cobalt poIyglucoo> ranose 



Fig 1 — Urinary calcium e\cretion in human sub- 
jects before and during oral administration of cobalt 
disodium eth} lenediamine tetra acetate Each bar 
represents the average for four daj s 

taken as indicative of little or no retention of cobalt 
m the bodj 

Erythropoietin Production. — Since cobalt is ab 
sorbed when given in the form of these compounds, 
Its phjsiologic availability from a nonionizing che- 
late such as cobalt disodium ethylenediamme tetra- 
acetate was of interest As a measure of a\ ailabil- 
ity of the cobalt component, the effect on the produc- 
tion of erythropoietin, the erythropoietic hormone, 
n as determined 

Results are gi\ en in Table IV They indicate 
that erythropoietin production nas increased to ap 
proMmatelj the same degree folloning cobalt di 
sodium ethj lenediamine tetra acetate, cobalt poly 
glucopyranose, and cobalt chloride administration 

Hemopoietic Effect. — To determine iv hethcr these 
erythropoietin increases would be reflected m m 
creased peripheral blood \ alues, the ability of these 


Table IV — Fe” Erlthrocyte Incorporation 

FROM ER\THROPOIET1N-Riai SeRITM PRODUCED B\ 
Cobalt Administration 


Group 

No 

Rats 

A\ 

In corpora 
tion % 

Controls 

18 

8 3 

From cobalt chlonde treat- 

meat 

18 

19 7 

From cobalt pohglucopj- 
ranose treatment 

13 

15 0 

From cobalt disodium eth\ 1- 
enediamine tetra acetate 

treatment 

10 

1/ 8 


compounds to produce the characteristic polycy- 
themia in rats was studied This method has pre- 
viously been used m evaluating the hemopoietic ef- 
fect of other cobalt compounds (4) 

Oral administration of 10 mg /Kg of elemental 
cobalt as cobalt poly’glucopy'ranose, as cobalt-niacin- 
amide, or as cobalt chloride produced equivalent in- 
creases in all three blood indexes as indicated in 
Table V The hemopoietic effect of the two new' co 
bait compounds is, therefore, equivalent to that of 
cobalt chloride 

Cobalt disodium ethylenediaraine tetra-acetate 
was administered orally m dosages of 10, 20, and 40 
iwg /Kg of elemental cobalt (Table V) The 10 and 
20 mg /Kg dosages did not have any' significant ef- 
fect on the blood indexes The 40 mg /Kg dose, 
however, was equally as effective as cobalt chlonde 
at the 10 rag /Kg elemental cobalt dose level This 
study was continued for five additional months yvith 
no further significant increases in the blood indexes 

Both cobalt-niacmamide and cobalt polyglucopy- 
ranose ivere equivalent to cobalt chloride in increas- 
ing the blood indexes Cobalt disodium ethylenedia- 
mine tetra-acetate is fully' as effective in higher dos 
ages and in view of its lesser toxicity, it has the great- 
est therapeutic index of any of the cobalt compounds 
studied 


DISCUSSION 

Previous studies (3) and data presented in this re 
port show that about 25% of the cobalt present m 
cobalt chlonde is absorbed when given orally' to rats 
at a dosage of 0 25 mg /Kg elemental cobalt This 
dose closely approximates, on a weight basis, the usual 
human dose Using labeled (Co®*) cobalt polygluco- 
p\ ranose or labeled (Co®*) cobalt disodium ethylcne- 
diamme tetra acetate, at the same cobalt dosage 
level, similar gastrointestinal absorption percent- 
ages were evident, as estimated from urinary excre- 
tion data 

Chemical tests, in itlro, indicate that cobalt poly'- 
glucopy ranose supplies cobaltous ion in the acid 
gastric juice but that the complex ion reforms in the 
alkaline intestinal fluids The decreased toxicity of 
this compound argues that absorption is, at least m 
part, as the complex ion or total molecule rather than 
as ionic cobalt 

On the other hand, lu itlro chemical tests indicate 
that the tightly bound chelate, cobalt disodium tth- 
\ Icncdiarame tetra acetate, does not dissociate to hb 
crate free cobalt ions either in acid gastric juice or iii 
alkaline intestinal fluids It seems probable, there- 
fore, that absorption is that of the undissociated 
molecule 
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Table V. — Hejiatologic Response in Adult Male Rats Receiving Cobalt Compounds Orally 



Dose 
mg /Kg 

No Das's 

Erythrocytes 
milhon/cu mm 

Hemoglobin 

Gm /lOO ml 

Heroatoent, 

Compound 

Co 

on Expt 

Zmtial 

Final 

Initial 

Final 

Initial 

Final 

Cobalt-niacinamide 

10 

60 (10)“ 

8 7 

10 4 

14 8 

20 6 

41 8 

54 9 

Cobalt chloride 

10 

60(9) 

S 2 

9 9 

15 1 

21 2 

40 4 

53 6 

Saline 


60(4) 

7 1 

6 9 

13 8 

15 7 

38 5 

41 5 

Cobalt PGP‘ 

10 

55 (8) 

7 8 

9 9 

14 9 

IS 5 

41 2 

52 1 

Cobalt chloride 

10 

55 (4) 

7 8 

10 3 

14 7 

IS 9 

41 3 

53 3 

Saline 


44 (4) 

8 0 

8 2 

15 6 

15 9 

41 6 

41 3 

Cobalt EDTA' 

10 

55 (8) 

7 4 

8 3 

14 6 

17 9 

39 9 

46 S 

Cobalt EDTA 

21 

55 (6) 

7 2 

8 8 

Id 7 

19 1 

40 8 

48 5 

Cobalt EDTA 

40 

55(6) 

7 1 

9 1 

14 8 

19 5 

39 9 

51 0 

Cobalt chloride 

10 

55 (6) 

7 2 

9 5 

15 2 

20 6 

40 1 

53 4 

Saline 


55 (5) 

7 5 

8 3 

15 2 

17 3 

39 9 

43 7 


Number of animals givenm parenthesis ^ Cobalt polj'-glucopyranose ^ Cobalt disodium ethj'Ienediamine tetra acetate 


The similarity of absorption values witli free co- 
balt ion from cobalt chloride, with cobalt complex 
ion from cobalt polj'glucopyranose and with molecular 
cobalt disodium ethylencdiamine tetra-acctate sug- 
gests that the absorption mechanism is dependent 
upon the cobalt atom rather than on the chemical 
nature of the remainder of the molecule. 

It has been reported that ethylenediamine tetra- 
acetic acid and its alkali salts are poorly absorbed 
when given orally. Furthermore, the powerful 
chelating effect of this acidic structure could be e.v- 
pccted to bind heavy metal such as cobalt, load, iron, 
etc., and carry them unchanged through the gastro- 
intestinal tract. In fact, an e.xcess cf this chelating 
agent appears to act in this fashion For example. 
Child (10) reported a decrease in the hemopoietic ac- 
tion of cobalt chloride when administered orally with 
large dosages of disodium ethylene diamine tetra- 
acctate in the proportion of 1 to 2 and 1 to 50, and 
similar findings were obtained by Post (11) after con- 
comitant intrapcritoneal and subcutaneous injec- 
tions of cobalt sulfate and calcium ethylencdiamine 
tetra-acetate, respectively. 

On the other hand, it has been shown (12) that the 
ethylencdiamine tetra-acetate chelate compounds of 
lead, barium, and other similar heavy metals are ab- 
sorbed from the gastrointestinal tract and our data 
indicate no inhibition of absorption of the cobalt 
compound itself. 

\'ariation in the toxicity of cobalt compounds ap- 
pears to be related, at least in part, to the degree of 
dissociation of the compound to furnish cobalt ion 
Thus, freely ionizing cobalt chloride shows an 
representing 144 mg /Kg. elemental cobalt; the 
complex ion from cobalt polyglucopyranosc shows a 
value of more than 328 mg /Kg , the difficultly dis- 
sociated cobalt disodium ethylencdiamine tctra-acc- 
tate gives a value greater than 1,000 ing /Kg ele- 
mental cobalt 

The dissociation of these three compounds can be 
readily shown to occur in this same onicr by the ad- 
dition of ammonium sulfide to their solutions Pre- 
cipitation occurs immediately in a solution of the 
freely ionized cobalt chloride; it issi metrhat delayed 
in solutiens of the poly ghicopyranose compound and 
does not occur for tuclvc hours or longer in solutions 
of cobalt disodium ctln lcnediamine tetra-acctate 
As might be cxiiccted, the effect of parenteral in- 
jection of these compounds appears to follow the 
s,inic ortler. Cobalt chloride injections must be car- 
ried out very slow ly to avoid the systemic “heavy 
metal effect ” Cobalt polyglucopyranosc injections 


may be carried out more rapidly and in greater dos- 
ages without toxic effects. Cobalt disodiuin ethyl- 
enediamine tetra-acetate does not produce “heavy 
metal effects” upon intravenous injection in rabbits 
even when relatively large dosages are injected. 

After absorption, cobalt compounds must cither 
be effective per se or must liberate cobalt ion It has 
been shown that approximately 15 to 35^ of a 
given dose of cobalt disodium ethylencdiamine tet- 
ra-acetate appears in the urine as ionic cobalt (8) 
Since the dissociation constant of this substance 
shows the cobalt to be very tightly bound, it would 
be expected that other compounds with greater dis- 
sociation constants would be more rapidly and com- 
pletely broken down The erythropoietin assay data 
reported above indicate that significantly greater po- 
tency cannot be obtained from a less tightly bound 
chelate or from a freely ionizing salt since cobalt 
disodium ethylenediamine tetra-acetate appears to 
be fully as potent as the less tightly bound com- 
pounds The much lower to.xicit.v of cobalt disodiuro 
ethylenediamine tetra-acetate therefore represents a 
significant improvement in the therapeutic inde.x 

Clinical studies now in progress’ tend to verify this 
conclusion and also indicate a marked diminution in 
gastrointestinal intolerance The latter might be ex- 
pected due to the absence of free cobalt ion in the 
gastric content. 

Since cobalt ion is found in the urine after adminis- 
tration of cobalt disodium ethylenediarainc tetra- 
acctate, it is probable that small quantities of ethyl- 
enediamine tetra-acetic acid or its disodium salt arc 
formed Thus, the possibility of toxicity from the 
latter substances must be considered Ethylencdia- 
mine tetra-acetic acid and its salts do not appear to 
be very toxic although a few isolated cases of kidney 
damage have been reported after intravenous injec- 
tion of large dosages (9) Dosages reported to cause 
this toxic effect are of the order of 90 mg /Kg body 
weight The administration of cobalt disodium 
ethylenediamine tetra-acctate in humans would ap- 
proximate onl\ 0 rag /Kg a day of the chel.ite at a 
dosage of 0 5 Gm This dosage, even assuming com- 
plete dibsoci.ition, could provide quantities of the 
ethylenediamine tetra-acetic acid compound far be- 
low the dosage at which toxic s.vmptoms have been 
reported. In fact, the ethylenediamine tetra-acetic 
acid silts arc generally regarded as relatively non- 
toxic (13) 


* Tor cljnjcnl purposes, cobalt polyglucopyranosc is iden- 
tified as CojHuctjn PGP, cobalt djsotlinm ctbylenediamme 
tetra-acftatc is identifieil as Copoiettn A 
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Since a portion of the cobalt administered as co- 
balt disodium ethtdenediamine tetra-acetate can be 
recovered in the urine in ionic form, it was considered 
desirable to determine whether the free ethylene- 
diamine tetra-acetate formed would chelate with 
serum calcium and result in calcium deprivation 
That this dissociated ethylenediamine tetra-acetate 
in the blood has no signifieant effect on calcium ex- 
cretion is evident from the data obtained. The un- 
likelihood of such an occurrence is evident, of course, 
u'hen it is noted that ordinary' dietarj’ variation could 
easily cause decrease in calcium intake greater than 
the theoretical maximum calcium removal, even as- 
suming complete dissociaticn of the cobalt chelate at 
the dosage used Our animal studies, especially 
those on young growing rats, indicate no deleterious 
effect on either the kidney or other organs In fact, 
the effect on the kidney appears to be even less sig- 
nificant than that seen following long continued ad- 
ministration of equally high dosages of elemental co- 
balt administered as cobalt chloride. 

The three tj’pes of cobalt compounds tested appear 
to be similar in their ability to enhance the formation 
of erythropoietin in the rat and this increase in the 
erythropoietic hormone is reflected in a subsequent 
increase in peripheral blood values Although larger 
doses of the chelate were required to produce equiva- 


lent hematologic increase, the decreased to.xicity of 
this compound gives a much improved therapeutic 
index even at the necessary increased dosage level. 
These facts suggest that temporar3' high levels of co- 
balt ion are the cause of cobalt toxicitj' and that the 
lower, more prolonged levels given bj^ the slowlj' dis- 
sociating chelate at these large experimental doses, 
although effective, are much less toxic. 
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Dinitrile Formation in the Attempted Acylation of 
Malonamide and Its Alkyl Derivatives* 

By KENNETH J. LISKA and ARVIND P. SHROFF 


Attempted acylation of malonamide and 
mono-alkylmalonamides with acetyl chlo- 
ride and pyridine indicates that no acylation 
takes place at room temperature. At elevated 
temperatures, the predominant reaction is de- 
hydration to the corresponding dinitrile. 
Only one compound, «-hutylmalonamide, 
gave a significant yield of acylated product, 
identified as N-acetyl-a-cyanocaproamide. 

TVyrALONAMiDE and its mono-alkyl derivatives 
offer two potential sites for the introduction 
of an acyl group. Treatment of these compounds 
with the usual reagents might theoretically lead 
to carbon-acylated products, or nitrogen-acylated 
products, or both. Liska (1), for e.xample, 
acylated (2-hydrox}'-l-naphthylmethyl)-malon- 
amide with acetyl cliloride and pyridine and 
showed that the product was a diacylated deriva- 
tive, the second acetyl group having entered at 
either the methine carbon atom or the amide 
nitrogen atom. 

It appears that no attempts have been made to 
acvlate malonamide or mono-alkylmalonamides 
with acetyl chloride or other organic acyl halides. 

* Received July 28. 19.18. from the School of Pharmacy. 
Duquesne University, Pittsburgh 19, Pa , # l 

Abstracted from a thesis submitted to the Faculty of the 
Graduate School of Duquesne University by A P Shroff in 
partial fulfillment of the requirements for the degree of Master 
of ^erce 


Boon and co-workers (2) have acylated C-ethyl- 
C-phenyl malonamide with acetyl chloride, in 
a sealed tube, to give an N,N'-diacylated product. 
Thompson (3) showed that a-chloroacetamide 
and a,a-dichloroacetamide failed to give any 
acylated product with different acid chlorides; 
dehydration was the only obserx'ed reaction, 
indicating that amides which possess electron 
withdrawing groups on an alpha carbon and which 
are relatively acidic (compared to acetamide) 
are less amenable to acylation of any kind and 
probably more easily dehydrated. 

It was the purpose of this investigation to 
study the behavior of malonamide and certain 
of its alkyl derivatives when treated with acetyl 
chloride and pyridine, and to determine, if pos- 
sible, the preferred site of acylation. Successful 
completion of this problem might lead to the 
solution of specific problems involving similar 
acylations. 

EXPERIMENTAL 

The foHou ing e.xperimeut typifies those aej’/atfons 
attempted at a temperature intermediate between 
room and reflux temperature. 

Formation of Ethylmalondinitrile and Ammonium 
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Chloride in the Attempted Acylation of Ethylmalon- 
amide— Five grams (0.038 mole) of ethylmalon- 
amide, 25 ml. of pyridine, and 2.9 ml. (0.038 mole) 
of acetyl chloride were heated in a 100-ml. round- 
bottom flask for one hour at 78-80°. E.vcess of pyri- 
dine was removed and the solid residue was taken 
up with ethyl alcohol. Filtration followed by re- 
crystallization from 95% acetic acid removed 1.0 
Gm. of ammonium chloride. The filtrate, on further 
distillation, gave ethylmalondinitrile, b. p. 208- 
209/760 mm. (Lit. 208°/756 mm. (4)). The yield 
was 2.3 ml, (61%). 

rinaf.'— Calcd. for CsHeN;: N, 29.77; Found; 
N, 29.63. 

Acylation of «-Butylmalonamide at Reflux Tem- 
perature.— Five grams (0.031 mole) of n-butylmal- 
onamide contained in a 100-ml. round-bottom flask 
was dissolved with the aid of heat in 35 ml. of pyri- 
dine; 7.2 ml. (0.093 mole) of acets’l chloride was ad- 
ded dropwise to the solution. The solution was 
heated at reflux temperature for one hour. Precipi- 
tation of the acylated derivative was accomplished 
by concentrating the reaction solution to a volume 
of 8 ml., chilling, and adding water. Filtration 
gave a crude product which was recrystallized from 
water to yield 0.5 Gm. (9%) of white cr 3 'stals of N- 
acetyl-a-cj'anocaproamide, m. p. 116-117°. The 
infrared spectrum of the compound in Nujol showed 
a carbon j'l band at 1653 cm.“" and a weak nitrile 
band at 2203 cm.“‘. There was no absorption in 
the ultraviolet. 

^Kai.^Calcd. for CsHuNjOj: C, 59.3, H, 7.7, 
N, 15.38; Found: C, 59.2, H, 8.7, N, 15.33. 

The filtrate on further distillation jdelded a yellow 
liquid, n-butjdmalondinitrile, b. p. 222-223/760 mm. 
The yield was 2.6 ml. (62%). 

Altaic— CaXcA. for C,H,oNj; C, 68.85, H, 8.19, N. 
22.95; Found: C, 68.93, H, 8.38, N, 22.85. 

Degradation of K-Acetyl-a-cyanocaproamide to 
Caproamide. — Fiv'e hundred milligrams of N-acetjd- 
cr-cj'anocaproamide was heated in a 15-ml. round- 
bottom flask for one hour with 5 ml. of 10% sodium 
hj'droxide solution. The ammonia evolved in the 
process was detected both by its odor and bj' litmus 
paper. Acidification of the solution with hydro- 
chloric acid and chilling gave n-butylmalonic acid, 
in. p. 101-102° (Lit. 101.5-102° (5)). Decarboxyla- 
tion of the «-butylraalonic acid was accomplished bj’ 
refluxing in 5% hydrochloric acid solution for six 
hours. .A yellowish liquid, presumably caproic 
acid, was extracted with ether. Four milliliters of 
thionyl chloride was added to the j'ellow liquid resi- 
due remaining after the removal of the ether and the 
mixture was refluxed for forty-five minutes. This 
solution was then added to 40 ml. of aqueous am- 

' Carbon and hydrogen analysis pertormed by Weiler and 
.Strauss Microanalytical Laboratory, Oxford, England 

= Carbon and hydrogen analysis performed by Schwarzkopf 
Mjcroanalytical Laboratorj’. Woodside 77, N. Y. 


raonia. Crj'stals of caproamide separated immedi- 
ate!}'. Filtration and recrystallization from water 
yielded pure caproamide, m. p. 101-102°. The 
mixed m. p. of n-butvlmalonic acid and caproamide 
was 99-100°. 


DISCUSSION 


The initial acylation reaction for malonamide, 
ethylmalonamide, propylmalonamide, and butyl- 
malonamide was attempted using acetyl chloride 
and pyridine at room temperature. Unchanged 
starting material was recovered in quantitative yield 
from each reaction. Varying the molar ratio of the 
amides to acylating agent did not change the results 
in any case. 

At a temperature between room temperature and 
reflux temperature, each amide mentioned above 
underwent hydrolysis and dehydration when treated 
with acetyl chloride and pyridine. The hydrol}'sis 
product was ammonium chloride, the yields of which 
ranged from 19 to 30%; the dehydration product 
was the corresponding dinitrile ranging in yield 
from 55 to 67%. Only n-propylmalondinitrile was 
subjected to proof of structure since all of the dini- 
triles, with the exception of «-butylmalondinitrile, 
are reported in the literature. In each acylation at- 
tempted at a temperature between room and reflux 
temperature, a very small yield of 2,4-dinitrophenyl- 
hydrazone derivative was obtained from the crude 
ammonium chloride. This result was interpreted 
as an indication of a ketonic compound, and hence 
of very limited carbon acylation. 

At reflux temperatures, malonamide, ethylmalon- 
amidc, and propylmalonamide failed to give any 
acylated product, and since no starting material was 
recovered, it was presumed that each amide was 
converted to its corresponding dinitrile. I’arying 
the molar ratio of the amide to the acylating agent 
did not change the results. However, at reflux 
temperature, in the presence of acetyl chloride and 
pyridine, n-butylmalonamide underwent N-acyla- 
tion to give N-acetyl-a-cyanocaproamide (I); the 
structure of (I) was proved by means of elemental and 
infrared analysis and degradation to caproamide. 


C^Hs CN 

\/ 

C 

/\ 

H CO— NH— COCHx 
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The Synthesis and Pharmacology of Alkyl Esters of 
N-Substituted Aminoacylaminobenzoic Acids 11* 

By ELIAS EPSTEIN and DANIEL KAMINSKY 

Alkyl esters of N-substituted aminoacetyl-, aminopropionyl-, 7 -aminobutyryl-, and 
S-aminovalerylaminobenzoic acids were prepared. They, as well as previously de- 
scribed compounds in this series, were tested as salts for anesthetic potency, toxic- 
ity, and for irritation on experimental animals. Several of these compounds had a 
sufficiently high relative anesthetic efficiency (ratio of relative potency to relative 
toxicity) when compared to procaine hydrochloride to warrant further investigation. 


Tn our previous paper (1) we described several 
-*■ alkyl esters of o- and ^-N-substituted amino- 
acetyl- and aminopropionylaminobenzoic acids 
which showed sufficient promise as local anes- 
thetics to warrant clinical trials. Gupta, et al. 
(2) , have also prepared several members of this 
group of compounds. In our continued search 
for more effective local anesthetics, additional 
compounds of this type were prepared. The 
series has been extended to include the wt-N- 
substituted aminoacetyl- and the /)-N-substituted 
•y-aminobutyr}’!- and 5-aminovaler}daminoben- 
zoic acid esters. These compounds, as well as 
those pretdousl}’’ described (1), were tested for 
potency', toxicity, and irritation on laboratory 
animals. 

Table I lists the boiling or melting points and 
refractive inde.xes of the nitroesters together 
with the boiling or melting points, refractive 
indexes, densities, molecular refractions, and 
analyses of the corresponding amino esters. 
Table II lists the chloracj'laminobenzoates with 
their melting points and analyses, while Table 
III lists the melting points, analyses, and molec- 
ular weight determinations of the hydrochlorides 
of the alkyl esters of the N-substituted amino- 
acylaminobenzoic acids. 


EXPERIMENTAL 


The method of preparation consisted of treating a 
chloroacyl chloride n-ith an ester of aminobenzoic 
acid and subsequent condensation of the resulting 
chloranilide with a primary or secondary amine to 
yield the anesthetic compound, as described in our 
previous paper (1). The aminobenzoic acid esters 
not commercially available were prepared by treat- 
ing the p- and ni-nitrobenzoylchloride with the ap- 
propriate alcohol to form the nitrocster, which was 
then reduced catalytically or with iron filings. In 
the instance of the tertiary amyl ester, the presence 
of a proton acceptor such as dimcthylaniline was 
necessary to drive the reaction to completion, as sug- 


» Received July 19, lO.iS, from the Research Laboratories of 
Xovocol Chemical .Mfg. Co.. Inc., Brooklyn .N'. V. 

The authors are indebted to Richard Sriubas for assistance 
in the analyses and to Ann Hartman for assistance in the 
pharmacological testing of these compounds. 


gested by Abramovitch, et al. (3), in their prepara- 
tion of tertiary butyl acetate. 

The chloroacetyl, or-chloropropionyl and /3-chloro- 
propionyl chlorides were obtained from commercial 
sources. The y-chlorobutyryl and S-chlorovaleryl 
chlorides were prepared from their respective lac- 
tones. Poor yields were obtained by treating these 
lactones with excess thionyl chloride at elevated 
temperatures. Considerably better results were 
obtained using a zinc chloride catalyst, as suggested 
by a German patent (4). 

Low yields were obtained for the chlorobutyryl 
and chlorovaleryl anilines by the method used and 
previously described (1) for the preparation of the 
chloroacetyl- and chloropropionylanilines. The use 
of a proton acceptor, such as dimethylaniline with a 
modified procedure, gave excellent yields. 

f-Amyl /)-Nitrobenzoate. — A solution of 205 Gm. 
(1.1 mole) of />-nitrobenzoyl chloride in 700 ml. of 
dry benzene was added, dropwise, over a period of 
one hour, to a stirred solution of 88 Gm. (1.0 mole) 
of f-amyl alcohol in 121 Gm. (1.0 mole) of freshly dis- 
tilled dimethylaniline. The mixture was stirred for 
an additional hour and then refluxed for two hours. 
After cooling, the mixture was successively washed 
with three 100-ml. portions of 5% hydrochloric acid, 
two 100-ral. portions of 10% sodium hydroxide, and 
two 100-ral. portions of water. The benzene was 
removed by- distillation and the residue distilled; 
b. p. 90-92° (25g) yield 187 Gm. (79%). Recrj'stal- 
lization from isopropj'l alcohol yielded light yellow 
cry'Stals, m. p. 54-56°. 

-y-Chlorobutyryl Chloride. — A solution of 129 Gm. 
(1.5 mole) 7 -butj'rolactone and 5 Gm. anhydrous 
zinc chloride in 197 Gm. (1.65 mole) thionj'l chloride 
was maintained at 50-60° for two hours. After 
twelve hours at room temperature the solution was 
distilled; b. p. 73-74° (15 mm.), lit. (4) 76-77° 
(18 mm.); yield 117 Gm. (55%) as a colorless oil. 

Butyl Ester of /)-( 7 -Chlorobutyrylamino)-benzoic 
Acid. — To a stirred solution of 55 Gm. (0.3 mole) of 
butyl p-aminobenzoate in 500 ml. ether was added 
50 Gra. (0.35 mole) of y-chlorobutyryl chloride. 
After stirring the resulting thick slurry for one hour, 
48 Gm. (0.4 mole) of N,N-dimethylaniline in 200 ml. 
ether was added, dropwise, keeping the temperature 
below 38° with continued stirring over a period of 
one-half hour. The mixture was stirred for an addi- 
tional hour and then extracted with four 250-ml. 
portions of 10% hydrochloric acid and once with 
water. Evaporation of the ether layer yielded 79 
Gm. of a light yellow product. Recrystallization 
from benzene yielded 70 Gm. (79%), m. p. 91-92°, as 
white crystals. 
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Table I. — Alkvl Nitro- and Aminobenzoates' 
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PHARMACOLOGY 

A pharmacological screening of tliese compounds 
for use as local anesthetics tvas conducted and the 
results of the more promising compounds noted in 
Table IV. The hydrochloride salt of about one- 
third of these compounds was too insoluble and the 
gluconate salt was substituted. Since the anesthetic 
potency and to.vicity are primarily functions of the 
concentration of the anesthetic base, the gluconate 
salt vms evaluated on the basis of the equivalent 
amount of the hydrochloride. 

Evidences of irritation were checked after topical 
application to the eye and on intradermal injection 
of the rabbit. The toxicity was determined on 
white mice, using both the intraperitoneal and sub- 
cutaneous mode of injection. Potency was deter- 
mined by: blocking the sciatic nerve of the intact 
guinea pig for conduction anesthesia, application to 
the rabbit eye for topical anesthesia, and with the 
wheal test on the guinea pig for infiltration anes- 
thesia. A detailed description of these tests has 
been previously published (9). 

To compare the value of these compounds as local 
anesthetics with each other and with procaine hydro- 
chloride, we used the quotient of the relative potency 
as determined by the guinea pig wheal test to the 
relative toxicity as determined by the intraperi- 
tonea! injection on white mice. The guinea pig 
wheal test for anesthetic potency gives a close cor- 
relation to clinical findings whh commercially used 
anesthetics (10). The intraperitoneal toxicity on 
white mice approximates a mean value between the 
intravenous toxicity, where absorption of the drug is 
rapid, and the subcutaneous toxicity, where absorp- 
tion is delayed. 

Since we were screening a rather large number of 
compounds for their potential value as local anes- 
thetics, a minimum number of animals was used, 
and the values listed in Table should be consid- 
ered as only semiquantitative. For the determina- 
tion of potency in the rabbit eye, an average of four 
eyes was used for each compound. An average of 
eight wheals and six legs was used for the wheal and 
sciatic nerve tests, respectively, on the guinea pig. 
The subcutaneous and intraperitoneal toxicities were 
conducted at three critical dose levels, using three 
animals at each level. The critical dose is one near 
or at the LDm. In describing irritation, 0 stands 
for little or no irritation, -f- for moderate irritation. 
-F-h severe irritation. The detailed description of 
these levels of irritation is noted in the literature 
(9, 11). 


DISCUSSION AND SUMMARY 

Sixtj’ alkyl esters of N-substituted amino- 
acylaminobenzoic acids were prepared. They, 
together with si.xty-nine similar compounds 
previously reported, were tested pharmacologi- 
cally for potential value as local anestlietics. 

Although a few general rules have been 
postulated correlating physiological activity of 
benzoic acid esters with their molecular struc- 
ture (12), little light has been shed on this re- 
lationship with anilides. In either case, it has 
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Table II — Chloroacylaminobenzoates” 


R 

Position 

n 

M p . ° C 

Formula 

Chlorine, % 

Calcd Found 


m 

1 

COOR 

1 

-j-NHCO(CH 2 )„Cl 

81-82 CnHioOjNCl 

14 67 

14 49 

C 2 H 5 

p 

3 

98-99 

CnHicOjNCl 

13 15 

13.05 

i-CzHj 

m 

1 

98-100 

CioHnOjNCl 

13 87 

13 77 

C 4 H 9 

m 

1 

68-70 

CnH.cOjNCl 

13 15 

12 99 

C.Hs 

p 

3 

91-92 

C.sHjoOjNCl 

11 91 

11.78 

C 4 H 9 

p 

4 

63-64 

CieHaOsNCl 

11 37 

11 38 

i-CiHs 

m 

1 

96-97 

C.^H.cOjNCl 

13 15 

13 18 

i-CjHi, 

p 

3 

135-136 

CisHooOaNCl 

11 91 

11 79 

CsHii 

in 

1 

65-67'' 

ChH.bOzNCI 

12 50 

12 41 

CsHi. 

p 

2 

87-88 

C.sHsoOaNCl 

11 91 

11 96 

S-C 5 H 11 

m 

1 

e 

CwH.sOjNCI 

12 50 

12 57 

t-CsHii 

p 

1 

114-116 

CnHisOjNCl 

12 50 

12 38 

CeHij 

p 

1 

81-83 

C.sHjoOsNCl 

11 91 

11 79 

C-Hs 

0 


COOR 

A f- 

-i-NHCOCHCl 

V 

44-45'' CisHiiOsNCl 

13.87 

13 89 

C 4 H 9 

p 


"5-71 

CuH.sOaNCl 

12 50 

12 38 


“ The chloroacylaminobenzoates used as intermediates and not recorded here were previously prepared by us (1) ^ B. p 

IGO-lOSVOOp 'B p I05-107°/25p, n20 1 5129 << B p 1 15-1 If, VOOp. 


been difficult to predict the usefulness of a com- 
pound as a local anesthetic from its structure. 
On screening these alkyl aminoacj’larainobenzo- 
ates, we found that this uncertainty persisted. 

The relative local anesthetic efficiency, the 
quotient of the relative potency to the relative 
toxicit}', can be affected by many unrelated 
phenomena. Rates of absorption and detoxifica- 
tion, solubility at the pH of the bod)', vasomotory 
effect on the capillaries, and other obscure ef- 
fects play an important role. We noted that 
some of our compounds precipitated at body pH 
and in man)’ cases this appeared to be a direct 
cause of irritation, lower toxicity, and longer 
duration of the anesthetic effect. Since precipita- 
tion occurred more readily at higher concentra- 
tions, the guinea pig wheal test had an advantage 
over the sciatic ner\’e test, as the concentrations 
used were only one-fifth as great. 

For the purpose of correlating molecular 
structure to physiological activity, we used the 
relative intraperitoneal toxicity in white mice, 
the relative potency as determined by the 
guinea pig wheal test, and the irritation as ob- 
ser\-ed on both the rabbit eye and skin. The 
following generalizations can be made; 

1. Effect of var)-ing the ester group (R). 
(a) Potencv and irritation increased with increas- 
ing molecular weight, with the straight chains 


being more potent and irritating than the 
branched chains. The methyl ester compounds 
were exceptions, being more potent than the 
ethyl esters, (b) Molecular size or branching of 
the ester group had little effect on toxicity, 
(c) Efficiency increased with increasing molecular 
weight and reached a maximum at five carbon 
atoms. 

2. Effect of varying the relative position of 
the ester with the anilide group {ortho, mela, 
para). Although the meta derivatives of the 
aminobenzoic acid esters have been reported (13) 
to be much less toxic and more efficient than the 
corresponding para derivatives, this group of 
compounds had a reverse relationship, (fl) 
With respect to potency and irritation, the meta> 
orlho>para. (b) With respect to toxicity and 
anesthetic efficiency, the ortho>mela>para. 

3. Effect of var)’ing the acyl chain, (a) 
Branched chain acyl compounds were slightly 
less toxic and irritating, equal in potency and 
greater in efficiency than the straight chain acyl 
compounds of the same number of carbon atoms 
in the chain, (b) Increasing the length of the 
acyl chain («) increased the irritation and de- 
creased the anesthetic efficiency. 

We were not able to obtain a clearcut relation- 
ship of 71 with respect to potency and toxicity. 

4. Effect of vaiA’ing the terminal alkylamino 
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Table III— Ai.k\l Esters of A’'-S0bstitoted AraNOACixAstiNOBENzoic Acid Hydrochlorides 


— ~-Cblorme, % » — \fol wt 

ti Position M p » ® C Formula Calcd Found Calcd Found 


CjHs 

NHC-Hs 

C^Hs 

NHCjHs 

CiHs 

NHCjHt 

C 2 H 5 

NHCjHt 

CjHs 

NHC9H,(iso) 

CjHs 

NHCsHjCiso) 

C,Ha 

NHCiHsCiso) 

C-Hs 

NHC,H 9 (iso) 

CaHs 

NCCjHs). 

C 1 H 5 

N(C»H5)2 

CjHs 

Morpholino 

i-CsHt 

NHCjHa 

1 -C 3 H, 

NHC,H9 

i-CiHr 

NHC,H9(iso) 

1 -C 3 H 7 

NHCiHsCtert) 

1 -C 3 H- 

N(C:H6). 

i-CjH, 

Morphohno 

C,H9 

NHCiHsCiso) 

C,H9 

NHC4H9(iso) 

C,H9 

NHCjHgCiso) 

C^Hs 

NCCjHs), 

C«H9 

N(C5H9)9 

C<H9 

N(CjH6)2 

C.H9 

Morphohno 

1-C4H9 

NHCjHs 

i-C,H9 

NHCjHs 

I-C,H9 

NHCjH, 


NHC,H9(iso) 

I-C.H, 

NHC<H9(iso) 

j-C,H9 

NCCjHs): 

i-C(H9 

Pipendmo 

CsHit 

NHCH, 

CMn 

NHCiHs 

CjHn 

NHCjHs 

C 5 H 11 

NHCjH, 

CsHh 

NHC 3 H 7 

CsHu 

i\HC,H9 

CbHii 

NHC4K9(iS0) 

C 5 H 11 

NHC^HsCiso) 

CsH.i 

NHC,H 9 (tert) 

CsHi, 

NHCsHi, 

CsH,, 

N(CjHs)2 

C>,Hu 

NCCjHs)^ 

CsHu 

Morphohno 

s-CsH,, 

NHCjH, 

s-CsHii 

NHC,H9(!Eo) 

S'CiHii 

Morphohno 

t-CjHu 

XHCjH, 

t-CsHii 

N(C.H9)7 

t-cai.) 

Morphohno 

CcH„ 

NHCjH, 

CeHi! 

NHCjIRCiso) 

Cell,, 

NHC,H,(iso) 

CcHn 

N(C:H5h 


ROOCj^ 

|^^NHC(CH.)„R' HCl 


1 

0 

205-207 

C,jH,90jN3CI 

12 36 

12 22 

287 

281 

2 

0 

167-168 

CmHjiOjNjCI 

11 79 

U 70 

301 

297 

1 

0 

174-176 

CnHwOsNsCl 

11 79 

11 82 

SOI 

301 

2 

0 

169-171 

CnHjjOjNjCl 

11 26 

11 15 

315 

321 

1 

0 

172-175 

CnH-iOjNjCl 

11 79 

11 75 

301 

299 

2 

0 

185-186 

CnH»OjN.Cl 

11 26 

11 31 

315 

322 

1 

m 

211-213 

C.sHtjOjN-.CI 

11 26 

11 20 

316 

314 

3 

P 

174-176 

CnHirOjNjCl 

10 34 

10 4S 

343 


1 

in 

122-124 

C,sH..90,N.C1 

11 26 

11 22 

315 

313 

3 

P 

153-154 

CnH^iOiNeCl 

10 34 

10 16 

343 


1 

m 

199-201 

CisHj.OjNiCI 

10 75 

10 89 

329 

327 

1 

in 

208-209 

CnHjiOjNjCl 

11 79 

11 75 

301 

309 

1 

m 

198-200 

CkHjjOjN.CI 

10 78 

10 74 

329 

329 

1 

m 

218-220 

C,6H;503N:C1 

10 78 

11 02 

329 

331 

1 

in 

250-252 

C.tHjsOjNTCl 

10 78 

10 72 

329 

325 

1 

m 

147-149 

CnHjiOsNiCl 

10 78 

10 91 

329 

321 

1 

m 

200-201 

C,6H:j04N;CI 

10 34 

10 40 

343 

344 

1 

m 

168-169 

C,7H570,N2C1 

10 34 

10 47 

343 

337 

3 

P 

184-185 

C.sHjiOjNjCl 

9 56 

9 48 

371 

379 

4 

P 

198-199 

CioHjjOsNjCl 

9 21 

9 15 

385 

394 

1 

in 

99-102 

C„H:703N.C1 

10 34 

10 18 

343 

334 

3 

P 

155-156 

C.sHjiOaN.Cl 

9 66 

9 48 

371 


4 

P 

122-126 

CjoHsjOjNjCl 

9 21 

9 34 

385 


1 

in 

191-194 

C,7H:504N:C1 

9 93 

9 89 

357 

354 

1 

in 

129-134 

C.sHjjOjN-CI 

11 26 

11 45 

315 

308 

2 

p 

176-176 

CieHjsOjNsCl 

10 78 

10 70 

329 

330 

1 

in 

196-198 

C.sH-sOjN.Cl 

10 78 

10 63 

329 

324 

1 

m 

201-203 

CnHrjOjNjCI 

10 34 

10 27 

343 

338 

3 

P 

187-188 

C.sHsiOsNsCl 

9 56 

9 42 

371 

382 

1 

m 

134-136 

Ci7H570jNjC1 

10 34 

10 31 

343 

339 

1 

in 

152-154 

CisHjjOjN.Cl 

10 00 

9 89 

355 

357 

1 

P 

171-173 

CnH-jOjNjCl 

11 26 

11 12 

315 

309 

1 

in 

166-168 

CisHjsOjN-Cl 

10 78 

10 99 

329 

322 

2 

P 

194-196 

CuHnOsNsCI 

10 34 

10 18 

343 

343 

1 

in 

169-170 

C,7Hj70jN:a 

10 34 

10 23 

343 

339 

1 

P 

212-214 

C,7H.70jN:C1 

10 34 

10 30 

343 

343 

1 

in 

169-172 

C,5Hj90jN:C1 

9 93 

9 84 

357 

355 

1 

in 

162-164 

C,sH;90jN:C1 

9 93 

10 02 

357 

352 

2 

P 

181-183 

C,9H3jO,NjC1 

9 56 

9 62 

371 

369 

1 

P 

245-247 

CisH:903N7C1 

9 93 

9 96 

357 

357 

1 

P 

260-263 

CI 9 HJI 03 N 5 C 1 

9 56 

9 56 

371 

363 

1 

in 

107-109 

CuHssOaNjC! 

9 93 

9 88 

357 

355 

2 

P 

124-127 

C 19 H 51 O 3 N 2 CI 

9 56 

9 63 

371 

368 

1 

in 

186-189 

C.sHjiOiNjCl 

9 56 

9 66 

371 

375 

1 

in 

172-174 

CnHsTOjN.Cl 

10 34 

10 42 

343 

842 

1 

in 

170-172 

C.sH.-jOjNjCl 

9 93 

9 87 

357 

352 

1 

VI 

171-174 

C.sHjjO^N.Cl 

9 56 

9.42 

371 

369 

1 

P 

225-228 

C. 7 H 7 0,N:C1 

10 34 

10 26 

343 

337 

1 

P 

227-229 

Ci,H790,N!C1 

9 93 

9 90 

357 

356 

1 

P 

182-184 

C.jHjtOiNjCI 

9 56 

9 43 

371 

362 

1 

P 

284-286 

C,8H2903N9C! 

9 93 

9 85 

357 

353 

1 

P 

242-244 

CISH 2904 N 2 C 1 

9 93 

9 90 

357 

351 

1 

P 

213-215 

C,9Hj,OjN2C1 

9 56 

9 73 

371 

374 

1 

P 

178-182 

Ci9HjiOaN.CI 

9 56 

9 41 

371 

364 


C-Hj XHC<Hs(iso) 

C-Hs Moriiliolino 

C,H, XHCsHt 

C.Hs XHC,Hs(iso) 

C.H. N'(C;HsV 

C(H» Morpliotmo 


ROOC^,sj^ CHj 

1 -4-XHCCHR' HCl 

V « 


0 

114-117 

CiOIs^OjK-CI 

10 78 

10 69 

329 

323 

0 

190-193 

CnHjjO.NsCl 

10 34 

10 24 

343 

338 

p 

175-177 

C.jHnOjNsCl 

10 34 

10 31 

343 

346 

p 

160-162 

C.sHjjOjNjCI 

9 93 

9 99 

357 

359 

p 

147-149 

ChHsjOjNjCI 

9 93 

10 10 

357 

360 

p 

172-174 

CisHrO.NjCl 

9 56 

9 47 

371 

370 
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Table IV. — Pharmacology of Alkyl Esters of N-Substituted Aminoacylaminobenzoic Acid 

Hydrochlorides 


R' 


Posi 

tion 



Relative Potency 
Guinea pig^ 

Sciatic Nerve 
Wheal No Ep W Ep 


Relative 
ToYicity, 
p. sc 


Irritation 
Eye Skin 


NHC0(CH2)„R' HCl 


COOC^Ho 


Rela- 

tive 

Effi- 

ciency 


CiHs 

NHCjHjfiso) 

1 

0 

1 1 

2 4 

1 

0 1 

0 4 

0 

5 

+ 

+ 

6 0 

C«H5 

NHC 4 H 9 

2 

0 

2 4 

10 

3 

4 

0 8 

0 

9 

+ 

0 

13 

C 2 H 5 

NHC4H9(iso) 

1 

0 

0 1 

1 3 

6 

2 

0 2 

0 

2 

0 

+ + 

6.5 

CjHs 

NfC.Hs). 

1 

0 

0 2 

1 9 

3 

4 

0 4 

0 

5 

+ 

+ 

4 8 

CiHs 

Cycloliexvlamino 

1 

p 

0 4 

1 5 

1 

3 

0 1 

<0 

3' 

0 

+ 

15 

i-CsHi 

NHC 3 H 7 ' 

2 

p 

3 8 

3 0 

4 

1 

0 8 

0 

6 

+ + 

0 

3.8 

i-C,H7 

NHC4H9(iso) 

1 

111 

4 0 

6 4 

2 

1 

0 9 

0 

8 

+ 

0 

7 1 

C,H9 

NHC 4 H 9 

2 

p 

0 9 

1 1 

3 

1 

0 3 

0 

2 

+ 

0 

3 7 

C 4 H 9 

Morpholmo 

2 

p 

0 9 

1 3 

2 

1 

0 2 

0 

3 

+ 

0 

6 5 

i-C^Hs 

NHC4H9(iso) 

2 

p 

1 7 

1 9 

0 9 

0 8 

0 4 

0 

3 

+ 

0 

4.8 

1 -C 4 H 9 

NfCjHs). 

1 

III 

1 0 

2 5 

1 

0 4 

0 1 

<0 

2 

0 

+ + 

25 

1 -C 4 H 9 


2 

p 

0 5 

2 5 

3 

2 

0 1 

<0 

2 

0 

0 

25 

1 -C 4 H 9 

Morpholmo 

1 

p 

0 8 

1 1 

2 

0 5 

0 1 

0 

1 

+ 

0 

11 

1 -C 4 H 9 

Morpholmo 

2 

p 

1 0 

1 0 

3 

2 

0 1 

<0 

2 

+ 

0 

10 

1 -C 4 H 9 

Cyclohexj 1- 

1 

p 

1 6 

1 9 

5 

1 

0 3 

0 

3 

0 

+ 

6 3 


methylamino 













1-C,H9 

Benzvlaramo 

1 

p 

0 3 

1 9 

4 

1 

0 1 

0 

2 

0 

+ 

19 

C 4 H .1 

NHCjHs 

1 

III 

1 2 

7 6 

2 

0 5 

1 5 

1 

9 

+ 

0 

5 1 

CsHi, 

XHCjHs 

1 

p 

1 2 

5 1 

2 

4 

0 4 

<0 

3 

+ 

0 

13 

C 5 H 11 

XHC,H, 

1 

p 

1 8 

1 5 

2 

1 

0 3 

0 

3 

+ 

+ 

5 0 

CsH.i 

NHC4H9(iso) 

1 

III 

1 0 

4 8 

1 

1 

0 6 

0 

3 

+ 

+ 

8 0 

C,H„ 

XHC4H9(tert) 

1 

p 

2 5 

1 0 

0 9 

0 7 

0 2 

0 

2 

+ 

0 

5 0 

CsHii 

NCCjHs): 

1 

p 

0 9 

1 3 

2 

2 

0 1 

0 

2 

+ 

+ 

13 


-NHCOCHNHCjHi HCI 


1 0 


CH, 

1 5 1 


1 


0 4 


0 5 0 


+ 


3 8 


° Cocaine =1 ** Procaine = 1 ^ Values of < no used uhen solubility was too low to obtain the final value. 


group (R')- There was little apparent correla- 
tion between the structure of this group and 
physiological activity other than the tertiarY' 
alkY'lamino groups being less toxic than the cor- 
responding secondary" group Yvith the same num- 
ber of carbon atoms. 
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Kinetics of Formation of Anhydrovitamin A From 
Vitamin A Alcohol and Its Acetate* 

By TAKERU HIGUCHI and JEROME A. REINSTEINJ 


Of the several pathways by which vitamin A and its derivatives can degrade, the 
present study is concerned with those leading to the formation of anhydrovitamin A. 
Results indicate (a) anhydro formation does not occur readily with vitamin A alco- 
hol in the absence of a strong catalyst such as hydrogen chloride, (e) the ruction 
proceeds at a significant rate for solutions of the acetate in both alcoholic and hjmrc^ 
alcoholic systems, (c) the conversion of the acetate to the anhydro form is much 
more rapid in the presence of water than in its absence, and (c) formation from the 
acetate does not occur in ether or hydrocarbon solvent in the absence of catalytic 
agents. Catalytic behavior of hydrogen chloride, perchloric ^cid, and acetic acid 
were also studied. The results on experiments made with pyridine and sodium hy- 
droxide as possible inhibitors are also presented. 


A LTHOUGH from a pharmaceutical and eco- 
nomic standpoint reactions responsible for 
loss in activity of vitamin A and its derivatives 
are of considerable importance, relatively little 
basic information is available concerning the 
mechanism of breakdown of this vitamin under 
practical conditions. The facts that we do have, 
however, point to several broad general class 
reactions which may be responsible for the ob- 
served instability of the potyenoid vitamin. 
These are (a) free radical mediated oxidation 
and polymerization reactions, (6) photochemical 
reactions, (c) isomerization, (d) addition reac- 
tions involving die vitamin's double bonds and 
protonated solvents, and (c) elimination reac- 
tions resulting in the formation of anhydrovitamin 
A. The present communication is concerned 
with the results of an investigation into some 
aspects of the fifth route of breakdown. 

Since vitamin A is oftentimes formulated in 
vehicles containing alcoholic solvents, this study 
has been directed largely toward evaluation of 
several factors which may govern the relative 
rate of the elimination reaction in various hydrox- 
ylic and nonhydroxjdic solvents. Some earlier 
work on the hydrogen chloride catalyzed reac- 
tion has been repeated and expanded. 

The tendency of vitamin A and its derivatives 
to form anhydrovitamin A (Fig. 1) can be readily 
followed by ultraviolet spectrophotometry. The 
increase in length of the conjugated chain results 
in the appearance of a series of absorption peaks 
in the near ultraviolet in a region partly trans- 
parent for the parent compound. Fortunately 
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Figure 1. 

the absorption spectrum of pure anhydrovitamin 
A has already been determined by Shantz and 
colleagues (1). Thus by following the increase 
in the absorbance of the degrading system at or 
near 392 mg, the long wavelength absorption 
peak for the anhydro form, the kinetics of the 
reaction can be ascertained easily. In the present 
studies the long wavelength peak appeared at 
3S6.5 mg (Fig. 2). Apparently the displace- 
ment of the peak was caused by the absorbance 
of the other products present. The peak has 
previously been found to appear at 388 mg 
(2) and 389 mg (3). 

PAST WORK 

Anhydrovitamin A was first reported as a product 
of the action of anhydrous hydrogen chloride on vita- 
min A in ethanol by Edisburj', et al (4). They noted 
that this treatment resulted in the appearance of nar- 
row bands in the ultraviolet absorption spectrum. 
For many years the nature of the transformation was 
misinterpreted and the compound was known as 
"cyclized vitamin A” (5). In 1943 Shantz, Cawley, 


155 



156 


JOTONAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLVIII, No. 3 


and Embree (1), and Meunier, Dulou, and Vinet 
(6) presented evidence that the substance ivas 
formed not by cyclization but bj- loss of a molecule 
of water from vitamin A alcohol. The compound 
was renamed anhydrovitamin A. It had 0.4% of the 
biological activity of vitamin A. 

Aleunier, el al. (6), suggested a mechanism for pro- 
ton catah’zed formation of anhydrovitamin A which 
seems quite plausible: 

\’it. A alcohol -f H 

1 I I CH.,+ -1- HjO 



Anhj-drovitamin A 


A compound which appeared to be an addition 
product of vitamin A and hydrogen chloride was ob- 
tained by Guerillot-^'inet, Meunier, Jouanneteau, 
and Gourevitch (7). They confirmed the observa- 
tion of Shantz and colleagues (1) that prolonged ac- 
tion of hydrogen chloride transformed anhj'drovita- 
min A into "isoanhydrovitamin A” and found that 
the action of hydrogen chloride did not stop there but 
caused new spectral changes in which the three 
bands of "isoanhydrovitamin A” were replaced by a 
single band at 325 m/j nearly superimposable on that 
of vitamin A itself. The compound, which they 
called "substance X,” was biologically inactive. 

In 1954 Oroshnik (8) proposed that "isoanhydro- 
vitamin A” was in fact not an isomer of anhydrovi- 
tamin A, but an ethoxy addition product formed by 
solvation of the terminal vinyl group of anhydrovita- 
min A b\' ethanol. 

The conversion of vitamin A to anhydrovitamin A 
has been studied as a means of determining the vita- 
min in natural products (9). Robeson and Baxter 
(10) in the course of their study of the properties of 
neovitamin A, compared the rates of dehydration of 
vitamin A and its neo isomer and found that the nco 
form dehydrated more slowly. 

OBSERVATIONS 

The elimination reaction responsible for formation 
of anhydrovitamin A appears to be rather sensitive 
to experimental conditions. The free vitamin al- 
cohol, for example, has been shown in a previous 
study ( 1 1 ) to be highh- resistant toward this reaction. 
Despite the considerably greater susceptibility of the 
alcohol toward oxidative and other free radical medi- 
ated losses, it exhibits such great resistance toward 
dehydration in the absence of catalysts that the re- 
action could only be studied conveniently in their 
presence. 

In the present report results are given in the first 
part on the essentially uneatalyzcd elimination re- 



Fig. 2. — \utamin A peak at 326 m^i decreases with 
time. Anhydrovitamin A peaks at 350, 367, and 
387 m,u increase with time. Vitamin A epoxide 
peaks between 270 and 285 m^ increase with time. 


action as occurring in several solvent systems. Since 
onl}' the ester undergoes this reaction readily, the in- 
vestigation was confined to this form. In the second 
part, the elimination behavior of both the ester and 
the alcohol in the presence of catal3'tic agents and 
additives is discussed. 

Anhydrovitamin A Formation From Vitamin A 
Acetate in Several Solvents 
Order of the Reaction with Respect to Substrate. 
— Though an3’ simple mechanism leading to the 
formation of anh3’drovitamin A 133- an elimination 
reaction would 3dcld a first order dependency on the 
concentration of the initial compound, results such 
as shown in Fig. 3 indicated that the overall process 
is quite complex and may not necessarily shown fir.st 
order behavior. In this plot the percentage of an- 
h3'dro compound formed with respect to the initial 
amount of vitamin A acetate is shown as a function 
of time in a h vdroalcoholic medium at 25°. If simple 
first order kinetics were being obeyed, the curve 
would follow the usual mathematical form 

percent conversion = 100(1 — c"*' ). 
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Fig. 3.— Conversion of vitamin A acetate (60 mg. 
per liter) in 40% ethanol : water to anh ydrovitamin A 
at 25°. 


The second derivative would always be negative. 
This obviously is not the case. 

The exact rate dependency on the substrate con- 
centration can be determined more directly. A 
series of runs were made on the acetate at varying in- 
itial concentrations as shown in Fig. 4. The initial 
rates of formation of the anhydro species, as calcu- 
lated from the curves, were plotted against the initial 
concentrations of acetate. The resulting plot is 
shown in Fig. 5. The straight line passing through 
the origin indicates that the reaction is first order 
with respect to the substrate as expected. The par- 
ticular runs were made in 40% water in ethanol, but 
similar results were also found in pure ethanol as 
shown in Fig. 6. 



TIME IN SECONDS 

Fig. 4. — Formation of anhydrovitainin A from 
varying concentrations of vitamin A acetate in 40% 
water: ethanol at 25°. Rate of formation of peak 
at 392 nip. 



Fig. 5. — Dependence of initial rate of formation 
of anhydrovitamin A on concentration of v-itamin A 
acetate in 40% water: ethanol at 25°. 



acetate in pure ethanol at 25°. 

Dependence of the Rate of Formation of Anhydro- 
vitainin A on the Solvent Composition, — The rate of 
formation of the anhydro form from the ester appears 
to be greatly dependent on the nature of the solvent 
used in carrying out the reaction. In the absence of a 
hydro.xylic solvent the rate is reduced to negligible 
proportions. Studies in heptane and isopropyl ether 
made in connection with this investigation indicated 
no trace of the reaction, all breakdown apparently 
occurring through oxidation or related routes. 

That anhydrovitamin A could be obtained from 
vitamin A ester in ethanol was noted previously by 
Gray and Cawlej' (11) in 1942. Based on their ob- 
servations Shantz and colleagues ( 1 ) found that when 
"vitamin A ester concentrate is refluxed. . .with, , .a 
lower alkyl alcohol . . . the vitamin A ester breaks 
down into anhydrovitamin A, free fatty acid, and 
other products.” At 25° in 100% ethanol the pres- 
ent study showed that the rate of conversion of vita- 
min A acetate to the anhydro form was approxi- 
mately' 1.6 X 10”’% per hour (Fig. 7). 

For reactions run in hydroalcoholic solutions, the 
rate of formation of anhydrovitamin A was found to 
increase very rapidly as the per cent water in ethanol 
increased. Data for the variation in initial rate of 
anhydro A formation with concentration of water in 

ethanol are shou - ■ dog plot in Fig. 

8. The rate in ubtracted from 

the total rate to give the net rate due to water. The 
slope of the resulting curve at any water concentra- 
tion, it is evident, is equal to the order of the reaction 
with respect to water at that concentration. 

It can be seen that the effect of water is rather 
complex since the order is constantly changing. 
From much less than one at 2% ivater, the order in- 
creases to one at 5%. and then to two at 20%. At 
30% tlie slope appears to incline sharply', and the or- 
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Fig 7 — Rate of conversion of \ itamin A acetate 
to anhj droMtamm A m ethanol with varjing pro 
portions of 11 ater at 25 ° 


der reaches fiie at 45% iiater This verj great de 
pendence of the order on high iiater concentrations 
IS difficult to explain One possibility is that there is 
a change in mechanism at the higher concentrations 
The data m Fig 7 lend some support to this Atloiv 
concentrations of iiater in ethanol (0% and 5% are 
shoiin), the plot of per cent coniersion is time ap 
prONimated a straight line, iihich iiould be expected 
for the first feu per cent conversion But the plot 
for 40% nater in ethanol had a positiic second de 
rii ative Cun es of this ti pe as previousli pointed 
out are shoiin b 3 reactions iihich are complex 
When the time axis of the latter curie iias ex- 
tended to 300 hours (Fig 3), the per cent coniersion 
reached a peak at about 23% and then declined be 
cause of degradation of the anhidro compound 
From the loii jield* it iiould appear that there arc 
other products of the degradation, probabli addi 
tion compounds, iihich arc formed concomitantlj ’ 

Anhjdroiitamin A Formation From Vitamin A 
Alcohol and Esters in the Presence of Various 
Additiies 

The effects of hidrogen chloride, perchloric acid, 
sodium hi droxide, and pi ridme iiere studied because 
thei Here conienient for ini estigating acid and base 
effects 11 hich might gn e some insight into the general 
elimination reaction The effects of acetic acid and 

' Our studies of the acid cataljzed iifarnin A alcohol and 
acetate elimination yielded from 30 to coniersion 

Robeson and Baiter (10) obtained coniersion 

' All the reactions respons *■ * - -> * itamin A 

in these sj stems must be fir " lots indi 

cate that the rate of oi erall ■ depend 

ent on the substrate concentration 



Fig 8 — \ anation in initial rate of anhj droi ita 
mm A formation uith concentration of uater in 
ethanol at 25° 

alpha tocopherol on the reaction uere studied 
because substances of their tx pe might be found in 
pharmaceutical formulations or appear on storage 

Effect of Hydrogen Chlonde on the Formation of 
Anhydrovitanun A — The qualitative effect of hjdro 
gen chlonde on the dehj dration of vitamin A alcohol 
in ethanol was reported m the original work on an 
Iixdrovitamm A formation (1, 4) Hjdrogcn chlo 
ride also catalj zes the formation of the anhj dro com 
pound from \ itamin A acetate, although the rate of 
the reaction with the alcohol is about 30 times faster 
than that with the ester This relationship is rather 
surprising in view of the fact that in ethanol, the al 
cohol form of the vitamin is nearly totallj' resistant 
to the elimination reaction, whereas the ester reacts 
at an appreciable rate 

Catalj SIS bj’ hj drogen chloride of anhj drovitanim 
A formation from \itamm A acetate in ethanol was 
studied at 25°, 30°, and 40° The reaction was 
found to be first order w ith respect to vitamin A ace 
fate (Table I ) and w ith respect to hj drogen chloride 
(Table If) The rate expression maj be stated as 
d (Anhj dro Vit A)/dl = yfe (Vit A Acetate) (HCI) 
The X alues obtained for the specific reaction rate, k, 
are guen in Table Ilf An Arrhenius plot of log 
arithm of rate constant against reciprocal of the 
absolute temperature ga\e a heat of actuation, 
AH, of 19 6 Kcal 

To determine whether the principal catalj tic spe 
cics was the proton or the hjdrogcn chlonde mole 
cule, the rate of formation of anhj droe itamin A from 
xitamm A alcohol was studied m two other sj stems 
perchloric acid in 100'^ ethanol and h\ drogen clilo 
ride m 40% water in ethanol 
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Although perchloric acid is intrinsicallj' a stronger 
acid than hydrogen chloride (12), the rate of forma- 
tion of anhydro A from vitamin A in the perchloric 
acid catalyzed system was less than half that in the 
hydrogen chloride catalj'zed system. This seemed 
to indicate that the principal catalytic species was 
not some protonated acidic substances but the un- 
charged catalyst. 

The data from the second system studied pointed 
to the same conclusion. When the reaction was run 
in 40% water in ethanol, the rate of formation of the 
anhydro compound from vitamin A was less than 
one-tenth the rate in pure ethanol. In the hydroalco- 
holic system the hydrogen chloride would be present 
almost entirely as o.vonium and chloride ions, 
whereas in the pure ethanol system there would be 
relatively more hydrogen chloride present as the un- 
dissociated molecule. That the rate was greater in 
the pure ethanol system suggested strongly that the 
principal catalytic species was the hydrogen chloride 
molecule. 


Table I. — Dependence of Hydrogen Chloride 
Catalyzed Elimination on the Concentration 
OF Vitamin A Acetate at 25° (0.01 N HCl) 


Conen of Vit A 

Initial Rate, 

Acetate, mg /L 

mg liter*' sec 

100 

0 0048 

200 

0 0101 

400 

0 0200 

800 

0 044 


Table II. — Dependence on Hydrogen Chloride 
Concentration of the Rate of Anhydrovitamin 
A Formation from Vitamin A Acetate (RO mg. 
PER Liter) 


Initial Rate, mg liter*' sec.*' 
X 10' 


Molar Conen HCl 

30° 

40° 

1 X 10-‘ 

5.4 

14 

2 X 10-* 

9 3 

29 

4 X lO-* 

20.0 

63 

6 X 10-< 


88 

8 X 10-* 

46 0 

124 


Table HI. — Vitamin A Acetate Elimination 
Catalyzed by Hydrogen Chloride 

Temperature, ° C 

Specific Reaction Rate® 
liters mole*’ sec *• 

25 

6 3 X 10-^ 

30 

10 6 X 10-’ 

40 

30 4 X 10-’ 


" Calculated from imtial rates of formation of anhydro A 


Dependence of the Rate of Hydrogen Chloride 
Catalyzed Anhydrovitamin A Formation on Ethanol 
Concentration. — It was found that the rate of hy- 
drogen chloride catalyzed elimination in nonliy- 
droxylic solvents was very low In the absence of 
catalysts, as was stated earlier, the reaction was not 
detected. These studies, run at 0 01 iV hydrogen 
chloride concentration for convenience, show the de- 
pendence of the hydrogen chloride catalyzed rate on 
the concentration of a hydroxylic solvent, ethanol. 
The systems studied were vitamin A alcohol in 
clhanoLhcptanc and in cth.anol; Isopropyl ether. 

Limited solubility of liydrogcn chloride in heptane 


prevented the use of low concentrations of ethanol in 
the ethanol: heptane e.xperiments. A plot of log- 
arithm of initial rate against logarithm of initial 
concentration is shown in Fig. 9. The slope of the 
curve is equal to the order of the reaction with re- 
spect to ethanol. In the concentration range studied 
(40-100% ethanol; the point at 20% ethanol is un- 
certain) the dehydration of vitamin A alcohol in the 
presence of hydrogen chloride was first order with 
respect to ethanol. 

The dependence of the rate of dehydration on 
ethanol in the range 5-100% ethanol in isopropyl 
ether can be seen in Fig. 10. At the lower concentra- 
tions the slope of the curve indicated that the order 
approached two with respect to ethanol. As the con- 
centration of ethanol was increased, the order grad- 
ually decreased until at high concentrations, the de- 
hydration was first order with respect to ethanol. 



Fig 9. — Log-log plot of vitamin A alcohol in 
ethanol :hcptane solutions with 0.01 N hydrogen 
chloride at 25°. Shows dependence on ethanol con- 
centration of initial rate of formation of anhydro- 
vitamin A from vitamin A alcohol. 

Effect of Pyridine on the Rate of Formation of 
Anhydrovitamin A.— It was thought that if the 
mechanism of elimination for vitamin A acetate in 
ethanol were proton activated, then a proton 
scavenger would reduce the rate. The system stud- 
ied to test this possibility was vitamin A acetate (60 
mg. per liter) in ethanol at 90°, alone and with 
0.001 N pjTtdine Pyridine was selected because it 
should tie up free protons without hydrolyzing the 
ester. The solutions with and without pyridine 
showed the same rate of formation of anhydrovita- 
min A. This seemed to indicate that the mechanism 
of formation of the anhydro compound from vitamin 
A acetate in ethanol was probably not exactly that 
suggested for proton catalyzed dehydration of vita- 
min A alcohol. 

Effect of Sodium Hydroxide on Vitamin A Ace- 
tate in 40 '■f Water in Ethanol.— To test the effect 
of strong base on the rate of anhydrovitamin A for- 
mation from vitamin A acetate, solutions were made 
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Fig 10 — Log log plot of vitamin A alcohol in 
ethanol isopropjl ether solutions with 0 01 N hy- 
drogen chloride at 25° Shows dependence on 
ethanol concentration of initial rate of formation 
of anhj dro^ itamin A from \ itamin A alcohol 


w ith 00 mg per liter of vitamin A acetate and sodium 
In droxide at 0 001 N and 0 02 N concentrations 
After fift^ dajs at 25° these solutions showed very 
little change in their ultra\ lolct spectra 

If the base hj droh Zed the ester very rapidly and 
left ^ itamin A alcohol in solution, this would explain 
the stabihti toward anln dro vitamin A formation, 
since we ha\e shown that the alcohol form does not 
degrade at that concentration in ethanol at 25° in 
that period of time But m order for us not to detect 
an\ anh\ dro form, the h\ drolj sis would have had to 
occur within minutes, and this seemed \en unlikely 
at room temperature Consequentlj , sodium hj 
droxide appeared to ha\e stabilized the acetate 
against elimination This is contrar} to what one 
might expect of base, since it usuallj catalj zes elim 
ination reactions 

Dependence on Acetic Acid Concentration of the 
Rate of Anhydrovitamin A Formation in Ethanol. — 
Dependence on acetic acid concentration of the rate 
of formation of anh^ dro\ itamin A from the acetate 
m ethanol was studied at 70° o\er a 265 fold 
range The results are shown m Fig 11 The 
solid line represents the o\ erall rate, the dashed line 
the difference between the observed rate and that 
of alcohol alone Ov er the range studied, the de- 
pendence of the rate on acetic acid appears to varv 
from first order at 0 0025 A' acetic acid to one fourth 
at0 64 jV 

The studv showed that the presence of the acetic 
acid molecule increa‘^ed the rate of conv ersion of \ ita 
mm A acetate to anhv drov itamin A significantlv It 
seems, however, that the carboxv he acid catalvzcd 
reaction would not be responsible for the major por 



Fig 11 — Log log plot of the dependence on acetic 
acid concentration of the rate of formation of anhy 
droMtamin A from vitamin A acetate in ethanol 


tion of the degradation of vitamin A ester, especiallj 
m h} droalcoholic solutions 

Influence of a-Tocopherol on the Rate of Anhy- 
drovitamin A Formation from Vitamin A Esters — 
Phenolic antioxidants such as tocopherol are com 
monij used in vitamin A preparations to retard 
oxidative loss of the vitamin There is no question 
that it exerts this effect m oil solutions, but there 
seems to be some doubt as to its effect m aqueous 
dispersions (13, 14) 

At 0 5% concentration a tocopherol was found to 
hav e no significant effect on the rate of formation of 
anhj drovitarain A from vitamin A acetate or pal 
mitate As one may expect the acidity of this com 
pound was apparently too weak to endow it with 
any cataly tic activity for the elimination reaction 

DISCUSSION 

The exact nature of the mechanisms and pathways 
taken in the formation of anhydrovitamin A from 
either the acetate or the alcohol is impossible to de 
Iineate with presently available information It is 
clear that the transformation is not a simple reaction 
and m all probability is an end result of one of many 
competing mechanisms There also appears to be 
some evidence for formation of an intermediate spe 
cies which then decomposes to form anhydrov itaiiiin 
A In all likelihood addition, isomerization, elim- 
ination, and other reactions are occurring siinul 
taneously- 

In the data collected, howev'er, some semblance of 
order exists Vitamin A alcohol in ethanol w ould be 
expected to be stable to dehy dration m the absence 
of cataly sts, as w as found If the cataly sis by hy dro 
gen chloride were by oxonium ion, the alcohol form 
w ould y leld anhy drov itamin A faster than the ace 
tate form because it could form a carbonium ion 
more easily From the evidence, it appears that ox 
onium ion is not the principal cataly tic species, but 
the mechanism of elimination may be similar since 
the alcohol form is converted to the anhy dro form 
more readily than is the acetate m the presence of 
hvdrogen chloride 

The acetate undergoes conversion to anhy drov ita 
mm A m the presence of hvdroxylic solvents and 
acids For this compound, such solvents appear to 
be necessary for rapid reaction even m the presence 
of strong catalysts At first glance it might stem 
that the elimination reaction bv which vitamin A 
acetate is converted to the anhy dro form follows a 
straight E~ pathwav, with the ethanol or water sol 
vent acting as the bast If this were true, a stronger 
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base such as sodium hydroxide would be expected to 
speed up the reaction. Since it appears that sodium 
hydroxide is actually an inhibitor, the reaction is 
probably not through a simple E; mechanism. 

PHARMACEUTICAL SIGNIFICANCE 

Deterioration of vitamin A esters in pharmaceuti- 
cal preparations bj- conversion to the anhydro form 
does not seem to have received much attention in the 
literature Since the reaction can take place in the 
absence of strong catalysts in h 3 'dro.\ylic solvents, 
detection of anhydrovitamin A would appear to be a 
necessary part of studies on the degradation of vita- 
min A in solution or in dispersion in these solvents 
Some studies reported up to now ( 13, 14) have meas- 
ured only the absorption at 326 mn, or at 620 rap in 
the Carr-Price procedure, neither of which would 
show the presence of the anhj'dro form The Carr- 
Price method, in particular, is not suitable for sys- 
tems which form the anhydro species since the latter 
gives a blue color verj’ similar in wavelength and in- 
tensity to that of vitamin A itself. 

EXPERIMENTAL 

Reagents. — Crj’stalline vitamin A alcohol, vita- 
min A acetate, and vitamin A palraitate (Hoffmann- 
La Roche); a-tocopherol (Hoffmann-La Roche); 
pyridine, perchloric acid, hj’drochloric acid, acetic 
acid, sodium hydroxide — all reagent grade; «-hep- 
tane (Eastman, white label) — shaken with sulfuric 
acid, then passed through Davison silica gel (through 
200 mesh); isopropyl ether (Matlieson Coleman and 
Bell, Pract ) — peroxides removed by treatment with 
acidified ferrous sulfate, dried with Dricrite and dis- 
tilled; "absolute” alcohol, N F. — reacted with mag- 
nesium activated by iodine and then distilled using a 
10 • 1 reflux distill ratio on a 50 plate Oldershaw frac- 
tionating column; water content after distillation- 
0 014% (Karl Fischer titration): and double dis- 
tilled water. 

Apparatus. — Cary Recording Spectrophotometer 
Model 11 MS with constant temperature jaeket; 
const.ant temperature baths at 30°, 40°, 70°, and 
90° ±0 1°, and constant temperature room at 25° 
± 0 5°, 10 ml Ncutraglas Color- Break Ampuls 
Procedure. — All studies were made in the absence 
of light For reactions with half lives longer than 
about one hour, the formation of anhj-drovitamiii A 
was followed spectrophotoiiietrically by withdraw- 
ing aliquots (foi lower temperatures) or ampuls (for 
higher temperatures) at suitable intervals and meas- 
uring the absorbance at 392 nip 

For reactions with half lives of the order of min- 
utes. the appearance of the anhydro form was fol- 
lowed directly in a Car\- spectrophotometer which 
had a water jacketed cell compartment to keep the 
temperature constant A measured volume of sub- 
strate solution was pipetted into a silica sample cell 
Then a measured volume of catahst was pipetted 
into the cell, the solution shaken, placed in the sample 
coiiiparlmcnt and the spectrophotometer, which 
was set to record at the appropriate wavelength, was 
switched on. The time elapsed between pipetting 
the catalyst into the cell and stalling the recording 
was twelve seconds. The curve of concentration of 
anhj-drovitamin A against time was obtained auto- 
matically. 


The initial rate of formation of anhydrovitamin A 
was calculated from the rate of increase in absorb- 
ance at 392 mp b\- the formula : 

Initial Rate of Formation of Anln-drovitamin A 
(mg liter"’ min."’) 

= Initial Increase in Absorbance per min, at 392 mp 
Ail» X 10-' 

= In itial Increase in Absorbance per min, at 392 mp 
3180 X 10'’ 


CONCLUSIONS 

1. The formation of anhydrovitamin A was 
first order wdth respect to vitamin A, 

2. Water caused a marked increase in the 
rate of formation of anhydrovitamin A in hydro- 
alcoholic solutions. The order of the reaction 
with respect to water varied from less than one 
at 2 per cent w-ater to five at 45 per cent water. 

3 Catalysis bj- hydrogen chloride of anhydro- 
vitamin A formation from vitamin A acetate was 
first order wdth respect to vitamin A and with 
respect to hydrogen chloride. The principal 
catalytic species appeared to be the whole hy- 
drogen chloride molecule rather than the hy- 
drogen ion. 

4. At concentrations above about 50 per cent 
ethanol, the hydrogen chloride catalyzed dehy- 
dration of vitamin A alcohol in ethanol .'heptane 
and ethanol risopropyl ether solutions was first 
order with respect to ethanol. 

5. Pj'ridine has no effect on the rate of anhy- 
drovitamin A formation. 

6. Sodium hydroxide appeared to inhibit the 
formation of anhydrovitamin A in solutions of 
vitamin A acetate in 40 per cent water. ethanol. 

7. Acetic acid caused a distinct but relativel)' 
slight increase in the rate of anhydrovitamin A 
formation from vitamin A acetate. 

S. a-Tocopherol had no effect on the rate of 
anhydrovitamin A formation. 
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A Chemical Study of American Tung Oil* 

By YONG CHOO LEEf and W. LEWIS NOBLES 

A phytochemical investigation of American tung oil which had heen reported to 
have hypotensive properties was carried out in an attempt to isolate the active com- 
ponent in a pure state. 9,14-Dihydroxy-10,12-octadecadienoic acid which had 
been reported previously in tung oil, was isolated by using Permutit A (anion ex- 
change resin) rather than lonac A. A white crystalline sufctance, m. p. 295-297°, 
was obtained in low yield from the 80 per cent alcohol extract of a petroleum ether 
solution of tung oil. It is a substance not previously reported in tung oil and ap- 
pears to be a phytosterolin (phytosterol glycoside) according to its physical and 
chemical properties. From the fraction not containing eleostearic acid after hy- 
drolysis, a syrupy extract was obtained by utilizing freeze-drying; from the saponi- 
fiable fraction, eleostearic acid was isolated. 


' I ■'he tung oil tree is Aleurites fordii Hemsley, 
belonging to the Euphorhiaceae. Various 
steps must be taken after the nuts are harvested 
to obtain tung oil. These include drjdng in the 
orchards, hulling, and expression or solvent 
extraction of the oil. Many factors, including 
the degree of moisture content, type of hulling, 
temperature, and nature of solvent affect the 
quantity and quality of the oil obtained. 

Tung oil plays an important role in the coating 
industrj-, but it is not used in significant amounts 
in the medicinal field in this country at this time. 
In China, it is given (1) as a remedy in insanity 
and in the case of metallic poisoning; also it is 
applied as a stimulant to carbuncles, ulcers, 
bums, swellings, and bruises. A refined tung 
oil is currently being advertised in this geo- 
graphical area (southeastern United States) 
for promoting the healing of cuts, wounds, and 
abrasions. 

Kaufmann (2) has reported that tung oil 
contains 78.5-87.1% eleostearine, 7.6-22.8% 
olein, and 8.5% glycerides of saturated acids. 
Smedley-MacLean (3) has reported that tung 
oil is composed entirely of Cis fatty acids. 
Recently, Hoffmann and O’Connor (4) succeeded 
in isolating the alpha- and Jcto-eleostearic acids 
from tung oil using ethanol as the solvent for 
recrv’stallization. 

Henrj- and Auld (5) suggested that there may 
be a cyanogenetic glycoside in the fruit of tung 
tree and that the poisonous nature of the press 
cake may be due to hydrogen cyanide produced 
by the hydrolysis of the glycoside during purifica- 
tion. 

• Received AuRust J2. 195S, from the School of Pharmacy, 
University of Mississippi, University. 
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Emmel (6) determined the presence of two 
toxic principles in the tung nut. He indicated 
that the first toxic principle is probably a saponin 
and is in the foliage, sap, and fruit. He found 
that the second to.xic principle in tung meal 
is partially destroyed by heat or h 3 'drolysis and 
is present in greater quantity in fresh tung meals 
than that in the old meals. 

Carratola (7) stated tliat the liquid obtained 
by the incision of the fruit exerts a local irritation 
on the skin. He found that the liquid contains 
a substance like a toxalbumin, a natural albu- 
minoid which acts similarly to strychnine in the 
human body. He did not isolate any alkaloids 
from this liquid. A solution of the substance, 
which was heated to 90° and injected into 
guinea pigs, elicited no toxic response. 

Bilger and Westgate (8) reported the presence 
of sterols in tung oil and compared them with 
sterols obtained from other tropical oils. They 
found that tung oil possessed the following 
properties: unsaponifiable material, 0.59%; frac- 
tion precipitated bj^ digitonin from an alcoholic 
extract, 37.30%; sterol in oil, 0.22%; molecular 
weight of the tung sterol, 365. 

In the present stud}’, we were particularly 
interested in the hypotensive factor reported in 
tung oil by Grollman (9). He suggested that 
the tung oil is apparently the only oil of vegetable 
origin which contains a factor of this type. 
.^Iso, Karnovsky (10) reported that the only 
vegetable fat containing any appreciable quantity 
of alpha-glycer}’l ethers is tung oil. However, 
whether or not there is any relationship between 
these two isolated bits of information remains 
yet to be determined. 

Davis, Conroy, and Shakespeare (11) isolated 
a crv'slalline substance in low yield from tung 
oil and it was shown to be 0,14-dihydroxy- 10,12- 
octadecadienoic acid, CH 3 (CH-) 3 CIIOH — CH = 
CH— CM = CH— Cl lOI I— (CH3);C00I 1 , sug- 
gested as being an artifact derived from eleostearic 
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acid. The hj^potensive activity of this acid, re- 
ported by Grollman (9), was not confirmed by 
these workers. 

This study was designed to attempt the separa- 
tion, isolation, and identification of certain of 
the chemical constituents of tung oil. Particular 
emphasis was placed on those constituents 
possessing potential medical value. Specifically, 
attempts were made to isolate the hypotensive 
factor reported by Grollman (9) in larger quan- 
tities than ever before, identify it and, if possible, 
synthesize it. 

EXPERIMENTAL 

The following three methods were utilized for 
studying the tung oil fractions : ion e.xchange resin 
method; petroleum ether — ethyl alcohol method; 
and hydrolysis method. 

Ion E.vchange Resin Method 


the alcohol. The alcohol layer was yellow and trans- 
parent. An additional 2,600 Gm. of the oil was 
treated in the same manner. The combined alco- 
holic extract was allowed to stand in an evaporating 
dish at room temperature. As the alcohol evapo- 
rated, a colorless needle-like crystalline substance 
was produced on the resinous surface of the liquid. 
A sample of this crystalline substance was removed ; 
it melted at 40° and became resinous in the air. 

The alcoholic extract was completely resinified af- 
ter a month; it was treated with small amounts of 
cold alcohol several times. Most of the resin dis- 
solved in the alcohol and a mixture of a white gran- 
ular material and a colored film remained. The res- 
idue was washed with hot ethyl acetate and treated 
with hot ethyl alcohol several times. Only the 
colored film (about 0,1 Gm.) remained; it was re- 
moved by filtration. From the combined alcoholic 
filtrate, a white substance, m. p, 265-270°, \vas ob- 
tained by evaporation of the solvent. This was 
twice recrystallized from 95% ethyl alcohol with the 
aid of animal charcoal, 3 'ielding a white, needle-like 
crj'stalline substance, m. p. 295-297°. 


As ion exchange resins, cation e.xchangers (IR- 
100, lR-120)* and anion exchangers (Dowex 3*. 
Pennutit A’) were used. Taking into consideration 
that the chemical properties would be different ac- 
cording to the method of obtaining the oil, different 
kinds of oil were treated with each kind of resin. 

Regeneration of Resins. — IR-120. — The resin was 
thoroughly washed with distilled water, conditioned 
tvith three cj'dcs oi regeneration ivith C. P. hydro- 
chloric acid and exhaustion witii 20% sodium hy- 
droxide, and finally regenerated with a verj' large ex- 
cess of analytical reagent grade hydrochloric acid, 
washed free of acid with distilled water, and air- 
dried. 

Dowex 3 . — A 260-Gm. portion of resin was stirred 
with 2.5 L. of 5% sodium carbonate for one-half 
hour, filtered, washed thoroughl}' with distilled 
water, and air-dried. 

Pennutit A . — A 250-Gm. portion of resin was 
stirred with 2.6 L. of 5% sodium h 5 'droxide for one 
and one-half hours, filtered, washed thoroughly 
with distilled water, and air-dried. The reaction of 
the washings approached neutrality (pH 8.3). 

General Procedure. — The method utilized was 
essentially that described by Davis, ct at. (11), with 
the exception that Pennutit A was u.sed as the anion 
e.xcliange resin in lieu of lonac A. The results were 
analogous to those reported by the previous Work- 
ers. 

One result, which is unexplainable at the moment, 
is the failure of Dowex 3 to remove the acidic sub- 
stances from the oil as did Pormutit A. 

The results of the use of both the cationic and the 
anionic rcsin.s are summarized in Table I. 

Petroleum Ether-Ethyl Alcohol Method 

a. A 750-Gm. portion of oil wa.s dissolved in 75'l 
ml. of petroleum ether in a .3-L. separator}- funnel 
and shaken three timc.s tvith .31)1) ml. of S()% ethyl 
alcohol. IVheu the antoimt of petroleum ether was 
insufficicul. ;in emulsion occurred on slmViiig with 

* IR'IOO anti IR-120. protlucts of Rohm &* Haas C»» . Phila 
tlclphia r>. Pa. 

5 Dowex S, ft prodiicl Dow Chemical C« . MtdlancK Mich 
' PermutU A. a pniihict <»f Permutit Co , \Y 42nd 
St., Xen- York ;!(>, N V 


On standing at room temperature for a long time, 
the same crystalline substance was obtained from 
the alcoholic filtrate of the original e.xtract, from 
which the mixture of the white granular material and 
the colored film had been separated. The total yield 
was 265.1 mg. (0.0071%), 


This crj'stalline substance was quite insoluble in 
water, 10% sodium hydroxide, and 10% hydrochlo- 
ric acid. It ivas very- sparingly soluble in alcohol, 
methanol, cthj'l acetate, ether, acetone, benzene, 
carbon tetrachloride, and petroleum ether; readily 
soluble in pyridine, dioxane, and amyl alcohol. Its 
alcoholic solution was not colored wRK aqueous ier- 
ric chloride. Mo.st of the sterol color tests (Sal- 

fcowski test, Liebermann-Burchard test, andTschuga- 

jeff test) were positive, but the Rosenheim test was 
negative. It was immediately colored dark red on 
treatment with concentrated sulfuric acid. An.aly- 
sis j'ielded the following results: 

Aria!.—C, 72.94, 72,67; H, 10.55, 10.39. 


iiyaroiysis.— i ne method utilized for tliis process 
was that of Power and Salway ( 32 ). Eiglity-niuc 
milligrams of the substance (in. p. 295-297°) was dis- 
solved in 5.4 ml. of hot H-amyl alcohol; I 8 ml of an 
aqueous 15% solution of Iiydrogen chloride uks 
added together with suniciciu ethyl alcohol (7 ml ) 
to form a homogeneous liquid. After heating for one 
hour in a reflux apparatus, steam was pas.scd tfiroueh 
the mixture to remove the amyl alcohol. A colored 
solid was produced, removed by filtration, 
washed with distilled w.alcr. When the solid sub 
stance was crystallized from .a mixture ot ctlivl aloo 
hoi and ethyl acetate ( 1:1 by volume), it occu'rrcd as 
glistening leaflets (15 mg.) melting at 133° -Tiii's 
substance gave positive Liebermann-Burchard and 
Tsclmpaieff color tests, but was negative i,rthe 
Rosenheim test. Carbon and hydrogen anal^s 
J'ielded the following: ♦ 


Afwr~~C, SO.2-1. 80.40, H, 15,05, 11.43 
The aque^ms aeid liquid. Srom which the uhvtn 
sterol had been separated by filtration, wa,s nkuraT 
ized with sodium carbonate and evaporated to a? 
ness cm the water bath. The residue was ,i-„ ^ 

with absolute ethyl alcohol several times alfdlf 
mixture filtered. On evaporating the alcoholk 
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Table I — Cation and Anion Resin Extracts from Tung Oil 


Expen 

T> pe of 




ment No 

Resin 

Resin 

Oil Gm 

Extract Gm 

1 

Cation 

IR 100 

3367 

0 015 

2 

Cation 

IR 100 

1272 

0 0081 

3 

Cation 

IR 120 

1464 

0 0037 

4 

Cation 

IR 120 

7213 

0 01 

5 

Cation 

IR 120 

7397 

0 027 

6 

Cation 

IR 120 

17099 

0 065 


Cation 

IR 120 
Regenerated 

11320 

0 0403 

8 

Anion 

Regenerated 

Dow ex 3 

2500 

0 0096 

9 

Anion 

Regenerated 
Permutit A 

12003 

8 


Irate, a simll amount of a s^rup^ residue uas ob 
tamed This had a caramel odor, reduced Fehhng’s 
solution and ga\ e a positi\ e IMohsch reaction, but no 
osazone u as obtained 

b A 14,010 Gm portion of a solvent e\tracted 
tung oil Mas treated according to the general pro 
ccdure outlined prev loush The pre\ lous oil sample 
had been obtained bj mechanical expression The 
\ leld of the crj stalhne substance m p 295-297° was, 
lioM ever, oiilj 6 mg (0 OOOOo*^) The 5 leld of the 
ethx 1 alcohol extract was about 90 Gm This 
M as reserx ed for pharmacological ex aluation 

Hydroljsis Method 

A 200 Gni portion of a tung oil was saponified by 
refluxing in a 1 L round bottom flask tilth 60 Gm 
of pot issium hi droxide, 59 ml of it ater, and 500 ml 
of 95' ( ethyl tlcohol according to the previously de 
scribed method (4) The flask and its contents it ere 
sit irled occasionallt during the thirty minute sapon 
ification period After cooling, the soap iias acidi 
fled in a separatory funnel it ifh 725 ml of 2 A' hy dro 
chloric acid The liberated acids it ere separated 
from the aqueous lax er and dissolx ed 11 itliout further 
treatment m 1 L of 95% ethyl alcohol on the tiater 
bath The solution stood for tii enty four hours in 
the refrigerator The light colored precipitate xxas 
remox ed b\ filtration, then xx ashed xx itli about 75 ml 
of cold 95% cthy 1 alcohol In order to avoid air 
oxidation of this substance during filtration, the rate 
of filtration xxas adjusted so that solxent vapors xxcre 
alxxaxs m contact xxith the crxstals It xxas re 
crxstalhzcd from 509 ml of 95% ethx 1 alcohol, the 
X leld xxas 75 Gm , m p 48° 

The residual x elloxx aqueous phase, xxliicli possibly 
could contain some xxater soluble acidic substances, 
xxas neutralized xxith 2 J% potassium hydroxide, and 
exaporated at room temperature When most of 
the alcohol had exaporated. the xolumc of the solu 
tion xxas 959 ml . the solution xxas x elloxx and pos 
sessed a characteristic odor This xxas frozen xxith 
dry ice and acetone, and bx means of the Campbell 
Pressman Apparatus * xxas subjected lofr-ezc drying 
One hundred txx entx nine grams of light colored solid 
XX IS obt lined Most of this xxas inorganic in nature 
It xxas treated txx ice xxith 100 ml of cold absolute 
cthxl alcohol and the combined filtrate xxas exap 
orated at room temperature \ x elloxx sx rupx e\- 
tract(lCGm) uasobtaincd This xxas reserx cd for 
pharmacological ex aluation 

* This apparatus is produced bx F Machlctt &- Son Co 
220 East 23rd St . Neix AorL 10 N Y 


DISCUSSION OF RESULTS 

Ion Exchange Resin Method. — As may be noted 
in Table I, m most of the cases, a small amount of 
extract xxas obtained except xxith Permutit A In 
the case of Permutit A, a considerable quantity^ of 
extract and a small amount of cry’stals xx ere obtained 
It xxas established that this cryrstallme material xxas 
identical xxith the 9,14 dihydroxx -10,12 octadeca 
dienoic acid xvhich Davis, el al (11), had isolated 
from tung oil by the use of an anion exchange resin 
(lonac A300) 

If this acid had hypotensive activity and is an arti 
fact resulting from autoxidation of eleostearic acid 
during production and fractionation, as Davis, el ol 
( 11 ), have suggested, conditions for the autoxidation 
of eleostearic acid m the experiment should be 
studied for the purpose of obtaining a better y leld 
Comparison of y leld Davis, elal ,0 0027% (cry stals 
of m p 93-98°), present investigation, 0 0018% 
(m p 102-103°) 

Petroleum Ether-Ethyl Alcohol Method. — The 
melting point of the xvhite cry'stallme substance, 
in p 295-297°, is considerably higher than those of 
the sterols which xxere reported by Bilger, el al ( 8 ) 
Indeed, the melting points of the ordinary free 
phytosterols are mostly less than 200 °, ergosterol 
m p 113°, stigmasterol m p 169°, fucosterol m p 
124°, etc 

Some sterol color tests also give positive results 
XX ith saponms This substance, liowever, is different 
from the saponin xvhich xvas reported by Emmel ( 6 ) 
for the folloxving reasons Most of the saponms arc 
soluble m xxater and elicit characteristic foaming but 
this substance does not, and generally, saponms are 
amorphous xxith the exception of dioscin, sarsasapo 
nin, and cy clamin, but this substance is m the form of 
microscopical needles 

Elemental analx sis of this substance indicated tint 
no nitrogen is present Accordingly , it is also differ 
ent from the cyanogenetic glycoside reported by 
Henry and Auld (5) and the albuminoid reported by 
Carratola (7) 

It thus appears that this substance is a constituent 
not prex lously reported m tung oil 

Presumably , this substance belongs to the pliy to 
sterohns (phy tostcrol glycosides) because of the fol- 
low ing properties (a) 1 1 elicits a positive sterol color 
test (5) Its tltmenbilamly SIS IS xery similar to that 
of ph X tosterohns (12) (c) On hydroixsis, this sub 
Stance yielded a crystalline material, m p TJ1°, 
which gaxe a positixe sterol color test, and a syrupy 
substance which reduced Tehling’s solution and gave 
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a positive MoUsch reaction, (d) It e\ists as micro- 
scopicaliy small needles and its melting point is rela- 
tively high and not sharp. These properties are 
common in phytosterolins (e) Hall and Gisvold 
(13) obtained simultaneously a free sterol and its gly- 
coside from the same plant By analogj’. it is prob- 
able that the glycosides of the free sterols reported by 
Bilger, etal (8) , e.\ist in the tung oil. (f) The process 
of isolation of it is similar to that of phj'tosterolins 
Most of the phytosterolins ivere isolated from an or- 
ganic solvent e.\tract, sometimes they result from 
aqueous e.\tracts by preserving them for a long pe- 
riod of time 

The percentage content of this crj'Stalline sub- 
stance in various tj-pes of tung oil is apparently dif- 
ferent The percentage yield of this substance in 
different e\periments n as 0 0071 % and 0 00005%, 
respectively The amount of this substance ob- 
tained from tung oil by the expression method may 
be more than that obtained by the solvent method, 
as this substance is quite insoluble inordinary or- 
ganic solvents 

The crystalline material, m p 40°, may be impure 
eleostearic acid which was produced during the proc- 
essing of tung oil, since this crystalline substance res- 
mifies in the air Eleostearic acids generally give 
this characteristic behavior. 


Hydrolysis Method. — Originally, this method was 
designed to study the fraction of tung oil not con- 
taining eleostearic acid The freeze-drj-ing tech- 
niques were utilized to avoid tlie decomposition of 
any heat labile component Further chemical 
treatments of the j-ellow syrupj' extract are m 
progress 
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A Study of LSD-Serotonin Central Interaction* 

By PAUL ZANOWIAKf and MORTON J. RODMANJ 

Serotonin pretreatment increases the duration of sleep produced by a lariety of cen- 
tral depressants. Lysergic acid diethylamide (LSD) pretreatment inhibits or com- 
pletely reverses such serotonin potentiation of sleep produced by hexobarbital, 
mephenesin, and combinations of depressants in which these drugs exert predomi- 
nant actions, LSD does not suppress serotonin potentiation of hypnosis produced 
by butabarbital and meprobamate; on the contrary, LSD alone increases the dura- 
tion of sleep with these compounds to about the same degree that serotonin does. 


T HAS BEEN SUGGESTED that scrotonin plays a 
part in both normal and abnormal mental 
processes and that the striking psychological ef- 
fects of lysergic acid diethylamide (LSD) are tlie 
result of its ability to interfere with some central 
action of serotonin (1,2). 

The hypotheses are based in part on the oc- 
currence of serotonin in the brain and the fact that 
LSD specifically antagonizes the actions of sero- 
tonin at a number of peripheral sites in vitro 
(3, 4). More recently, several pharmacological 
tests have been proposed for demonstrating a 
similar central antagonism (5, 6, 7). 
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One such method of evaluating central anti- 
serotonin action is based upon the finding that 
serotonin prolongs barbiturate h}'pnosis and that 
this action is suppressed by prior administration 
of certain serotonin antagonists. Those properties 
of serotonin and LSD have been demonstrated in 
mice, rats, and rabbits depressed by hexobarbital, 
thiopental, and thialbarbitone (7. 8, 9). 

The purpose of this study was to determine 
whether the results reported in animals receiving 
such thiobarbiturates could be reproduced when 
hypnosis was brought about by certain other 
types of central depressants, administered alone 
or in various combinations. 

METHODS AND MATERIALS 

Unfasted male Suiss albino mice from 18-25 Gm 
were used only once Animals were obtained from a 
single source and kept in the laboratory for at 
least tvo days prior to use, to avoid variation. All 
experiments were carried out during a four-veek 
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period in the spring of a single year. Room temper- 
ature was controlled at approximately 70° F. Thus, 
differences in sleeping time are not attributable to 
variation in the environmental temperature. 

Control groups were used in all experiments, 
each animal receiving an injection of saline solution 
equivalent to the volume of drug solutions employed. 
The criterion for duration of sleeping time was the 
time interval between loss and return of the righting 
reflex. Due to difficulty in determining a firm end 
point under some circumstances, animals were re- 
turned to their backs after apparently spontaneously 
righting and this was considered a true return of the 
reflex only when the animal righted itself again 
within thirty seconds. Standard errors of the mean 
sleeping times were calculated by the method of 
Miller and Tainter (10). 

All drugs were administered intraperitoneally in 
the form of freshb' prepared solutions. LSD was 
given in a dose of 10 mg /Kg. one hour before the 
depressants. Serotonin in a dose of 20 mg./Kg. as 
serotonin creatinine sulfate, was injected ten min- 
utes before the hypnotics. The depressants were 
administered in doses which produced a standard de- 
gree of central depression, the MED50. This was 
the dose required to produce hypnosis for a minimum 
specified period (thirty or sixty minutes) in half of 
the group of animals. For hexobarbital, and the 
lower dose levels of mephenesin and meprobamate, 
the MEDso is for thirty minutes; for butabarbital 
and the larger doses of mephenesin and meprobam- 
ate, the MEDso is for sixty minutes. The dosages 
for the combinations consisted of one-half MEDm 
of each barbiturate combined with mephenesin and 
meprobamate in amounts known to act synergis- 
tically with the barbiturates to produce an effect 
equal to that of one MEDso of each barbiturate. 

All these doses were derived from an investiga- 
tion of barbiturate-lissive synergism conducted pre- 
viously in this laboratory in accordance with the 
procedure of Gaddum (11), as employed by Berger 
and Lynes (12). As apparent from an inspection 
of the various doses in the tables: hexobarbital and 
mephenesin were additive, butabarbital and me- 
phenesin were incompletely additive, and mepro- 
bamate potentiated the depressant action of both 
barbiturates. 


RESULTS 

A characteristic sequence of behavioral changes 
was observed in all animals receiving LSD. The 
mice became agitated shortly after injection. This 
was manifested by continual movements of the head 
from side to side. Often the animals circled rapidly 
and restlessly about the cage. On other occasions 
this pattern, which was suggestive of searching, was 
replaced by one of apparent fear. The animals 
n-alked baclnvard in an oddly uncoordinated manner, 
and, when touched, they would react with strong 
almost convulsive escape activity. Bristling of the 
hair and reddening of the ears also occurred fre- 
quently. Such excitement began to diminish about 
thirty minutes afterward and had ceased entirely 
at the end of one hour, just prior to administration 
of the depressant. Frequently, the animals would 
now lie quietly in one position and offer little re- 
sistance to the subsequently administered injections. 


Serotonin administered by itself ten minutes be- 
fore the depressant did not produce loss of the 
righting reflex. It did, however, consistently cause 
a decrease in spontaneous activity. During this 
period of slight depression, the mice would lie 
quietb' in one position but were capable of moving 
when stimulated. 

The results of administration of the drugs alone 
and in various combinations are summarized in 
Tables I, 11, and III. The values stated refer to 
the mean sleeping times in minutes and the standard 
error. The figures in parentheses indicate the num- 
ber of animals used in each series. 

The results obtained with hexobarbital, LSD, and 
serotonin are essentially in accordance with those 
previouslj' reported in experiments of this type; 
that is, serotonin potentiated hj-pnosis produeed by 
the barbiturate and this action was partially sup- 
pressed by prior administration of LSD. LSD alone 
considerably reduced hexobarbital hj’pnosis, con- 
trary to one reported observation indicating that 
LSD by itself had no effect on barbiturate sleeping 
time (13). 

The results of the two mephenesin series were 
likewise in accordance with the results reported pre- 
viously for barbiturates, except that LSD completely 
counteracted serotonin potentiation of mephenesin 
hypnosis, reducing the duration of sleep to a point 
somewhat below that attained with mephenesin 
alone at both dose levels. 

With butabarbital and meprobamate, on the con- 
trary, the responses to LSD alone and to LSD com- 
binations were quite different from those reported 
for thiobarbiturates and those observed here with 
mephenesin. Pretreatment with LSD prolongs the 
duration of hypnosis produeed by these agents in a 
manner indistinguishable from the potentiating ef- 
fect of serotonin. Likewise, pretreatment with LSD 
does not significantly inhibit such serotonin poten- 
tiation of the central depressant action of these 
compounds. This is especially true in the ease of 
butabarbital, in which potentiation by LSD alone, 
serotonin alone, and combined LSD-serotonin is 
strikingly similar; with meprobamate some slight 
suppression of serotonin potentiation is apparent, 
but the duration of sleep is still nearly double that 
of the control group at the lower dose level. 

Responses of the animals receiving combinations 
of depressants after pretreatment with LSD and 
serotonin alone and in combination were compara- 
tively variable. However, the effects on duration 
of hypnosis appeared, generally, to be related to 
those which might be predicted in the light of the 
foregoing findings. That is, potentiation, and 
suppression of this response appeared to depend 
large!}' on the type of depressants employed to pro- 
duce the basic narcosis. Thus, for example, in 
animals treated with the hexobarbital-mephenesin 
combination, the effects after pretreatment were 
similar to those which had occurred when each of the 
depressants had been used separately. 

With butabarbital-meprobamate, which like hexo- 
barbital-mephcnesin is a combination of drugs pro- 
ducing essentially similar responses, the results were 
also largely as might have been predicted. Failure 
of serotonin to potentiate hypnosis significantly in 
this series is a notable exception. 
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Table I —Effects of Pretreatkent of Mice with LSD and Serotonin on Length of Hypnosis of 

Relatiitblv Short Duration 


Drug and Dose, 
mg /Kg 

Hexobarbital 100 
Mephenesin 320 
Meprobamate 240 

Depressant Alone, 
minutes 

28 0 ± 1.3 (50)“ 
28 0 ± 1 2 (43) 

44 9 ± 2 3 (30) 

Depressant plus 
LSD, 
minutes 

17.3 ± 1 0(10) 

16.3 ± 1 0(10) 
84 7 ± 5 3 UO) 

Depressant plus 
Serotonin, 
minutes 

53 2 ± 1 4 (19) 
42 1 ± 1 9 (20) 
97 5 ± 1 8 (20) 

Depressant plus LSD 
Plus Serotonin, 
minutes 

38 0 ± 2 4 (10) 
24 4 ± 1 3 (10) 
86 6 db 1 8(10) 

® The figufe^f in parentheses indicate the number of animals used 


Table II. — Effects of Pretreatment of Mice with LSD and Serotonin on Length of Hypnosis of 

Moderately' Long Duration 


Drug and Dose, 
mg /Kg 

Butabarbital 56 
Meprobamate 280 
Mephenesia 435 


Depressant Alone, 
miautes 

75 8 ± 2 7 (60)‘ 
70 8 ± 4 4 (38) 

76 7 ± 1 1 (30) 


Depressant plus 
LSD, minutes 

153 0 rt 7 7 (20) 
131 0 ± 7 5(10) 
45 1 ± 1 4 (10) 


Depressant plus 
Serotonin, 
minutes 

146 0 dr 5 5(19) 
127 6 ± 4 0(18) 
125 6 dr 1 7 (20) 


Depressant plus LSD 
plus Serotonin, 
minutes 

154 9 ± 7 7 (10) 
107 0 ± 3 6(10) 
46 9 ± 3 6 (10) 


" The figures m parentheses ludtcate the number of antmals used 


Table III. — Effects of Pretreatment op Mice with LSD and Serotonin on Length of Hy'pnosis 

Produced by Combined Depressants 


Drug Comhmatiod 
and Doses, 
mg /Kg 

He.\obarbital 50; 

Mephenesia 160 
Hexobarbital 50; 

Meprobamate 72 
Butabarbital 28; 

Mephenesin 300 
Butabarbital 28; 
Meprobamate 67 


Depressant Alone, 
minutes 


Depressant plus 
LSD, 
minutes 


Depressant plus 
Serotonin, 
minutes 


Depressant plus LSD 
plus Serotonin, 
minutes 


27 8 ± 1 5 (30)“ 
22 3 ± 0 9 (30) 
62 6 ± 2 2 (30) 
58 9 ± 1 1 (30) 


23 2 ± 1 0 (10) 
34 3 ± 2 6 (10) 
53 7 ± 2 9 (20) 
91 2 ± 3 7(10) 


64 0 ± 3 7 (20) 
34 6 ± 3 3 (20) 

158 0 dh 5 6 (20) 

65 4 ± 2 7 (20) 


27 0 ± 1 9 (10) 
25 0 ± 1 6 (10) 
82 6 ± 4 2 (10) 
118 0 ± 7 5(10) 


“ The figures in parentheses indicate the number of animals used. 


In the series in which combinations of differently 
acting depressants were used, the data are most 
variable. However, this could be expected, due to 
the different responses elicited by each drug admin- 
istered alone after LSD and serotonin pretreatments. 
Generally, the duration of sleeping time tended to be 
influenced by the predominant drug in each mixture 
Thus, for e.\ample, the partial suppression by LSD of 
serotonin potentiation of hypnosis in both series may 
be due to the predominance in each case of tlie drug, 
which, when used alone, elicits a similar response. 
In the he.\'obarbital-meprobamate combination, this 
is the barbiturate; in the butabarbital-raephenesin 
combination, the effects of the latter drug predom- 
inate. In each combination, the drug e.xerting the 
more influential effect is the one which is present as a 
greater fraction of its MED,e, and which, adminis- 
tered alone, would cause a longer depression. 

discussion 

Despite a paucity of direct evidence tliat serotonin 
takes part in normal brain function at all, it has 
been suggested that an abnormality in central sero- 
tonin function may be the basis of certain mental 
disturbances (14-16) According to these views, 
mental illness may be the result of a metabolic 
function rcsnlting in the development of either a 
functional deficiency or excess of serotonin at the 
central sites at which it performs certain postulated 
pliy.siological functions 

Because of the remarkable potency of LSD in 


producing symptoms similar to some seen in schizo- 
phrenia and its antagonism of certain peripheral 
effects of serotonin this synthetic ergot alkaloid and 
its congeners have been widely employed as pharmaco- 
logical tools in the investigation of these various 
working hypotheses (6, 7, 17). Data obtained in 
such studies, while often meager and indirect, have 
been interpreted in terms that favor one or another 
of the current biochemical concepts of mental dis- 
order. 

While we are unwilling to attempt an interpreta- 
tion of our own equally indirect results in terms of 
the comple.v problem of whether serotonin plays a 
part in normal and abnormal mental processes, it 
may be profitable to consider the data in relation to 
the more limited problem of whether the psychologi- 
cal effects of LSD are related to a cential interac- 
tion with serotonin, as has been suggested 

Data, such as those reported here for he.xobarbitaI- 
serotonin-LSD interactions, have been offered as 
evidence for the concept that LSD suppressed some 
central action of serotonin (7) It has been sug- 
gested that such suppression of serotonin potentia- 
tion of hexabarbital hypnosis is the result of replace- 
ment of serotonin and its action at receptors by 
I^D (13) The fact that LSD by itself had little 
effect on hypnosis produced by the barbiturate has 
been explained in terms of the antimetabolite con- 
cept That is, LSD, a structural analog of sero- 
tonin, is believed to act as an antiserotonin, be- 
cause it is sufficiently close to serotonin in chemical 
configuration to combine with its receptors without. 
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hoi\e\er, being able to fulfill the ph) siological role 
of the hormone (1, 5, 15, 16) 

Hone\er, this concept of a central antagonism 
betiicen LSD and serotonin is not borne out by the 
results of our experiments, in uhich butabarbital 
and meprobamate, rather than hexobarbital, are 
the basic depressants Here, not only does LSD 
fail to reverse serotonin potentiation of hjpnosis, 
but LSD bj Itself prolongs the duration of h 5 'pnosis 
to an extent at least equal to the effect of serotonin 
alone on the action of these depressants Thus, m 
these experiments, LSD appears to produce a sero 
tomnhke” response This maj mean that LSD acts, 
not bj creating a functional deficiencj of serotonin, 
but an excess 

The vieu that LSD max mimic the action of sero 
tomn rather than compete x\ ith it is supported bj a 
number of other observations m xvhich LSD had an 
effect similar to that of serotonin (18) Depending 
upon the test object and concentration of LSD em 
ploj ed, both antiserotonm and 'erotoninhke results 
haxe been reported Woolej and Shaxv (18) have 
attempted to account for these actions bj suggesting 
that serotonin receptors are not all alike but varj 
L om tissue to tissue LSD maj then be pictured as 
fitting some of these receptors well enough, not onlj 
to block the effects of serotonin, but to itself induce 
a serotoninhke effect 

Our data especiallj for the butabarbital series, 
offer some support for this concept of LSD combm 
mg with serotonin receptors well enough to act like 
the hormone itself There is little difference in the 
degree to which LSD alone and serotonin alone 
potentiate butabarbital hj pnosis Furthermore, 
pretreatment xvith both LSD and serotonin produces 
a potentiation of butabarbital hj pnosis that differs 
verx little from that caused bj pretreatment with 
either substance alone This failure of serotonin to 
increase duration of butabarbital sleep bej ond that 
brought about bj LSD alone max mean that the 
hormone cannot combine with receptors ahead} 
occupied b} LSD 

While the antimetabohte theor} ma} be invoked 
to account for both the antiserotonm and serotonin 
like actions of LSD in the=e experiments, one crucial 
question remains unanswered What properties of 
the drugs themselves account for the differences in 
their interactions with LSD and 'erotonm^ 

One propertx xxhich must be considered is the 
difference in duration of action of these depressants 
Because butabarbital and meprobamate are classi 
fied as relatixelx long in action compared to hexo 
barbital and mephenesin, it might be argued that 
the difference m response to the two groups after 
LSD pretreatment max be due to a temporal factor 
Thus, for example, earlx LSD stimulation might be 
followed bx a late depressant action xxhich would 
sxnergize with that of the longer acting drugs, with 
the short acting compounds, on the other hand, re 
cox erx could occur before this del ix cd depressant 
action of LSD dex eloped 

That such a temporal relationship is not inxolved, 
howexer, is indicated bx the results of a number of 
experiments where LSD and the barbiturates were 
administered simultaneouslx The effects of LSD 


on the duration of hx pnosis w ere nearl} identic il 
with those produced when it was given one hour 
prior to the barbiturate, hexobarbital sleeping tune 
was reduced and butabarbital h} pnosis nearl} 
doubled 

Exadence that the differences m the interactions 
of the depressants xxith LSD are independent of the 
duration of action of the drugs is also seen in the 
results of the mephenesin series Mephenesin, 
whether emplo}ed m doses that cause sleep of long 
or short duration, produces a characteristic response 
quite different from that of butabarbital and mepro 
bamate, xvhen all three drug= are given in equipotent 
doses m animals pretreated xxith LSD and serotonin 
(Table II) 

Differences in interactions of different drugs with 
LSD and serotonin might also be accounted for in 
terms of their var} mg sites and mechanisms of ac 
tion Thus, the response to a drug acting at cells 
possessing one t} pe of serotonin receptor might w ell 
be different from that of a drug acting at sites con 
taming receptors responsive to both serotonin and 
LSD Or certain drugs, such as butabarbital and 
meprobamate, might act to sensitize serotonin re- 
ceptors or otherwise change the conditions there, 
with the result that previousl} inactive LSD might 
be activated and produce a serotoninhke effect 
However, the results obtained here do not support 
such speculation, at least not m the present state of 
knowledge of the sites of action of these drugs On 
the contrar} , it is notew orthy that differences in 
interaction xxith LSD and serotonin occur between 
drugs of the same general classifications 

While the observations reported here are not read 
ily explained m terms of current concepts of central 
serotonin function, they appear to reduce the plausi 
bihty of the idea that the psychological effects of 
LSD result from a simple antagonism between it and 
serotonin, such as seems to occur peripheral!} in 
vitro 
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Prediction of Stability in Pharmaceutical 
Preparations* V* 

The Solution Degradation of the Antibiotic Streptovaricin^ 

By EDWARD R. GARRETT 


The prediction of stability and pharmaceutical formulation of compounds of un- 
known structure are especially important in the antibiotic age. The kinetics of 
solution degradation of the antibiotic complex of the structurally unknown strepto- 
varicins are studied spectrophotometrically and equations obtained to characterize 
degradation as a function of pH. Bioassay has been correlated with spectra and 
conditions given for maximum stabilit>’ of assay standards and prese^’ation of 
yield. A mechanism is proposed that accounts for the available data and predicts 
the properties of degradation intermediates. The application of an analog com- 
puter to kinetic interpretation is given. Kinetic conditions for the differential as- 
say of streptovaricin C were derived. 


'^HERE IS a need in pharmacy to study the 
changes in structures of molecules of unknown 
structure. 

This apparentlj' contradictory circumstance 
has become more evident with the advent of the 
antibiotic age. The application, efficacy, and 
toxicity of an antibiotic or antibiotic complex is 
frequently w’ell known before the components can 
be separated, purified, individually characterized, 
and structures assigned. Pharmacy is often 
called upon to apply its unique talents in formu- 
lation and stabilization before the assignment of 
structure, perhaps even before ultimate purifica- 
tion. 

The stability of materials must be known for 
the establishment of treatment of assay stand- 
ards and for the preparation of samples to be sub- 
mitted for clinical evaluation. Yet no know- 
how may he available as to what part of the mole- 
cule is hydrolyzed, pyrolyzed, or photolyzed; or 
how such degradations may be easily and quan- 
titatively followed. 

In general, the primary criteria of efficacy for 
compounds with such histories w'ill be bioassays. 
However, bioassays as criteria of stability in- 
volve considerable expense, large error, and spe- 
cial isolation techniques that are frequently te- 
dious and complex. 

Prediction of stability and design of formula- 
tions maybe based on sludiesof the rates of change 
of some physicochemical characteristic. Correla- 
tion of changes in the physicochemical properties 
with the changes in the bioassays may serve as a 

* Received August 1. 195S, from The Research Division. 
Tile Upionn Co . Kalamazoo. Mich 

Tile author is greatly indebted to Mrs Lillian G Snyder 
tor excellent technical assistance, to Dr. \V T. ^kolski and 
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computer 

' See reference (1) for prior paper in this scries 
The trade name of The Upjohn Co. for the antimicrobial 
strepinvaricm is Dalacin. 


valid argument for the use of the former. An ob- 
vious disadvantage is that variation in the latter 
may not necessarily reflect in the former although 
the converse is not probable. 

Obvious advantages are that such physicochemi- 
cal studies will be easy to conduct, less expensive, 
can lead to prediction of the conditions that affect 
degradation and provide information on the prop- 
erties of the intermediates and products. These 
facts can contribute to process design for maxi- 
mum yield, the achievement of stable standards, 
and the least degrading assay' conditions. 

Examples of the application of such a philoso- 
phy ivere the stability studies on the antibiotic 
fumagillin (2, 3, 4). 

The antibiotic complex of tlie streptovaricins of 
unknown structure is a good case in point. The 
complex is of particular interest because of its high 
antitubercular activity (5, 0, 7), yet it is a complex 
of closely' related antibiotics with no apparently 
distinguishable ultraviolet spectra and only 
slightly variable infrared spectral differences (S). 
The streptovaricin complex consists of at least 
five components, A, B, C, D, and E (5, 8), sep- 
arable by the tedious processes of paper chroma- 
tography' (9) and countercurrent extraction (8). 

This paper reports on studies designed to deter- 
mine the total and comparative stabilities of the 
streptovaricin components as a function of pH, to 
predict the nature of the intermediates or prod- 
ucts of degradation from the physicochemical 
changes, to provide clues for easier separation or 
easier assay* by differential degradation, and to 
predict the conditions for maximum stability in 
solution. 

EXPERIMENTAL 

Four components of the streptovaricin complax, 
i.c.. A, B, C, and D. were isolated by chromato- 
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graphic column and subsequent Craig countercur 
rent distribution according to the procedure of Herr, 
cl at (S) The compounds used Mere prepared b\ 
these authors 

The general procedure for the ultras lolet spectro 
photometric studies on the solution degradation of 
the streptoi aricins nas to ueigli out the necessar\ 
amount of material (80 mg) and take up to \olume 
m a 500 ml \olumetric flask iiitli absolute ethanol 
maintained m a 30 3° constant temperature bath 
Tor each buffer solution, 25 ml of the ethanolic solu 
tion M as pipetted into a 100 ml \ olumetnc flask and 
brought up to t olume n ith the appropriate buffer, 
preMoush equilibrated at the constant temperature 
The final concentration w as 40 ng /ml in the strep to 
\ ancm and the final buffer concentration is gu en in 
Table I 

The resultant solutions uere run at various inter 
V als on the Carj recording ultrav lolet spectropho 
tometer. Model 11, against a 25% ethanol buffer 
blank made up at the same time as the streptovari 
cm solutions 

The pH values vvere checked immediatelv and at 
intervals on a Cambridge pH meter, equipped with 
glass saturated calomel electrodes The pH values 
were consistent throughout the runs and averages 
are giv cn m Table 1 

Spectrophotometric readings were also made on 
the streptov ancm solutions in absolute ethanol and 
on nitrogen purged, buffered aqueous ethanolic solu 
tions No significant spectral change was observed 
in the former case and nitrogen purging had no re 
tarding effects on the degradation rates in the latter 
case 

Matenal submitted for bioassai against S luica 
(9 10 11) was diluted to the appropriate concentra 
tion range When the degradation w as in the highlv 
alkaline or acidic regions the samples taken for bio 
assav w ere immediatelv neutralized so as to stabilize 
the streptov aricins submitted 

In order to studj the effects of van mg salt con 
centrations and check the possibilities of general 
acid-base catalv sis the pH w as maintained constant 
but the acetate acetic acid buffer concentration was 
varied (See Trials 11, 12, and 13 in Table I) Ho 
significant change m degradation rate was observed 


RESULTS 

Streptovancin C Pegradation as Charactenzed 
by the 432 and 316 m/j Chromophores — The ultra 
violet spectra of streptovancin are given bv Curve 
A, Tig 1 Thespectraareindepcndentof pH within 
tlie range 1 0-9 0 Rcpresentativ e w av elengths 
characteristic of the spectrum are the 432 in/i mavi 
mum, 316 mu pHteau, the shoulder mavimum at 
263 rap, and the major maximum at 244 5 mu 

Within the pH range 1 0-9 0, the absorptivitv at 
the 432 mu maximum decreases with time to an 
asv mptotic v alue at apparentlv the same rate as does 
the absorptivitv at the 316 mu plateau The rate 
constants of the apparent first order degradation 
mav be determined bv application of the expression 
to the absorbance 

log( i - 4„) = -H/2 303 -u log( L - .1 = ) 

(Eq 1) 

where Jo IS 0 600 at 432 mu and 0 615 at 316 mu and 



Fig 1 — The ultraviolet spectra of streptovancin 
C and degradation products Curve A — all strep 
tovaricms, Curve B — first product of degradation 
in acid solution, i e , streptovancin C' m 0 1 M 
HCl, Curve C — final product of acid degradation 
and acidified neutral degraded material, i e , 
streptovancin C" in 0 1 il/ HCl solution , Curve D — 
final product of neutral degradation and neutralized 
acid degraded material, i e , streptov ancm C' at 
pH 7 4 


where J „ is 0 100 at 432 mu and 0 320 at 316 inu 
for 40 ug streptov’aricm C per ml of 25% ethanol 
The given A ,, at316muis onlj valid abov e pH 2 00 
The absorbance, J , is at a time, t 
Apparent first order plots in accordance with Eq 
1 for absorbance changes at 432 mu at representative 
pH values are given in Fig 2 The estimated rate 
constants {k m sec ~‘) are given m Table I and a plot 
of log k vs observed or actual pH is given in Fig 3 
r igure 3 clearl j show s that the rate of degradation of 
streptovancin C as charactenzed by the 432 mu 
chromopliorc disappearance is hj drogen ion depend- 
ent below pH 3 and a good estimate of the rate (1: 
in sec below pH 3 is 

log k = -pH - 3 400 (Eq 2) 

Thus, the apparent mechanism of degradation of 
streptovancin C from 432 and 316 mu observation is 


k„ + [//+] 

C » C 


(Eq 3) 


where the absorptiv ities of C are a«i = 15,000, 
a-ne = 15,600, and of C' are a'u- = 2,590, a'w — 
8,000 

If the data on varying HCl molantv is considered 
(trials 1-7, Table I), then 

k = 327 -f 11 8 10-’ (Eq 1) 


This implies that a "water” or spontaneous reaction 
rate constant, ko, is 1 1 8 10“’ sec which is cliarac 
terized bv the horizontal solid line m Fig 3 The in 
creased rate abov e this solid line abov c pH 7 could 
be .ittribiited to some hv droxv 1 ion .ittack, the lower 
rate at pH 3 25 is difficult to interpret and m i> or 
mav not be real The asv mptotic value at 316 mu 
appears to be a minor function of the pH of degrada 
tion and/or the pH of the media (see Curves C and V 
in Fig 1) Since a mean J„ wasassumed conshuit 
for this wavelength, less emphasis should be placed 
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Table I — Apparent First Order Rate Constants (jt in sec for the Loss of the 432 and 3IG nift 

Chromophores of Streptovaricin C 





• JO k (sec 



Trial 

pH 

Buffer Composition 

t32 mp 

3IG m/i 

1 

1 19 

0 075 M HCl 

243 


2 

1 30 

0 060 M HCl 

207 


3 

1 47 

0 040 j1/ HCl 

144 


4 

1 77 

0 020 M HCl 

77 S 


5 

2 04 

0 010 2/ HCl 

44 2 


6 

1 12 

0 0375 jU KCI, 0 07S3 A/ HCl 

258 

119 


1 97 

0 376 jV KCI. 0 0125 M HCl 

48 2 

30 7 

8 

2 73 

0 427 i/ CHsCOOH 

9 80 

7 57 

9 

3 24 

0 0427 AI CHaCOOH 

5 60 

4 65 

10 

4 38 

0 1000 M CHjCOOH, 0 025 AI CHjCOONa 

10 5 

10 8 

11 

4 99 

0 0264 M CHjCOOH, 0 02425 AI CHsCOONa 

12 8 

14 3 

12 

4 99 

0 0532 AI CHsCOOH. 0 0500 AI CKjCOONa 

13 5 

15 7 

13 

4 98 

0 1063 AI CHjCOOH, 0 1000 AI CH,COONa 

12 8 

14 7 

14 

5 33 

0 123 M CHsCOOH, 0 4000 M CHsCOONa 

12 3 

13 2 

15 

5 41 

0 0244 AI CHaCOOH, 0 0628 AI CH,COOKa 

13 1 

14 4 

16 

5 88 

0 0210 AI CHaCOOH, 0 2000 M CHaCOONa 

8-12 

10 0 

17 

6 22 

0 0030 AI CHaCOOH. 0 0628 j 1/ CHaCOONa 

10-12 

9 96 

18 

7 42 

0 0948 AI KH^POa. 0 0568 AI NaOH 

15 1 

9 19 

19 

8 57 

0 0777 11/ KHjPOa, 0 0745 AI NaOH 

15-19 

11 6 

20 

7 08 

43 8% ethanol, no buffer 

4 21 

4 51 


** At 40 pg /ml in 25% ethanol at 30 3® 



On the reliability of the rate constants calculated at 
310 mil Comparison of rates of degradation of ni- 
trogen purged and iionpurged solutions showed no 
differences This indicates that air ovidative proc- 
esses under these conditions \i ere not responsible 
Streptovaricin C Degradation Characterized by 
Lower Wavelength Chromophores, — Streptovari- 
cin C at low pH values shon s an increase and then a 
subsequent decrease in absorbance at the low wavc- 
Icngths, i c , at 215 iipi and 263 mn The rate of in- 
crease at 215 nia corresponds to the rate of decrease 



ACTUAL pH 


Fig 3 — The pH profile of the degradation rates 
of streptovaricin C based on the 432 m/i absorbance 
disappearance in 25% ethanol at 30 3°. 

at 432 m/i Figure 4 graphically shows this to be so 
in that the apparent ina\imum at 235 m/i correlates 
with the maximum loss in absorptivity at 432 mu 
for pH values below 3. 

The spectra of acid degraded streptovaricin C at 
approximately the time that the maximum absorb- 
ance was reached at 245 mp is shown in Fig. 1 , Curve 
B and in Fig 5, Curve A, The latter was obtained 
after twenty hours at 30° in 0.075 Jlf HCl in 25% 
ethanol at 40 pg /ml The absorbance is at 12 6 
Fg /ml in 25%, ethanol at pH 0.8 This may be an 
isolable intermediate, C', where the incruised nb- 
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FIGURE 4 

Fig 4 — Demonstration of the correspondence in 
time of the absorbance, increase to a ma\imum 
at 245 mfi and the absorbance, A^r, decrease to a 
minimum at 432 m^i of streptovaricm C at 40 
fig /ml 25% ethanol at 30 3 ° Cur\c A — pH 
112 Cur\e B — pH 147, Cur\e C — pH 2 04, 
Curs e D — pH 3 24 

sorbance at 245 mp ss ashes out the still present sub 
sidiarj maximum at 263 ni/i The latter absorption 
in Fig 1, Curse B, does not appear to be significantlj 
altered in intrinsic intensit) bs tlie transformation 
The intermediate, C', exhibited a decrease in ab 
sorbance of the 244 5 mn ss hen adjusted to pH s-alues 
in excess of 2 5 Curs e A, Fig 5, is not onh the 
spectra of C but of C obtained from neutral degra 
dations adjusted to pH s alucs of 1 2 and 2 4 Curve 
B, Fig 5, IS the spectra of C adjusted to pH 4 33 
sshereas Curse C is adjusted to pH’s of 5 40, 6 05. 
7 39 and 8 24 bs sodium hjdroxide and acetate 
buffers Curs e V is also the result ss hen these latter 
solutions are acidified ss ith HCl to obtain the original 
acid conditions 

These facts permit the conclusion that the acid deg 
radation to C' has produced a structure ssitli chro 
mophonc enhancement at 245 mn and chromophoric 
loss at 432 mu The base acid res ersibilits of the C' 
chroraophore changes at 245 mn can be attributed to 
a C' functional group of pKa CO 4 

The intermediate, C, hossescr, exhibited a dc 
crease in the 245 mji absorbance and increases in 263 
mti and 360 mu absorbances, as ss ell as a s isible color 
sshen adjusted to pH salues in excess of 10 The 
color cleared on reacidification, but the 245 ma ab 
sorbance ssas slightls higher than its original salue 
This indicates a pH susceptible group in C of 
pKa CO lOsshich.inpart. isirrescrsibls affected 
The subsequent decrease in absorbance at 245 
imi after the maximum absorbance (corresponding to 



Fig 5 — Base acid reversible spectra of strepto 
varicin C', an intermediate in streptovaricm C acid 
degradation Curve A — streptovaricm C' and 
reacidified neutralized and buffeied C', Curve B — 
C from acid degradation adjusted to pH 4 33 
Curxe C — C from acid degradation adjusted to pH 
values of 5 4, 6 1, 7 4, and 8 2 

C') at losv pH values tends to give a final product 
(Curve C in Fig 1) svith a slight maximum at 263 
m /1 This absorbance decrease is apparently subse 
quent to the elimination of the 432 m/i chromophorc 
and. as mil be shown later, is subsequent to the de 
struction of the bioactivitj Figure 6 shows the 
absorbance at 245 m/i against time as a function of 
pH of degradation The absorbance of the maxim i 
IS less when the reaction is studied at higher pH val 
ucs Aboxe pH 4 no maximum is observable in 
such plots 

The spectra of completelj degraded C docs ap 
proacli asjmptotic values In the neutral pH re 
gion the asjmptotic spectra has a mild maximum at 
237 m /1 (See Curse D in Tig 1) When acidified, 
this mild maximum is lost but one is gamed at 203 
m /1 which \er\ closelj approximates the asjmptotic 
spectra of acid degraded C (See Curve Cm Tig 1) 
Converseh, acid degraded materials (Curve C) when 
neutralized ha\e spectra closelj approximating tlic 
asxmptotic spectra of neutral degraded material 
(Curxe Dm Tig 1) The\ are not exactlj superim 
posable but the major chromophores are retained 

Chromophoric Degradation of Streptovancins 
A, B, C, and D. — The ultraviolet spectra of unde 
graded streptovaricm C is independent of pH and 
the spectra of all streptovancins are similar except 
for a small displacement in absorptivitj which 
could be attributed to slight impunties 

The rates of degradation of streptovancins A B, 
C, and D were compared at pH 1 1 .and 8 5 .is mc'is 
ured at 245, 260, 316, and 4 32 ni/i, all .it 30 3° .it 
40 //g /ml and m 25% ethanol 

At pH 1 1, the previouslj discussed initial in 
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Fig. 6. — Plot of the absorbance at 244.5 of 
streptovaricin C with time at various pH values. 
Curve A — pH 1.12; Curve B. — pH 1.97; Curve 
C.— pH 3.24; Curve D.— pH 4.38. 



Fig. 7. — Spectral absorbance increase to a maxi- 
mum with time at 244 5 nip for various streptovari- 
cins at pH 1.2 in 25% ethanol with HCI-KCl buffer. 


crease and subsequent decrease in absorbance at 
244.5 mp and 260 tnp were noted. Except for the 
expected vertical displacement, the plots of s rr. 
time for the various streptovaricins were parallel 
(See Fig. 7). The first order plots of 432 and 316 
mp absorbance disappearance showed no gross differ- 
ence in rate (See Fig. 8) except for a slightly faster 
degradation rate for streptovaricin D. 

At pH 8.5, the same conclusions of similar chro- 
mophoric degradation could be made. 

Correlation of Bioactivity and Chromophore Deg- 
radations. — ^The concentration of degrading strep- 
tovaricin, [5], in 25% ethanol may be computed 
from the absorbance at any time (At) at 432 mp, the 
initial absorbance (Ao) of the initial concentration of 
streptovaricin, [5]o, and the asymptotic absorbance 
(j 4„) of the degradation product S' where [5'J„ 

[5] = (Eq 5) 

fl — G 

where a — Ao/[S]o is theabsorptivitv'of the strepto- 
varicin and o' = Aa,/[S]t> is the absorptivity of the 
final product [5'Jo:,. For streptovaricin C, a — 
15,000; fl' =2,500 at 432 mp. 

Streptovaricins in Acid. — The streptovaricin C 
concentration degraded in 0.075 il/ HCl and as cal- 
culated from Eq. 5 at 432 mp is plotted against the 
bioassay results in Fig. 9. The correlation, in gen- 




Fig. 8. — Pseudo first order plots of spectral ab- 
sorbance changes at 316 mp and 432 mp for various 
streptovaricins at pH 1.2 in 25% ethanol with HCl- 
KCl buffer. 
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cral, IS good The aliquots submitted for bioassaN 
Mere adjusted to pH 3-4 after sampling since degra 
dation rate appeared to be louest in this pH range 
Similar correlations Mere possible for strepto\ari 
cms A and B Mhen these Mere subjected to acid deg- 
radation, 1 e , at pH 1 0 HoMeier, streptoi aricin 
D demonstrated a faster decrease m 432 nifi chromo 
phore than in apparent activ it\ 

Streptovancins at Neutral pH — Streptoi aricin 
C degradation at pH 5 00 (Fig 10) and similarly at 
pH 8 5 shoM ed good correlation of bioactivitv m ith 
concentration calculated from the 432 m^i chromo 
phore At pH 8 5, hoM ever, the other streptovari 



Fig 9 — Correlation of strepto^aricm C concen 
tration in 25% ethanol calculated from 432 m/i ab 
sorbance and concentration based on bioassaj The 
samples Merc taken at \arious times in 0 075 M HCl 
and adjusted to pH 4 on sampling The line reprc 
scnts the theoretical relation 



Fig 10 — Correlation of streptoi aricm C concen- 
tration in 25% ethanol calculated from 432 mu ab 
sorbance and concentration based on bioassa\ 
The samples were taken at aarious times in pH 
5 0 acetate acetic acid buffer The solid line reprc 
sents the theoretical relation 


cms acted anomalously and shoM ed gross deteriora 
tion in bioactii ity for little change in spectra, com 
pleteh losing their potency by bioassay Mithin a 
maximum of eight hours, nhereas streptoi aricin C 
onh lost 6% as calculated from the rate constants of 
Table I 

Streptovancins in Alkali. — Degradation of strep 
to\ aricin C m 0 01 M to 0 06 AI NaOH results in a 
definite portion of the initial absorbance being de 
stroy ed almost instantaneously , ca 40% at 244 5 
and 263 mp, and cfl 20% at 316 and 432 inji There 
after, the change in absorbance is extremely sIom 

The studies of change in bioassay of streptovari 
cms A, B, C, and D in 0 01 11/ NaOH m ere conducted 
by neutralizing an aliquot m ith 0 01 3/ HCl and buf- 
fering at pH 3 The biological activity' was com 
pletelx gone Mithin fifteen minutes The estimated 
half life of this activity m as fix e minutes at this alka 
linity 


DISCUSSION 

Possible Mechanism to Eiiplain Streptovaricin C 
Degradation — A postulated reaction sequence m ith 
equilibria that fit the results from the spectrophoto- 
metrie studies of the acid and neutral degradation of 
streptovaricin C are 


1 

f C'l 1 

k = 4- k,, 

C > 


-H+ 


1 C 

t 


(Eq 6) 

yyhere the evaluated constants for k are given in Eq 
4 and C = C'l + C'. 

This scheme was substantiated by the following 
kinetic treatment of the experimental data 

A series of degradation studies of 40 ng streptov ar 
icin C per ml of 25% ethanol were conducted by' fol 
lowing the absorbance changes with time at 245 inp 
These data which included the examples given in Fig 
6 M ere analy zed by determining the first order rate, 
k', of approach to an asy mptotic absorbance after 
the appearance of the maximum absorbance at this 
uayclength, i e , for the postulated C — ► C' trans 
formation A value for 1 0 for A a was reasonably 
constant for all studies and the k ' m sec were dc 
tcrmincd from plots of log (A — A vs time as per 
Eq 1 The k' values so determined arc listed m 
Table II as well as the k values determined from the 
complete loss of the 432 inji chromophore iii the same 
study The rate constant k in sec for the postu 
lated C — C' transformation is also considered as 
the rate constant characterizing the appearance of 
the 245 mil maximum observed at the lower pH val 
ucs since the parallelism of the two spectral changes 
with time was so apparent 

The total absorbance, Ai at 245 mp at any tunc 
IS made up of the contributions from the noiide 
graded streptovaricin C, the intermediate C' either 
m the protonated form, C'l, or the noiiprotomted 
form C'- and the final product C as based on Eq 6 
Also, where (C)o is the initial conccntr.ition of strep 
toy aricm C 

[CU = [Cl 4- [C'l + [C'l (Eq 7.1) 
[C'l = [Ci'l 4- [C-'l (Eq 7b) 
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The respective absorptivities are a, a', o^, o's. and 
a" so that 

A, A + A' + A" (Eq. 8a) 


A' = a.'fCt'J + a,'lCA} 


(Eq. 8b) 
(Eq. 9) 


If the equilibrium between C'l and C's is hydrogen 
ion dependent, then 

[C/l = [C.'lA'Vl-fC-"! (Eq. 10) 


Thus, substitution of Eq. 10 into Eqs. 7b, and 
9 and division of Eq. 9 bj' 7b result in an equation 
for the apparent absorptivity, n^, of C ; 


a' = A'/lC'j 


a,' + 

1 + K’/[H-^} 


(Eq. 11) 


U follows that, at high pH or low [77+ ], 

a' a,'[77+]/A' + a/ (Eq. 12) 

and that, at low pH or high (H+1. 

a' — fli' + a,K7{ff*! -* n/ (Eq. 13) 

so that the apparent absorptivity, o', varies between 
ui' and o/ and at equivalent amounts of C,' and 
Q' where, in general, [H+J = A' from Eq. 10, then 

a' = (oi' + 030/2; [77+] = K' (Bq. 14) 

The absorptivities of Cand C can be determined 
from the initial and final spectral absorbances at 245 
mp, i, e., <i 3 w *= do/[Cl<j =“ 46,000 and a 2 « ^ 
An/lCU = 26,000. The /I and yfe' values for a given 
pH are also known since the former is the pseudo 
first order rate constant for the disappearance of the 
432 mp maximum and equivalent to the rate of ap- 
pearance of the 245 mp maximum absorbance which 
appears as an intermediate in that cliroraophorc’s 
change with time. 

The curves of 245 mp absorbance against time as 
given in Fig. 6 can be fitted by an electrical analog 
wherein the model is based on Eqs. 6-9. The po- 
tentiometer settings to give the best fit can be trans- 
lated into k, k', a, a', and a’ values. The results of 
this curve fitting by the use of an analog computer 
ate given in Table II. 

Since the manipulation of one potentiometer set- 
ting necessitated changes in all the otliers, this fitting 
was not an easy procedure. Thus, the striking cor- 
relation in Tabic I of the analogously computed esti- 


mates of k (the rate constant for the appearance of 
C' as a maximum absorbance at 245 mp) and those 
determined graphically from the pseudo first order 
decrease of the absorbance at 432 mp (see Fig. 2) is 
considered to be highly significant. The analogously 
computed estimates of k' (rate of appearance of C 
as an asymptotic value at 245 mp) and those deter- 
mined graphically from the pseudo first order de- 
crease of the 245 mp maximum are also highly com- 
parable. . 

It is concluded that the mechanism proposed m 
Eq. 6 is consistent with the experimental data. The 
analogously computed estimates of the absorptivities 
a, o', and a" are also given in Table 11. The n and 
0 + values are constant with change in pH, indicative 
of the absence of any functional groups affected by 
pH, and interacting with the chromophores. The o ' 
values are not constant, indicative of the converse 
situation. They range from a value of 80,000 at pH 
1.0 to 44,000 at pH values in excess of 6. Thus the 
o'j absorptivity may be assigned to the former nu- 
merical value and 02 ' to the latter. The pKa of the C 
functional group may be estimated by Eq. 14 as ca. 
3.5. This value is consistent with the pKa previously 
estimated from the reversible 245 mp absorbance 
changes of the solution of the C intermediate. 

Applications of Results of Kinetic Studies. — The 
results of these studies have great pharmaceutical 
utility. Below a pH of 7, the absorbance at tlie 432 
mp chromophore can be used as a valid estimate for 
the biological potency of streptovaricin, [5], by the 
expression 


15 } 


A - a'(5). _ A - 2,500[5J„ 
A - o' ~ 12,500 


(Eq. 15) 


where [S]o is the initial concentration in grams/liter 
and A is the absorbance at 432 mp. Since- the ab- 
sorbance of the 432 mp chromophore of streptovari- 
cin C can be so correlated with the loss in biological 
activity below a pH of 9, the kinetic studies of the 
former can be used to calculate streptovaricin C sta- 
bility at any pH (—log [77+]) below 9 at 30.3®. The 
appropriate equation is 

log (fraction of potency remaining) = — ^//2.303 

(Eq. 10) 


where k in 25% ethanol is given by Eq. 4. 

Estimates of retention of potency in the stomach 
are possible. If pH values are assumed for the stom- 
ach, the half-life of streptovaricin C in the stomach is 
less than si.x hours for pH 1.0 and less than forty- 


Tadle II.— .^eparent First Order Rate Constants (in sec."‘) and Estimates of Absorptivity at 
244.5 mp FOR the Degradation of Streptovaricin C~* C' C" 


pH 

Analog Computer Estimates of 
Absorptivity 

Analog Computer Estimates 
lO^it 10*/:' 

First Order Plots 

1.12 

46 

SO 

25 

160 

25 

260 

18 

1 97 

46 

74 

26.5 

53 

12.5 

48 

9.8 

2.73 

47 

62 

27 

16 

3. 7 

9.8 

3.2 

4.38 

46 

48 

26 

27 


10,5 

3.9 

5.41 

45 

45 

26 

17 


13 

5.5 

6.22 

46 

44 

26 

17 


12 

5,7 

7.42 

46 

39 

29 

24 


15 

7.4 

8.57 

46 

44 

26 

17 


17 

6.5 


** Absorptivity of C. ^ Absorptivity of C\ v Absorptivity of C- *f Based on first’order plots of absorbance disappear- 
ance at -ISC pip. ' Based on firstKirdcr approach to final asymptote at 241. o mn. 
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three hours for pH 2 The effect of alcohol content, 
in general, is to decrease hydrolysis rates as is shown 
in the shift of k in sec from 12 X 10“’ to 4 5 X 
10“’ for an increase in alcohol content from 25% to 
44% (see Table I) It may be concluded that sig- 
nificant loss of streptovaricin potency will occur in 
gastric contents below pH 1 5 if the stomach empty- 
ing time is assumed to be four hours 

It is obviously mandatory to refrigerate or freeze 
standard solutions and to extract or assay solutions 
in minimum time since the half-hfe of streptovaricin 
C should not be considered as more than fifty-three 
hours as calculated at 30° in 25% ethanol How- 
ever, standard solutions of high stability could be 
made in absolute alcohol 

A maximum yield of a hydrolytic intermediate. C, 
characterized by the 245 mii maximum absorbance 
could be obtained in twentj'-four hours in 0.1 M HCl, 
25% ethanol at 30° 

An assay for streptovaricin C could be developed 
by permitting the streptox'aricin complex of A, B, 
C, and D of concentration [5] to stand in 25% eth- 
anol at pH 8 5 for eight hours at 30°. The final bio- 
assay should be large^- streptovaricin C of concen- 
tration [C] The original streptovaricin C concen- 
tration, [C]o. of the solution could be calculated from 

log [C], = log [C] -I- kt/2 303 (Eq 17) 

where I is in seconds and i is 15 X 10“’ sec The 
fraction,/, of C in the original complex could be esti- 
mated from 

/ = [CJ,/[5] (Eq 18) 

This unique difference in the maintenance of bio- 
activity in aqueous solution provides an e.\'cellent 
rationale for the fact that C is the observed major 
component in the streptovaricin complex (8). 

Thus, although the streptox’aricins retain their 
structural anonymity, the obserx'ations on their 
physicochemical transformations permit the predic- 
tion of their routes and how to restrict their rates of 
travel 

SUMMARY 

1. Streptovaricin C is degraded bv specific 
In’drogen ion catalyzed and “spontaneous” hy- 
drolysis. The degradation was followed by the 
loss of absorbance at 432 mp and the appearance 
of a maximum absorbance at 245 mft. The for- 
mer in solutions below pH 9 is correlated with the 
loss in biological activity and can be used to calcu- 


late the nonliydrolyzed antibiotic remaining. 
Equations and constants are proxdded to calcu- 
late stability under xmrious pH conditions. 

2. General acid-base catalysis and oxidative 
degradation in solution were not observed. In- 
creased alcohol content stabilized the streptovari- 
cins; high stability results in absolute ethanol. 

3. Streptovaricin C degrades to a biologically 
inactix^e intermediate C characterized b)^ en- 
hanced absorbance at 245 m/i in acid. This ab- 
sorbance is reversibly lost on neutralization in- 
dicative of a pKa ca. 3.5-4. 0. An additional pKa 
ca. 10 was also indicated. This C' is further hy- 
drolytically degraded with a loss of absorbance at 
all xvavelengths to C" and rate constants for tliis 
transformation have also been determined. A 
maximum yield of C should be obtained in twen- 
ty-four hours in 0.1 M HCl and 25 per cent eth- 
anol at 30°. 

4. An assay for streptovaricin C could be de- 
x'eloped by permitting the streptovaricin complex 
of A, B, C, and D to stand in 25 per cent ethanol 
for eight hours at pH 8.5 and at 30°. The final 
bioassay should be largely C. The original C 
concentration could be calculated from the data 
given. 

5. In 0.01 N NaOH at 30°, the half-life of the 
streptovaricins is less than five minutes. The 
mechanism of alkaline degradation appears to dif- 
fer from that of acid and “spontaneous” hydroly- 
ses. 
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The Solubility of Various Sulfonamides Employed in 
Urinary Tract Infections* 

By F. J. BANDELINt and WALTER MALESH 

The solubilities of sulfonamides commonly employed in the therapy of urinary tract 
infections and their N'’ acetyl derivatives have been investigated in phosphate buffers 
and in a synthetic urine known as Mosher’s Vehicle over the pH range 4.5 to 7.0 at 
37°. All compounds increased in solubility with increasing pH and all had similar 
curve characteristics. Of the compounds investigated, sulfacetamide exhibited the 
greatest solubility, followed in decreasing order by sulfaefhylthiadiaaole, sulfa- 
methylthiadiazole, sulfisoxazole, and the trisulfapyrimidines. The solubility char- 
acteristics of sulfamethoxypyridazine were found to differ from the other compounds 
of this group. The acetyl derivatives exhibited solubility curves similar to those 
of the parent compound but were generally less soluble in the media employed, with 
the exception of the combined trisulfaj^yrimidine acetyl derivatives. As a gen- 
eral rule, both the sulfonamides and their acetyl derivatives were more soluble in 
Mosher’s Vehicle than in the phosphate buffers. Comparison of solubility data is 
made and details of the experimental methods given. 


T he iNSOEtTBiLiTY of early sulfonamides and 
their acetyl derivatives in water and in tissue 
fluids, and the hazards of sulfonamide urolithiasis 
caused by the lack of solubility of these com- 
pounds had led to the development and introduc- 
tion of sulfonamide compounds and mixtures of 
greater solubility and less danger of crystalluria. 

Lehr (1) in 1945 introduced the mixed sul- 
fonamides and with subsequent work (2-6) illus 
trated the value of the principle of separate solu- 
bilities for increasing the solubility of sul- 
fonamides by such mixtures. This work was cor- 
roborated by Frisk and associates (7, 8) and by 
Oettingen and Cronlieim (9) and led to the ac- 
ceptance, in 1949, by the Council on Pharmacy 
and Chemistry of the American Medical Associa- 
tion of preparations containing two (10) or three 
(11) sulfonamides. 

Soluble sulfonamides such as sulfacetamide, 
sulfamethylthiadiazole, and sulfisoxazole have 
become widely used as single entities and in com- 
binations. 

The essentiality of solubility for sulfonamides 
recommended for urinary infection has been 
stressed by a number of clinicians. Seneca, Hen- 
derson, and Harvey state (12), “In making a 
choice of sulfonamides for the treatment of uri- 
nary tract infections, a highly active, absorbable, 
and soluble compound which is e.xcreted in high 
concentration in die rrrine is obviously sought.’’ 
O’Connor (13) also states, "Sulfonamides of 
improved urinary solubility offer the cheapest 
and most easily tolerated drugs for routine office 
prescription.” 

Hawking and Lawrence state (14), "In deter- 
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mining the relative value of the sulfonamide com- 
pounds in urinarj' infections, numerous factors 
are concerned. The effectiveness depends upon 
the relative potency of the compound, on its con- 
centration in the urine determined by the rate of 
excretion, solubility, on the degree of acetylation 
in the urine, and on the concentration in the kid- 
ney, ureter, and bladder wall.” 

Marshall (15), Yow(16),Tice (17), and Bourque 
and Joyal (18), among others, agree on the de- 
sirability of compounds of high solubility. 

That high blood levels are not necessary to ob- 
tain a bactericidal urinarj^ concentration with 
sulfonamides has been pointed out by Herrold 
(19), Cook (20), and others. 

Since sulfonamides generally have a greater anti- 
bacterial effect against Gram-positive cocci than 
against Gram-negative bacilli such as E. coli, Pro- 
teus, A. aeruginosa, and Ps. aeruginosa, and since 
it is these latter which are largely responsible for 
urinary tract infections, it follows that higher con- 
centrations of sulfonamide are required to inhibit 
these organisms. 

In consideration of these various factors we 
investigated and determined the solubilities of 
sulfonamides generally recommended for urinary 
tract infections and their acetyl derivatives, both 
in phosphate buffer and in a synthetic urine, over 
the usual pH range of the urine (pH 4.5 to 7.0) 
and have plotted cutv'es and derived values for 
comparison of solubilities at increasing pH incre- 
ments as hereinafter described. 

EXPERIMENTAL 

Preparation of Sulfonamide and Acetyl Sulfon- 
amide Solutions in Buffers.— The buffer systems 
employed in this work were essentially the phos- 
phate buffers of Gortner (21) which were prepared 
at four times the concentrations given by the 


177 


178 


Journal of the American Pharmaceutical Association Vol. XLVIII, Ko. 3 


author.* The two solutions were mixed to obtain 
buffer solutions of precise pH values, increasing in 
0.5 pH increments from 4.5 to 8.0 as required. The 
pH values of all buffer mixtures were determined 
with a pH electrometer and adjustments made, 
where necessary, to produce buffers of accurate 
values. 

Solutions were prepared by adding an excess of 
the sulfonamide or its acetyl derivative to 10 ml 
of buffer solution at each pH level in 18 x 150-mm. 
test tubes, stoppering the tubes, placing in a water 
bath at 37° with gentle agitation for twenty-four 
hours to allow equilibrium to be reached. At the 
end of this time, the mixture was filtered through a 
drj- E and D No. 192 fluted filter paper, and a 1-ml. 
aliquot was accurately pipetted into a volumetric 
flask for dilution and analj'sis. The balance was 
retained for pH determination to ascertain any 
change in pH value This latter value was desig- 
nated as the equilibrium pH. All solutions were 
prepared in duplicate, and duplicate samples were 
used for analysis throughout. 

Preparation of Sulfonamide and Acetyl Sulfon- 
amide Solutions in Synthetic Urine. — The synthetic 
urine employed, known as the Mosher Vehicle (22), 
is made up of the following per liter of water: 
sodium chloride 2.950 Gm., potassium chloride 
1.6G0 Gin., magnesium chloride 0.121 Gm , calcium 
chloride 0.143 Gm., ammonium phosphate 0.300 
Gm., and urea 20 Gm. To 10-ml. aliquots of this 
solution in 18 x 150-mm. test tubes at 37°, an excess 
of the sulfonamide or its actyl derivative was added 
followed by sufficient one per cent HjPO^ or one 
per cent NaOH to adjust to the required pH value, 
thus producing solutions increasing by 0.5 pH incre- 
ment from 4.5 to 7.0. The solutions were agitated 
in a 37° water bath for tivent}'-four hours. Mean- 
while acid or base was added to keep the solutions 
at the desired pH level until equilibrium in pH and 
in concentration was attained. Since the Mosher 
\'ehicle has little buffer capacity it was found neces- 
sary to adjust these solutions to the exact pH points 
of investigation otherwise the shift in pH due to the 
solubility of some of the sulfonamides was so great 
as to throw the final pH value outside of the range 
of investigation. After equilibrium for twenty- 
four hours at 37°, the solution was filtered as above 
and an aliquot pipetted into a volumetric flask for 
analysis.’ 

Sulfonamide Determination. — The colorimetric 
method employed for the determination of the sul- 
fonamide content of the solutions was essentially 
that of Bratton and Marshall as described in detail 
by Biamonte and Schneller (23). Standard curves 
were prepared for the individual sulfonamides using 
accurately prepared standard solutions. 

All solutions of the acetyl derivatives were hy- 
drolyzed by refluxing with 5% sulfuric acid for one 
hour to liberate the free amino compound before de- 
termination. 

Determinations were made by reading the ab- 
sorbance of the solution, after color development, at 


I Buffers consisted of varj'inc mixtures of the following 
solutions: dibasic sodium phosphate, heptahydrate — 71 C 
Gm. per L. of distilled water; monobasic potassium phos- 
phate — 3fi.a Gm. per L. of distilled ss-ater. 

• At pH 7.0 some precipitation of calcium and maencsiura 
hydroxides occurred in the sj-nthetic urine. This was filtered 
off with the excess sulfonamide. 


545 mu with a spectrophotometer using a reagent 
blank. Values obtained were read from the stand- 
ard curves with appropriate factoring for the dilu- 
tion. All solubilities are stated in mg. per 100 ml. 
of solution. 

All determinations were run in duplicate and the 
average values at resultant pH values are given in 
Table I. lvalues for the acetyl derivatives arc plot- 
ted as free sulfonamides. 

Comparative solubilities of sulfonamides at 0.5 
pH unit increments over the pH range 4.5 to 7.0 in 
phosphate buffers at 37° as obtained by extrapola- 
tion of the solubility curves derived from data are 
given in Table 11. The same information on the 
acetyl derivatives is given in Table HI. Figure 1 
is included to illustrate graphically the comparative 
solubilities given in Table II. 



Fig. 1. — Solubilities of various sulfonamides in 
phosphate buffers at 37°. 

DISCUSSION 

As is apparent from the data presented, the differ- 
ences in the solubilities of these various sulfonamides 
in the media employed, is considerable. The acetyl 
derivatives show similar differences in relative solu- 
bility, being less soluble than the parent compound 
with the exception of the trisulfapyrimidines, in 
which case the reverse is true as has already been 
demonstrated (23). As a general rule, both the sul- 
fonamides and their acetyl derivatives were slightly 
more soluble in Mosher’s Vehicle than in the phos- 
phate buffers. This appears to be due to a direct 
solubilizing action of the urea upon the sulfonamide 
compounds. 

While the sulfonamides have generally been con- 
sidered as poorly soluble compounds, several of these 
compounds show marked solubility, e.specially at the 
higher pH values. Sulfacetamide, for instance, is 
soluble in excess of 40% at pH 7.0, while at this pH 
the remainder of the compounds had the following 
solubilities: sulfamethylthiadiazole 5.90%, sulfi- 
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Table I -Solubility of Various Sulfonamides and Their Acetyl Derivativesik Phosphate Buffers 
AND IN Synthetic Urine Over the pH Range 4 5 to / 0 


-Mtlhgratns of Compound Soluble in 100 ml 
of Buffer at 37® 


Triple 

Sulfonamide 


Equilibrium 

pH 

4 5 

5 0 

5 5 

6 0 
6 4 


Acetyl 

Triple 

Sulfonamide 

118 

121 

132 

158 

218 

490 


Equilibrium 

pH 

4 5 


— Milligrams of Compound Soluble in 100 
ml of Synthetic Urine at 37° 
Acetyl 


Triple 

Sulfonamide 


Triple 

Sulfonamide 

218 

223 

231 

254 

163 

630 


Equilibrium 

pH 

4 5 

5 0 

5 5 

6 0 

6 5 

7 0 


Acetjl 

Sulfacetamide Sulfacetamide 


4 

5 



60 

5 

0 

1,250 

4 6 

125 

5 

5 

1,350 

4 S 

250 

6 

0 

2,150 

5 3 

550 

6 

5 

3,020 

5 6 

1,150 

7 

0 

4,400 

5 9 

2,310 

7 

5 

15,000 

6 6 

3,900 

8 

0 

41,000 

7 0 

3,900 


Acetyl 

Sulfacetamide Sulfacetamide 


4 5 

1,500 

240 

4 5 

5 0 

1,950 

310 

5 0 

5 5 

3,150 

505 

5 5 

5 8 

6,000 

1,050 

6 0 

6 2 

15,000 

2,520 

6 5 

6 6 

60,000 

5,600 

7 0 


7 0 
7 0 


Acetyl 

Sulfamethyl- Sulfamethyl 

thiadiazole thiadiazole 


Acetyi 

Sulfamethyl- Sulfamethyl 
thiadiazole thiadiazole 


4 5 

105 

4 5 

41 

5 0 

125 

5 0 

50 

5 5 

200 

5 5 

71 

6 0 

470 

6 0 

102 

6 5 

1,000 

6 3 

260 

7 0 

1,990 

6 6 

630 

8 0 

9,250 

SulGsoxazole 

7 3 

2,400 

Acetyl 

Sulfisoxazole 

4 5 

33 

4 5 

8 

5 0 

45 

5 0 

12 

5 5 

70 

5 5 

38 

6 0 

175 

6 0 

105 

6 5 

405 

6 4 

190 

7 0 

1,360 

6 8 

375 

7 5 

4 5 

2,870 

Sulfaethyl- 

thiadtazule 

7 2 

1,040 

Acet> 1 
Sulfaethyl- 
thiadiazole 

140 

5 0 

325 

4 6 

162 

5 5 

465 

5 2 

212 

6 0 

760 

5 6 

300 

6 5 

2,250 

6 2 

510 

7 0 

5,900 

6 6 

740 

7 5 

7,300 

6 8 

1,175 , 

8 0 

17,000 

Sulfamethoxy 

pyridazme 

7 1 

Acet>l 

Sulfamethoxy 

p>rid3zine 

4 5 

720 

4 5 

22 

5 0 

740 

4 8 

24 

5 5 

770 

5 4 

26 

G 0 

SOO 

5 9 

28 

0 5 

920 

6 2 

30 

7 0 

1,380 

7 0 

41 


4 5 

120 

10 

4 5 

5 0 

150 

21 

5 0 

5 5 

260 

45 

5 5 

6 0 

620 

145 

6 0 

6 5 

1,980 

380 

6 5 

6 9 

8,400 

995 

7 0 

7 3 

Acet> 1 
SulGsoxazole 



SulGsoxazole 

4 5 

36 

30 

4 5 

5 0 

51 

44 

5 0 

5 5 

80 

70 

5 5 

6 0 

220 

160 

6 0 

6 4 

710 

560 

6 5 

6 7 

2,600 

1,230 

7 0 

7 1 





Acetyl 



Sulfaelhyl- 

Sulfaethyl- 



thiadiazole 

tfaiadmzole 


4 4 

360 

225 

4 5 

4 7 

380 

230 

5 0 

5 2 

440 

250 

5 5 

5 6 

480 

350 

6 0 

0 35 

000 

650 

6 5 

6 7 

1,875 

1,140 

7 0 

7 1 




4 5 

Sulfamethoxy- 

pjndazine 

460 

SuUamethoxy- 

pyrsdazioe 

165 

4 5 

5 0 

466 

108 

5 0 

5 5 

475 

174 

5 5 

6 0 

488 

182 

6 0 

6 5 

552 

212 

6 5 

7 0 

862 

290 

7 0 


Table II — Comparative Solubilities at 0 5 pH Unit Increments Over the Range 4 5 to T 0 in 

Phosphate Buffers at 37° 










45 

50 

5 5 

6 0 

6 5 

70 

Tnsulfapj rimidiBcs 

96 

98 

102 

109 

139 

192 

SuUacetaniidc 

1,250 

1,590 

2,760 

5,400 

11,300 

41 ,000 

Sulfamcthvlthiadiazole 

105 

125 

200 

470 

1,820 

5,960 

Sulfisoxazole 

33 

45 

TO 

175 

510 

2.350 

Sulfaethvlthiadiazolc 

320 

450 

660 

1,520 

4,050 

10,800 

SuUaracthoxypj ndaziiie 

720 

740 

TSO 

840 

1,140 

1,380 
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Table III. — Comparative Solubilities of Acetyl Sulfonamides at 0.5 pH Unit Increments Over 
THE Range 4.5 to 7.0 in Phosphate Buffers at 37° 


Acetyl Derivative 

•1,5 

Trisulfapyrimidines 

116 

Sulfacetamide 

60 

Sulfamethylthiadiazole 

41 

Sulfisoxazole 

8 

Sulfaethylthiadiazole 

150 

Sulfamethoxypyridazine 

22 


■Mg. per 100 ml. of Solution- 


50 

5 5 

0.0 

0.5 

7.0 

121 

132 

158 

230 

420 

125 

250 

790 

1,980 

3,900 

50 

71 

102 

260 

790 

12 

38 

105 

220 

710 

190 

280 

310 

620 

1,040 

24 

26 

28 

30 

41 


soxazole 2.35%, sulfamethoxypyridazine 1.38%, and 
trisulfapyrimidines 0.19%. Sulfacthylthiadiazole 
exhibited a much higher solubility in phosphate buf- 
fer than it did in Mosher's I’ehicle, being soluble to 
the extent of 10.70% in the former at pH 7.0. 

The points on the pH scale at which marked ac- 
celeration of solubility occurred also varied. In the 
case of the trisulfapyrimidines a marked increase in 
solubility commenced at around pH 6.0; with sulfi- 
soxazole, sulfamethylthiadiazole, and sulfacetamide 
this was evidenced at about pH 5.0 and above and 
with sulfacthylthiadiazole solubilitj- increased 
abruptly at pH 5.5 and above. The solubility of 
sulfamethox}‘pyridazine remained rather constant 
over the pH range to about pH 6.0 after which it rose 
precipitously. 

Although the compounds differed markedly in solu- 
bility, all curves were characteristically similar with 
the exception of sulfamethoxypyridazine. This com- 
pound was unique in showing somewhat different 
curve characteristics and in the fact that it was found 
to be considerably more soluble in phosphate buffer 
than in Mosher’s \'ehicle. The acetyl derivative of 
this compound, however, tvas similar to the acetyl 
derivatives of the other compounds in that it was 
considerably more soluble in Mosher's Vehicle than 
in the phosphate buffers. 

Although the urine of normal individuals is usually 
considered to have a mean pH of 6.0, it may range 
from 4.8 to 7.5 (24) in pathological conditions. This 
pH range is therefore critical in view of the facts here 
illustrated showing that the solubility of most of the 
compounds investigated increased 50 to 100-fold 
from pH 5.0 to pH 7.0. With the trisulfapyrimidines 
the increase is only three-fold and its combined solu- 
bilities are the lowest of the entire group. 

Since urinary acidit)' is increased in conditions 
where the urine is concentrated, as in fevers (25), 
solubility is important because as the urine is con- 
centrated, so also is its sulfonamide content, and, as 
the urinary acidity increases with concentration, the 
solubilitj' of sulfonamide is markedly decreased, 
thus producing the possibility of sulfonamide 
urolithiasis. If normal fluid volume and pH arc 
maintained, it is doubtful if any of the above sulf- 
onamides, with their adequate solubilities, would 
be dangerous. However, sulfisoxazolc and sulfa- 
methoxyp>Tidazine have rather insoluble acetyl de- 
rivatives, and it may be that when present in high 
concentration in acid urine, urolithiasis may be a 
factor. This would be dependent, however, upon the 
dose, the rate of excretion, and the extent of acetyla- 
tion. 

summary 

The solubilities of six sulfonamides commonly 
employed in urinart- tract infections and their 


acetyl derivatives have been investigated over tlie 
pH range 4.5 to 7.0 at 37° in phosphate buffers 
and in a synthetic urine known as Mosher’s \'e- 
hicle. Of these compounds, sulfacetamide was 
the most soluble followed, in decreasing order, by 
sulfacthylthiadiazole, sulfamethylthiadiazole, 
sulfisoxazole, and trisulfapyrimidines. Sulfa- 
methoxypyridazine was intermediate in the group 
in that it was not so much affected by pH and was 
relatively more soluble in the acid region than any 
of the other compounds with the exception of 
sulfacetamide. Of the acetyl derivatives, sulfa- 
cetamide was also the most soluble at the higher 
pH levels while at a pH of 5.5 and below, sulfa- 
ethylthiadiazole was the more soluble. The com- 
bined acetyl derivatives of the trisulfapyrimidines 
were somewhat more soluble below pH C.O tlian 
was the acetyl sulfamethylthiadiazole. The latter 
exceeded the solubility of the former at pH C.5 
and above. Acetyl sulfisoxazole exhibited a 
rather low solubility at pH levels under 6.5 but in- 
creased greatly at higher pH values. Acetyl sul- 
famethoxypyridazine had a very low solubility 
over the entire pH range in the buffers. 

All of the sulfonamides were somewhat more 
soluble in Alosher’s Vehicle than in the buffers 
with the exception of sulfamethoxypyridazine 
which was somewhat more soluble in the phos- 
phate buffers. At pH 6.0 (mean pH of urine) 
acetyl sulfacetamide was the most soluble of the 
acetyl derivatives followed by the acetyl deriva- 
tives of sulfamethylthiadiazole, sulfamethoxypy- 
ridazine, sulfacthylthiadiazole, sulfisoxazole, and 
trisulfapyrimidines. The acetyl derivatives were 
also more soluble in Mosher’s 4Thicle than in the 
buffer with acetyl sulfamethoxj'pyridazine being 
considerably more soluble in Mosher’s Vehicle 
than in the buffer. 

The physiological implications of these obser- 
vations arc briefly discussed. 
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New Iodine Compounds for Hepatolienography* 

By ROBERT J. DUMMEL, JAMES D. MADDEN, and SYDNEY F. THOMAS 


A new source of radio-opaque compounds for 
the development of hepatolienography con- 
trast media consists of the class of tetraiodo- 
phthalic anhydride derivatives. Hydroxy- 
ethyl and hydroxypropyl tetraiodobenzoates 
were prepared by the decarboxylation of hy- 
droxyethyl and hydroxypropyl tetraiodo- 
phthalates. These compounds gave good 
colloidal dispersions by precipitation in water 
from acetone. Zirconyl tetraiodophthalate 
was prepared as a colloidal precipitate, but 
hydrolysis took place in attempts to neutralize 
the solvent. 

A PERSISTENT SEARCH has been under way to 
replace thorium dioxide (Thorotrast) as an 
intravenous colloidal contrast media for the 
opacification of the liver and spleen, because of 
the long-term damage to the sites of deposition 
caused by the permanent radioactive deposits 
(1). Experiments with tantalum oxide, tung- 
sten oxide (2), zirconium oxide (3), and stannic 
oxide (4) have been reported. Elimination of 
the contrast media from the sites of deposition 
after completion of the diagnosis is desirable. 
Metal oxides are permanently fixed, but organic 
iodine compounds offer a possible alternative, if 
one can be found which will undergo slow 
metabolic breakdown. Experiments with emul- 
sions of iodinated vegetable oils (Lipiodol) and 
ethyl esters of iodinated fatty acids (.Angiopac 
and Ethiodol) have been reported (5, G, 7J. 

An ideal compound for hciiatolienography 
should be chemically inert, water insoluble, 
easily dispersed to a stable colloid, and subject to 
slow elimination from the organism. Among the 
organic iodine compounds, nearly all soluble 
injectable contrast media used today are aro- 

* Kcccnptl AiiKU‘:t n, ie.')S from the Palo Alto Medical 
Rc-earch I'oundattan Palo Alto Calif 

We widi to ocVnowlcdRe the supjiort nf this rcc.arch bj 
crants from the California UiM-non of the .\mcrican Cancer 
Socictt and the Atomic Fnercy CommUiion 


matte in structure. M'e therefore chose as a 
starting material for a series of possible contrast 
media the aromatic compound tetraiodophthalic 
anhydride (1), which contains by weight 77.9 
per cent iodine. 



I If 


The chemicallj’ reactive anhydride group can 
give rise to an open ended series of derivatives 
such as monoesters, diesters, amides, and imides. 
Such derivatives should be hydrolyzed metaboli- 
callv Infonnation on the chemistry of tetra- 
iodophthalic anhydride was limited to accounts 
of its synthesis (8), and the formation of the 
monomethyl and dimethyl esters (9), diocta- 
decenyl and didodecyl esters (10), several ali- 
phatic imides (11), the anil and phthalein (12). 

The results reported below were encountered in 
attempts to prepare a polyester from ethylene 
glycol and tetraiodophthalic anhydride by a 
reaction analogous to the well-known preparation 
of pohmier resins from glycols and phthalic 
anhydride. Tetraiodophthalic anhydride reacted 
readily with hot ethylene glycol to give the half- 
ester, hydro.vyclhyl tetraiodophthalate. This 
cn-slallinc solid reverted on drj- heating to the 
anhydride and the glycol. When the half-ester 
was rcfiu.xcd in a high-boiling solvent, a resinous, 
low-melling solid was obtained, which was 
separated into a cr>-stallinc solid and an 
amorphous resin. The cn-stalline solid was 
identified as hydro.vycthyl tetraiodobenzoate (11), 
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which resulted from the thermal decarboxylation 
of the half-ester. Precedent for this reaction 
was found in the reported reactions of tetra- 
chlorophthalic anhydride (13). The presence 
of polyester in the uncrj'stallized resin was 
inferred from hydrolysis to tetraiodophtlialic 
acid, but final proof must depend on molecular 
weight studies. 

The same procedure using tetraiodophtlialic 
anhydride with propylene glycol gave similar 
products. A crystalline product was identified 
as hydroxypropyl tetraiodobenzoate. 

The low reported toxicity of zirconyl salts (3) 
and tetraiodophthalate (14) were the basis of 
attempts to prepare zirconyl tetraiodophthalate. 

EXPERIMENTAL 

Tetraiodophthalic Anhydride. — Tlie commercially 
available (Eastman Kodak) product, m. p. 310- 
322°, was used without further purification. It was 
found to be readily soluble in dioxane and dimethyl- 
formamide, from which recrystallization could be 
achieved by the addition of chloroform, cyclohexane, 
or acetic acid. Heating tetraiodophthalic anhj'- 
dride, alone or in a solvent, above 3S0° resulted in 
decomposition with liberation of iodine. Sodium, 
potassium, and ammonium mono-, and di-salts were 
prepared by the addition of the calculated amount 
of base to a dioxane solution of tetraiodophthalic 
anhydride. 

A nal . — A sample was fused with NaOH in a nickel 
crucible, neutralized, and titrated with standard 
silver nitrate according to tlie I'olhard method, using 
tetraiodofluorescein for an indicator. Calcd. for 
C,UO,: I. 77.88. Found: I. 77.77. 

Hydroxyethyl, Hydroxypropyl, and Ethyl Tetraio- 
dophthalates. — Half-esters were readily formed by 
dissolving the anhydride in refluxing alcohols. 
Samples of the anhydride were dissolved in ethylene 
glycol, propylene glycol, and for comparison, in 
ethanol. In each case, a crystalline yellow solid 
was obtained. Small samples of each product were 
heated in a capillar}- melting point apparatus, with 
evolution of vapor, and a residue which melted at 
205-222°. The melting point was not depressed by 
mixing the sample with tetraiodophthalic anhydride. 

Equivalent Weights. — Calcd. for hydroxyethyl 
tetraiodophthalate, CmHcIiOs: 714. Found: 710. 
Calcd. for hydrox}-propyl tetraiodophthalate, Cn- 
HsbOs: 72S. Found: 726. Calcd. for ethyl tetra- 
iodophthalate, CioHsLOst 714. Found: 710. 

Hydroxyethyl Tetraiodobenzoate. — Hydro.xyethyl 
tetraiodophthalate (10.8 Gra.), or the equivalent 
mixture of ethylene glycol and tetraiodophthalic 
anhydride, was refluxed four hours in dimethylform- 
amide (50 ml.). Evaporation of the solvent under 
reduced pressure left a dark, opaque residue (17 
Gm.). The residue was refluxed with acetone (100 
ml.), and the acetone solution was filtered and 
evaporated to a cloudy amber resin (9.9 Gm.). The 
cloudy amber resin was refluxed in dichloromethane 
(100 ml.), and the solution filtered from an amor- 
phous yellow powder. Evaporation of the solvent 


left a transparent glass}- amber resin (8.6 Gm.) 
which softened to a viscous oil at 90-100°, contain- 
ing 75.02% iodine. The apparent equivalent weight 
of 5,520 indicated some unreacted acid. Part of 
this resin was dissolved in dichloromethane (100 
ml.) and extracted with 10% sodium carbonate solu- 
tion (2 X 100 ml.). The organic phase, consider- 
ably lighter in color, was washed with water, dried 
over calcium chloride, filtered and evaporated to a 
light yellow oil (4.7 Gm.). Recrystallization from 
acetone gave a light }-eIlow, semicrvstalline solid, 
m. p. 215-224°. 

Anal. — Calcd. for CsHeHOs: 1,75.59. Found: I, 
75.44. 

Hydroxypropyl Tetraiodobenzoate. — Starting with 
hydroxypropyl tetraiodophthalate, or the equiva- 
lent mixture of propylene glycol and tetraiodo- 
phthalic anhydride, the same procedure as above was 
repeated to give a similar product. The product 
was light }-eIlow semicrystalline solid, m. p. 215- 
222°, and soluble in acetone and dichloromethane. 

Anal. — Calcd. for CioHgHOj.- I, 74.22, Found: I, 
74.32. 

Zirconyl Tetraiodophthalate. — The addition of 
zirconyl chloride (50.2 Gm,, 0.153 mole) in water 
(500 ml.) to a solution of disodium tetraiodophthal- 
ate (106 Gm., 0.149 mole) in 1:3 dioxane: water 
(1,000 ml.) precipitated a pale yellow colloidal di.s- 
persion. Tlte precipitate was washed by centrifu- 
gation tind resuspension, and dried to a pale yellow 
powder (63 Gm,, 0.812 mole, 55% yield). 

Anal. — Calcd. for CsLOsZr: ZrOj, 15.9. Found: 
ZrOs, 16,7. The initial precipitate was stable only 
in acid solution, and attempts to neutralize the solu- 
tion with dilute base resulted in hydrolysis to zir- 
conium hydroxide and sodium hydrogen tetraiodo- 
phthalate. 

Preliminary Dispersion Studies. Hydroxyethyl 
and hydroxypropyl tetraiodobenzoate were each 
dissolved in acetone, and the acetone solutions 
poured into water. In each case, a colloidal dis- 
persion formed with v-ery little gummy precipita- 
tion The acetone was removed and the dispersions 
concentrated by distillation under reduced pressure. 
Microscopic examination of these dispersions re- 
vealed uniformly spherical particles in rapid Brown- 
ian motion, with the estimated average particle size 
of 1 u- The dispersions settled slowly during sev- 
eral days, and could be partly resuspended by shak- 
ing. The half-esters in this series did not give stable 
dispersions b}- this technique. 
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Metal Chelates and Antitubercular Activity V 

Riboflavin, Riboflavin-5 '-phosphate, Alloxan, Phthaloylhydrazine 

By WILLIAM O. FOYE, FRED B. BLOCK, and WINTHROP E. LANGE 


Metal complexes, which are probably chelates, 
have been prepared of riboflavin, roboflavin- 
5 '-phosphate, alloxan, and phthaloylhydra- 
zine using divalent copper, cobalt, nickel, 
iron, and zinc ions. Antitubercular tests in 
mice showed these chelates to be essentially 
inactive. 

TJrevious attempts to find a relationship be- 
tween metal-chelating abilitj' and antituber- 
culotic activity have shown some success. A 
number of agents which have been emploj^ed 
against human tuberculosis have shown an ability 
to chelate heavy metal ions (1, 2, 3) and several 
have been shown to retain activity in the form of 
heavy metal chelates (4, 5, C). An example of a 
class of agents which showed a limited amount of 
activity in the mouse in the chelated form while 
the nonchelated agents were inactive has also 
been found in the case of the o-hydroxyazonaph- 
thols (7). In order to inquire further into the 
possibility that the action of metal chelates 
against tuberculosis is of fairly general occur- 
rence or whether it is dependent upon limited 
structural requirements, several other types of 
metal chelates have been prepared and tested in 
the mouse. For this purpose, chelates of ribo- 
flavin, riboflavin-5 '-phosphate, alloxan, and 
phthalo}dhydrazine were used. 

METHODS OF PREPARATION 

The preparation of metal chelates of riboflavin (8) 
and of alloxan (9) has already been reported. Chela- 
tion of riboflavin-5'-phospliate with nickel and co- 
baltous chlorides was first carried out at pH 9 using 
the procedure of Foyc and Lange (8) for riboflavin 
chelates. There was a distinct drop in pH when the 
alkalinity of tiie reaction was not maintained, and 
the isolation of colored, water-insoluble products pro- 
vided further indication that chelation was taking 
place. In addition, negative tests for metal ions 
in the reaction mi.xture were obtained with ferro- 
cyanide after the reactions were complete. These 
chelates were insoluble in organic solvents, water, 
and aqueous alkali and were decomposed by aqueous 
acid. Since recrystallization was impossible, excess 
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riboflavin-5'-phosphate and sodium ion were re- 
moved by &.xhlet extraction using water. Ele- 
mental analysis of the dried products revealed an un- 
usually high metal content (see Table II) . 

In an attempt to prepare chelates having a lower 
metal content, reactions with several metal ions were 
carried out at pH 7. Evidence for chelation was 
again noted by a drop in pH in experiments where 
the pH was not maintained by alkali. The following 
drops in pH were noted ; with zinc ion, the pH dropped 
to 4.2, with iron to 5.2, with cobalt to 5.6, with nickel 
to 5.6, and with copper to 5.8. In the preparation 
done at pH 7, colored, water-insoluble products ^Yere 
again obtained. Very slight positive tests for metal 
ion were noted in the reaction mixtures, however, 
after the reactions were complete. Elemental analy- 
sis of these chelates showed in general a ratio of three 
metal ions to two molecules of riboflavin-5'-phos- 
phate. This amount of metal in the products was 
still considered somewhat high for animal experimen- 
tation, however. 

Aqueous mixtures of the products prepared at 
either pH 7 or pH 9 were then brought to pH 3 to 
reduce the metal contents still furtlier. Both soluble 
and insoluble fractions were isolated from this treat- 
ment of the cobalt and nickel chelates, but the two 
fractions from the nickel chelate proved to be identi- 
cal. The copper and zinc chelates gave only in- 
soluble products, tvhile the iron chelate was unaf- 
fected by this treatment. Products having a ratio 
of two riboflavin-S'-phosphate molecules to one 
metal ion were obtained from the cobalt, nickel, and 
zinc chelates, ivhereas the copper chelate was con- 
verted from a ratio of five metal ions to two molecules 
of riboflavin-5'-phosphate at pH 7 to a ratio of 3;2 
at pH 3. 

The analytical results of the various riboflavin-5'- 
phosphate chelates prepared are listed in Table II. 
The general analj-tical procedure consisted first of a 
metal analysis of the product dried in vacuo (2-S 
mm.) at room temperature. Carbon-hydrogen anal- 
yses were then obtained on the products after being 
dried at a higher vacuum (1 ram.) and the loss of 
weight observed on this second drying generally 
corresponded to the theoretical amount for two or 
three molecules of water. This procedure provided 
a check on the quantity of water of coordination 
present, since the Karl Fischer or complete dehydra- 
tion methods of water analysis failed to give con- 
sistent results with these compounds. The color 
and per cent yield of these products arc recorded in 
Table I. 

Chelation reactions of phthaloylhydrazine were 
carried out with divalent copper, cobalt, and nickel 
ions at a pH of 9. The insoluble products were puri- 
fied by washing with water and extraction n ith ace- 
tone. A charactcrizable ferrous chelate was not ob- 
tained. The analytical results indicate a 1 : 1 ratio of 
metal ion to phth.aloylhydrazine tTablc III), but the 
actual structures probably have a 2 : 2 ratio. This is 
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indicated by the absence of bound water in the cop- 
per derivative, wliere tlie coordination capacity of 
four would be satisfied by two molecules of phthal- 
oylhydrazine, and the presence of only two molecules 
of water for each cobalt or nickel ion, where the usual 
coordination capacity is six. 

BIOLOGICAL ACTIVITY 

Antitubercular tests on nonchelated agents of the 
types under discussion have been reported only for 
phthaloylhydrazine. Buu-Hol ( 10) found this com- 
pound to be active against avian tuberculosis in 
1946. O- and N-Substituted derivatives of phthal- 
oylhydrazine were later found to be markedly ac- 
tive against human tuberculosis in mouse tests, how- 
ever (11). 

Tests against experimental tuberculosis in mice 
were carried out at the Lillj- Research Laboratories on 
a number of the compounds discussed above. The 
copper, eobalt, nickel, iron, zinc, and manganese 
chelates of riboflavin (8) were essentially inactive 
when tested at levels of 0.25, 0.1, and 0.02% in the 
diet. The iron chelate did show slight activity at 
0.02%, however. Among the riboflavin-5'-phos- 
phate chelates, the following were tested : the cupric 
derivative having a 2:3 ratio of ligand to metal, the 
zinc compound having a 2 : 1 ratio, the 2 : 1 cobalt 
derivative, and the 2 -3 ferrous compound. Al- 
though these compounds were described as 
essentially inactive, small increases in survival time 
were noted at some dietary levels. These results are 
shown in Table I\’. 

The 1 : 1 cobalt chelate of alloxan (9) was tested at 
dietan,' levels of 0,01 and 0.05%, and it was found to 
be toxic at the higher level and inactive at the lower. 
The cobalt and nickel complexes of phthaloylhydra- 
zine were tested at dietary levels of 0.01 and 0.5%. 
The cobalt derivative was toxic at the higher level 
and inactive at the lower, while the nickel derivative 
was inactive at both levels. 

EXPERIMENTAL 

Metal Chelates ofRiboflavin-5'-phosphate at Vari- 
ous pH’s. 

pH 9 . — Two grams (0.0039 mole) of sodium ribo- 
flavin-5'-phosphate (Nutritional Biochemicals 
Corp.) was added to 50 ml. of water in a beaker 
equipped with a mechanical stirrer. To the solution 
was added sufficient 5% sodium hydroxide solution 
to bring the pH to 9. An aqueous solution of 0.83 
Gm. (0.0035 mole) of cobalt (II) chloride hexahj’drate 
or nickel (II) chloride he.\ah5-drate was then added 
slowh" over a period of ten minutes, along with suffi- 
cient 5% alkali to maintain the pH at 9. After 
thirty minutes more of stirring and adjusting the 
pH, the mixture was centrifuged, and the residue 
was dried in vaaio. The supernatant liquid was made 
neutral with 5% hydrochloric acid, reduced in vol- 
ume by evaporation, and treated with ethanol to 
precipitate e.xcess riboflavin-5'-phosphate. The 
dried residue was e.\tracted with water in a Soxhiet 
e.vtractor for twenty-four hours and was then dried 
in racuo (2-5 mm.) over phosphorus pentoxide for 
twelve to sixteen hours. 

pH 7. — To .50 ml. of water in a beaker equipped 
with a mechanical stirrer was added 2.0 Gm. (0.00.39 


Table I. — Metal Chelates op Riboflavin-o'- 

PHOSPHATE 


Formula® 

Pre- 

pared, 

pH 

Color ^ 

Yield, 

% 

R-Co6-13H:0 

9 

Brown 

90 

R2-CO3 • 7H2O 

7 

Yellow-brown 

100-)- 

R;-Co-6H.O 

3 

Dark yellow 

( / 

R-Ni6-17H.O 

9 

Gold 

97 

R.-Ni3-7HoO 

7 

Bright orange 

98 

R.-Ni-4H.O 

3 

Gold-orange 

81 

Ri-Zna- 12HjO 

7 

Bright orange 

89 

Ri-Zn-4HoO 

3 

Gold-orange 

100 -)- 

Rj-Fc3-7H-0 

7 

Rust 

90 

Rj-Fe3-6H;0 

3 

Rust 

99 

Rj-Cus-ISH-O 

7 

Yellow-brown 

89 

R2-Cu3-4H.O 

3 

Orange 

89 


“ R—CnHiiN^OftP minus two hydrogen atoms for each 
metal ion in the formula. 

* Sodium riboflavin-5'-phosphate (Nutritional Biochemi- 
cals Corp.) has a gold-orange color. 

mole) of sodium riboflavin-5 '-phosphate. To this 
solution was added sufficient 5% sodium hydroxide 
solution to bring the pH to 7. An aqueous solution 
of 0.0039 mole of cobalt (II) chloride hexahydrate, 
nickel (II) chloride he.xahydrate, zinc (II) chloride, 
ferrous sulfate heptahydrate, or cupric chloride di- 
hydrate was then added slowlj' over a period of ten 
minutes, along with sufficient 5% alkali to maintain 
the pH at 7. After tliirty minutes more of stirring 
and adjusting the pH, the product was isolated and 
purified as in the preceding procedure. 

pH 3. — To 25 ml. of water in a beaker equipped 
with a mechanical stirrer was added 1.0 Gm. of 
metal chelate prepared either at pH 7 or 9. The 
mixture was brought to a pH of 3 by the addition of 
5% hj'drochloric acid. After one hour of stirring 
and adjusting the pH, the mixture was filtered and 
the residue was washed with water and methanol. 
The product was dried in vacuo (2-5 mm.) over phos- 
phorus pentoxide for twelve to sixteen hours. 

To the filtrate was added three to four volumes of 
acetone to precipitate any water-soluble eomplex. 
Nearly- complete evaporation of the filtrate generally 
gave the same result as the addition of aeetone. 
The solid was collected, washed with methanol, and 
dried in the usual manner. 

Metal Chelates of Phthaloylhydrazine 

Phthaloylhydrazine (0.01 mole) prepared by the 
method of Barber and Wragg (12), was dissolved in 
59 ml. of water and 5% sodium hydro.xide solution to 
give a pH of 9. An aqueous solution of the metal 
chloride (copper (11), cobalt (II), or nickel (II)) was 
then added slotvly with stirring, and the pH "as 
maintained at 9. The reaction mixture was stirred 
for an hour and then allowed to settle overnight. 
The products were filtered, washed with "atcr, .and 
extracted with acetone in a Soxhiet extractor for 
three hours. They "ere dried in air at room tem- 
perature. A 72% yield of pale green nickel chelate, a 
90% yield of maroon cobalt chelate, and an 82% 
yield of green copper chelate were obtained, based on 
the formulas in Table III. It was nece.ssary to cen- 
trifuge the reaction mixture to obtain the copper 
derix-ative. 

Metal Analyses 

Cobalt. — A modification of the mcthwl of Hille- 
brand, el al. (13), was used. A dilute hydrochloric 
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Table II. — Analyses of the Riboflavin-5 '-phosphate Chelates 



Prepared, 

pH 





^ 



Formula® 

c 

H M++ 

HtO« 

c 

H 

M 

HsOrf 

R-Co 6- 13H;0 
R-Coe-lOHiO 

9 

20 88 

2 99 

34 56 

5 24 

20 76 

3 36 

35 54 

5 94 

Rz-CorTHsO 
R2-CO3 3 H 2 O 

7 

35 90 

3 72 

14 62 

5 96 

35 92 

3 81 

14 54 

5 93 

Rj-Co 6H-0 
R-Co-dHsO 

3 

39 20 

4 64 

5 47 

3 34 

39 72 

4 75 

5 03 

3 20 

R-Nis-lTHsO 
R-Nie 15HjO 

9 

19 14 

3 69 

31 94 

3 27 

19 10 

4 41 

32 39 

2 63 

R,-Ni3 THzO 

7 

33 78 

4 17 

14 57 


34 31 

4 68 

13 04 


R-Ni-dH-O 

RrNi-2HiO 

3 

40 61 

4 41 

5 64 

3 46 

40 37 

4 83 

5 52 

3 08 

R.-Znrl2H-0 

7 



14 87 

2 73 



13 99 

2 92 

Rj-Znr 10H:O 
Rj-Zn-dH-O 

3 

31 83 

4 40 

6 24 

3 44 

31 65 

3 49 

9 02 

4 26 

R,-Zn-2H20 
Rj-Fe, 7HsO 

7 

40 35 

4 38 

13 96 

9 01 

40 16 

4 23 

12 84 

8.46 

R-FerHsO 

R2-Fer6H30 

3 

37 39 

3 51 

14 17 

4 57 

37 68 

4 12 

12 35 

4 11 

Rj-Fez-SHiO 


36 19 

3 75 



36 54 

4 08 



Rj-Cu5- 14H«0 

7 

27 73 

4 n 

21 57 


28 06 

3 94 

21 69 


RrCu, 6H.0 
R;-CU3-4H20 

3 

34 92 

3 79 

15 81 

2 99 

35 26 

4 07 

14 60 

3 28 


« RsssCpHjiN^ObP mtnus two hydrogen atoms for each metal ion in the formula 
Carbon and hydrogen analyses were done by the Clark Microanalytieal Laboratorj*. Urbana, lltmois and the Weiler and 
Strauss Microanalytieal Laboratory, Oxford, England Samples were dried at room temperature tn tacuo (1 mm ) 

‘ This quantity represents the difference m theoretical water content shown by the two consecutive formulas listed under a 
given pH (e g . 3HiO for R — Coe 13HjO *-► R — Coe lOHjO) 

This quantity represents the loss of weight on drying at room temperature at 1 rara pressure the product previouslj dried 
at room temperature at 2-5 mm pressure 


Table III — Analyses of the Phthaloylhvdrazine Chelates 


Formula 

c 

Calculated, % 

H M* + 

HiO ’ 

c 

Found, 

H 

— 

HiOli 

Ci«HsN,0,Coj-4H20 

37 67 

3 16 

22 94 

15 2 

38 24 

3 22 

22 71 

14 9 

Ci6H8N,0,Nir4Hj0 

37 69 

42 95 

3 18 

V 80 

28 02 

15 2 

0 0 

37 41 

42 96 

3 33 

2 57 

26 95 

16 9 

2 1 


** Carbon and hydrogen analjses were done by the Weiler and Strauss Microanalytieal Laboratory, Oxford, England 
b The water content was determined b) loss of weight on vacuum (2-5 mm ) drying at 100® over phosphorus peitoxidc 


Table IV — In Vtvo Antitubercular Activities 
OP the Riboflavin-5'-phosphate Chelates'* 


Compound 

In 

Diet. 7c 

No of 
Mice 

Mortal 
ity % 

Mean 
Surv IV al 
Time 
Days*! 

Rs-Cu, 4H:0 

0 I 

5 

60 

20 5+ 

R:-Zn 5HzO 

0 02 

5 

00 

19 8+ 

Ri-Co-3HsO 

0 1 

6 

60 

20 + 

Ri-Fcj-eH.O 

0 2 

5 

SO 

19 + 

INH' 

0 01 

5 

0 

21 + 

Controls 


10 

70 

19 7 + 


" Delcrmincd at the Lill> Research Laboratories bj \V B 
Sutton usinK Af Ittferrcaiosis HrR\ in mice 

^ A d* indicates that the suniting animals were sacrificed 
at the indicated times for examination of lesions 
^ INH = isomcotinjl h>drnzide 


acid solution containing 0 03-0 04 Gni of cobalt per 
sample was prepared by treating the sample first 
with 6 ml of concentrated hjdrochloric acid and 
heating to break tlic comple\, and then adding 195 
ml of water The solution was heated to about S0°, 
and api>ro\imatel\ 0 5 Gm of a-nitroso-fS-naphthol 
m 20 ml of hot, freshly prepared 50^ acetic acid 
wasaddedforeteryOOl Gm of cobalt present The 
precipitate settled, and more reagent was added until 
It as certain that precipitation w as complete The 


precipitate was allowed to stand for two liours and 
was then transferred to a crucible, washed with hot 
water, and heated slow Iv to remove carbon Igni- 
tion was carried out in an oxidizing atniospliere at 
800-900°, and the residue ivas weighed as CojO) 

Nickel. — This procedure was modified from that 
of Hillcbrand. el al (14) A solution containing 
0 02-0 03 Gm of nickel was prepared by first treat- 
ing tlic complex with 15 ml of 10% hydrochloric 
acid and then adding 0 5 Gm of tartaric acid and 
185 ml of water It iias heated nearly to boiling, 
sufficient concentrated ammonium hydroxide was 
added to bring the pH to 7. and it was then made 
slightly acid with 5% hydrochloric acid At least 
5 ml of a 1% alcoholic solution of diraethvlglj oxime 
was then added for every 0 01 Gm of nickel present 
Imniediately, sufficient dilute (10%) ammonium hy- 
droxide was added dropwise to give a slight excess 
beyond the point of precipitation The precipitate 
was digested on a steam bath for one hour, filtered in 
a sintcred-glass crucible, and washed with hot water 
It was dried at 150° for forty-five minutes and 
weighed as CsHi,N, 04 Ki 

Copper.— A modification of the method of Hillc- 
braiid. el al (15), was used A sample containing 
from 0 05-fl25 Gm of copper was treated with 20 
ml of acetic acid to decompose the chelate and then 
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with SO ml of water To the solution was added 5 
Gm. of potassium iodide dissolved in a little water, 
and 75 ml. of carbon tetrachloride was added. The 
mivturc was filtered into a separatorj- funnel, the fil- 
tration funnel being washed with carbon tetrachlo- 
ride, and the filtrate was immediately titrated with 
thiosulfate solution, preferably having a titer equal 
to 0.005 Gm of copper. The funnel was shaken 
after each addition of thiosulfate, the end point was 
the disappearance of the pink color in the organic 
layer. The usual method of titration of tlie aqueous 
solution could be emplo\-cd if the chelate did not im- 
part color to the solution 

Zinc. — A modification of the method of Kolthoff 
and Sandell (IG) was used A solution containing 
approximately 0 05-0 1 Gm of zinc was prepared 
by treating the compound with 3 ml of concentrated 
hydrochloric acid and then diluting with 200 ml of 
water. To the solution was added a few drops of 
methyl red followed bj' ammonium hydroxide until 
the solution just turned _vellow It was heated to 
90°, and 30 ml of 20% diammonium phosphate was 
slowly added It was kept hot on a steam bath for 
an additional half-hour, and the precipitate was set 
aside for two hours The product was filtered 
through a porcelain crucible, washed with 1% di- 
ammoniura phosphate until chlorine-free, and then 
washed with 50% alcohol It was heated slowly 
until water and ammonia were e.xoelled, and was 
then heated at 900° to constant weight. It was 
weighed as ZhiPjOt 

Iron. — The procedure of Kolthoff and Sandell (17) 
was used without modification 

SUMMARY 

1. Metal complexes, which are probably che- 
lates, have been prepared of riboflavin-o'-phos- 
phate and phthaloylhydrazine using divalent 
copper, cobalt, nickel, iron, and zinc ions. 


2. Analytical results on the riboflavin-.V- 
phosphate chelates show the following general 
formulas to exist at three pH values: at pH9, 
R-Mc'xH;0 for Co and Ni chelates; at pllT, 
Rs-Ma’xHiO for Co, Ni, Fe, and Zn chelates, and 
Ro-Ms'xHiO for Cu; at pH3, Ro-jM-.xHiO for Co, 
Ni, and Zn chelates, and R2-M3-xH20 for Cu. 

.3. Antitubercular tests in mice carried out on 
a number of these chelates showed them to be 
essentially inactive, although small increases in 
surtdval time were noted wdth the riboflavin-5'- 
phosphate chelates. 
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The Preparation of Some Derivatives of Oximes" 

By LOUIS GASSt and FRANK W. DOPE 


Fourteen new esters of a series of oximes have 
been synthesized. Some of the more impor- 
tant physical properties has e been determined. 

xiMES and their derivatives have been found 
to possess activity as muscle relaxants 
(1, 2), local anesthetics (3) cholinesterase 
activators (-1), antifungal agents (.5, 0, 7). try- 
panocides (S), antibacterials (0, 10), tuberculo- 

• Recei\ed July 30. 195S, from the College of Pharmacy 
The Ohio Stale Uni\er<iity. Columbus 10 

t Present address Whitehall Pharmaceutical Comp3n> , 
Hammonton. N J 

This tnaten il was abstracted from a pKirtion of a disser 
talion submitted to the Graduate School of The Ohio Slate 
L’nisersity by L Gass in partial fulfillment of the require- 
ments for the degree of Doctor of Pliilovjphy 


slaticsfll, 12), and antirickcttsials (13). .Several 
oximes have been shown to possess anticonvulsant 
activity, comparable to diphcnylhydantoin, 
against electric shock (1-1). However, they also 
produced certain toxic effects (1, 1.5-17). 

Little work has been done in the field of esters 
of o.ximes for the preparation of useful products 
with the cxceiJtion of those having insecticidal 
activity (IS). It was, therefore, decided to 
prepare a series of esters of oximes for later 
pharmacological testing, having possible anti- 
convulsant activity similar to the original oximes. 
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The synthesis of a series of selected esters of 
five oximes, namel)’’: anisaldoxime, benzaldoxime, 
acetophenone oxime, benzophenone oxime, and 
cyclohexanone oxime, is reported herein. 

The method of synthesis of these esters was 
essentially the same as that of a standard esterifi- 
cation except an oxime was used in place of the 
alcohol. A series of acids in the form of acid 
chlorides was used to make the esters of each 
oxime as follows; 


+NH;0H HCI > 

H.O 

R' O 

] 11 Anhyd. 

R— C=x\~OH + R"— C— CJ > 

Ether 

R' O 

1 II 

R— C=x~0— C— R' 

Only the syn (a) oximino isomers of the oximes 
having isomers were prepared since thej^ are 
more stable than the anti-(^) isomers (19, 20). 

EXPERIMENTAL 

Synthesis of the Oximes 

Cyclohexanone oxime was prepared according to 
the method of Vogel (21). Recryslallization from 
petroleum ether resulted in a yield of 80.7% of the 
oxime melting at 92-93'’ . 

Benzophenone o.xirae was prepared according to 
the method described in "Organic Syntheses” 
(22). The crude product was recrystaUized from 
mctlianol to give a 78 5% yield of the oxime melting 
at 144-145°. 

jyK-Benzaldo.xime was prepared by a procedure 
given by Vogel (23) in a yield of 75 0% with a melt- 
ing point of 33-34°. 

syit-p-Metboxy benzaldoxime was prepared by the 
method used for sya-benzaldoximc. The resulting 
impure product was recrystallized from ethanol in a 
75.0% yield melting at 63-64°. 

SVK-Acetophenone oxime was also prepared by the 
method used for jy«-benzaldoxime The crude 
product was reciystailized from water in a yield of 
80 5% and melting at 58-60°. 

Synthesis of Esters of the Oximes 
The following general procedure was used in pre- 
paring all esters of the o.vimcs with the exception of 
the two listed below where the procedure was modi- 
fied in order to facilitate purification or crystalliza- 
tion. .Vnalytical data for each compound are listed 
in Table I, 

In a 125-ml Erlcnmeyer flask fitted with a mag- 
netic stirrer and cooled in an ice bath was placed 
0 05 mole of the oxime and 50 ml. of anhydrous ether 
to which was added 0 05 mole of the appropriate acid 
chloride.’ The mixture was stirred for five minutes 


< All acid chlorides ncrc used />" ir mtb the ciception of 
A auro hcnroyl chlondc which was dissolved in anhydrous 
cUicr 1...1 tnl ) before adding to the appropnate oxime 


after the addition of the acid chloride and the flask 
was then removed from the ice bath. Upon ex'apo- 
rating the ether under a stream of air, a precipitate 
formed which was mixed with 200 ml. of a 3% solu- 
tion of sodium bicarbonate and stirred for ten min- 
utes. The solid material w'as then filtered with suc- 
tion, washed with 300 ml. of cold distilled water, and 
then recrystaUized from an ethanol-water mixture 
after decolorizing with activated charcoal. The re- 
crystaUized products were dried /« vaciiP (2 mm. over 
phosphorus pentoxide) from 40 to 60°. 

Cyclohexanone Oxime Phenyl Acetate. — Using 
the general procedure described above, 5.7 Gm. 
(0.05 mole) of cyclohe-vanone oxime was mixed with 
7.7 Gm. (0.05 mole) of phenyl acetyl chloride in 
anhydrous ether. The ether was evaporated under 
a stream of air and the liquid remaining was dis- 
solved in 100 ml. of benzene. After washing the 
benzene solution tw'ice with 100-ml, portions of 3% 
sodium bicarbonate solution, the benzene layer rvas 
dried over anhj’drous sodium sulfate. This dried 
benzene solution tvas decolorized with activated 
charcoal and the benzene removed under a stieam 
of air. The remaining oil-like product was dried 
over phosphorus pentoxide in a vacuum desiccator. 
Several attempts were made to purify the oil-Iifce 
product by crystallization but without success. 
When purification was attempted by distillation, 
the oil-like product distilled at 80°/2 mm. with 
decomposition. 

jy«-Acetophenone Oxime Phenyl Acetate. — The 
same procedure above was used to react 6 8 Gm. 
(0.05 mole) of yy«-acetophenone with 7.7 Gm. (0.05 
mole) of phenyl acetyl chloride and purify the result- 
ing ester. The oil-Vike product obtained from ben- 
zene was dissolved in 100 ml. of absolute ethanol and 
decolorized with activated charcoal. The filtrate 
was placed in a diy ice-acetone bath and distilled 
water was added slowly with rapid stirring until a 
precipitate formed. The crj'Stals were filtered with 
suction and dried in a vacuum desiccator over phos- 
phorus pentoxide in a refrigerator. 

Infrared Spectra. — Infrared spectra of the oxi- 
mino compounds were prepared in the Department of 
Chemistry of The Ohio State University using a 
Baird Associates Infrared Recording Spectropho- 
tometer, Model B, equipped with a sodium chloride 
prism. A potassium bromide pellet of each com- 
pound served as the investigated sample since there 
were no bauds present which interfered with the ab- 
sorption peaks of the oximino compounds. Due to 
the comple.xity of the compounds studied, only two 

I 

characteristic bands were considered ; the — C~K — 
band appearing at 6 02 to 6.22 ^ (24) and the 

O 

II 

■ — C-— O — ■ band appearing at 5 7 to 5.85 p.- These 
two characteristic bands were present in the infrared 
spectra of all the esters prepared. 

DISCUSSION 

.Xiih.vdrous ether was used in preference to other 
solvents for the esterification of the oximes similar to 


» Ester carbonyl absorption band n as taken from a compila- 
tion of knonn groups by the Ohio State University Depart- 
ment of Chemistry 
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the method used by Ivlinunni (25, 26) when it was 
found tliat the yield of the final products were higher 
from this solvent than any other used and that it 
favored the formation of the ryn-esters (27, 28) At- 
tempts uere made to carry out the esterification of 
the o\imes in diraethylforraamide, pyridine, and 
pyridine-ether mixture With cyclohexanone oxime 
and benzophenone oxime, the yields of the esters 
formed ranged from 25 to 407o lower in these sol- 
vents than in pure ether. Hauser and ^^ermillion 
(29, 30) similarly prepared benzoate esters of oximes 
and found that the syn forms nere stable in pyridine 
alone or in a pyridine-triethyl or propylamine mix- 
ture However, in the presence of pyridine and py- 
ndimum chloride, formed during esterification, there 
was a decomposition of the rv«-oximes into the anti 
form and then into the nitrile if the product remained 
more than a few minutes in this solvent In several 
cases it nas found that esterification of oximes led 
to the formation of the syn- and anti- esters (27, 29), 
while in another instance esterification was found to 
take place by the combination of a lactone with an 
oxime in the presence of tnethyl amine (31) 

Grammaticakis (32, 33) suggested that N-acyla- 
tion is favored over 0-acylation by showing that 
acetylation of benzaldoxime yielded the same prod- 
uct as the oxidation of N-acetyl-N-benzylln droxyla- 
mine, namely, K-acetjlbenzaldoxime Also absorp- 
tion spectra studies of acetjdated oximes showed the 
presence of the nitronic structure nhich favored the 
N-accty!ation This was also confirmed by the re- 
action of substituted arjdaldoximes with the Grig- 
nard reagent since the Grignard reacts only with the 

— C==N — group of these compounds The above 
data substantiated a previous claim of Schmidt (34) 
that N-acylation took place in preference to O acyl- 
ation 

Exner (35) challenged the above work on the basis 
of his experimental results with the same types of 
compounds Ultraviolet spectral analyses which he 
carried out corresponded to the 0-acyl derivatives 
and the reduction of these 0-acyl derivatix’cs with 
lithium aluminum hydride gave primarily the cor- 
responding alcohol and oxime which was further re- 
duced to the amine 

Our infrared analyses substantiate Exncr’s work 

i 

They show the — C==-H — band, as stated previously, 
appearing in the correct range, 6 02 tc 0 22 and the 

O 

!l 

— C — O — baud, 5 7 to 5 85 p, indicative of an ester 
linkage This evidence together with the nitrogen 
analyses favors the existence of O-acylation rather 
than N-acylatinn 


SUMMARY 

Fourteen new esters of a series of oximes, 
namely; tlte benzoates, )>-nitro-benzoates, p- 
methoxy-benzoates and phenyl acetates of 
cyclohexanone oxime, benzophenone oxime, ben- 
zaldoxime, anisaldoxime, and acetophenone oxime 
are reported. 

The esters are characterized by nitrogen anal- 
yses, saponification equivalents, and infrared 
ana!}-ses u hich favor the e.xistence of 0-ac3dation 
rather than N-aejdation. 
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8-(Dialkylaminoalkylammo)-cajEf’eines as Potential 
Pharmacodynamic Agents* 

By J. H. BURCKHALTER and DALE R. DILL 

A group of caffeine and theophylline derRatives containing basic side chains at 
position 8 were synthesized as potential pharmacodynamic agents. An attempt was 
made to explain why type I compounds were at times isolated as the free base and 
again as the hydrochloride and also why the dihydrochloride and dimethiodide 
of the same compounds could not be prepared. As an illustration of pharmaco- 
dynamic actions, the methiodide of one of the type I compounds caused marked 
postural hypotension in the absence of autonomic blockade, while no ganglionic 
blocking or anticholinergic effect was observed. 


Tn a se.vrch for chemical structures which 
might possess h3’potensive action, it was 
considered desirable to attach basic side chains to 
nuclei which are well known for their pharma- 
codt'namic properties. As a part of these 
studies, caffeine was chosen since it is known to 
possess a variety of cardiovascular activities, 
and, since the reactive S-chlorocaffeine is readily 
available (1), it was decided to synthesize a 
number of S-diaUcylaminoalkvlaminocaffeines (I) 
and S-dialkylaminoalkox3’caffeines (II). Also 


CH: 
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CH, 


CH, 

X 




.\H— (CH,),,— XR, 
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CH, 


ciL^yi, /X 
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oAx'" X 

CH, 
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II 


their quaternary ammonium derivatives were 
desirable because of the well established activit3- 
of quatemar3' nitrogen compounds against 
autonomic functions in the bodv. 

The preparative method emploved for I was 
similar to that of Blicke and Godt ( 2 ), who made 
certain S-alkvlaminocaffeines b3' heating an 
alcoholic mixture of S-chlorocaffeine and alktd- 
amines in a pressure bottle. For the purpose of 
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these studies, diamines were used in place of 
monoamines and most of the results are sum- 
marized in Table I together with a number of 
quaternar3’ ammonium derivatives. Analogous 
compounds have been made b3’ others b3’ sealed- 
tube reactions ( 3 ). 

When eth3-lenediamine was emplo3'ed in the 
reaction designated as Procedure I, S-(cth3'l- 
enediamino)-bis-caffeine (V), which contains two 
caffeine residues, was obtained. When 8-ehloro- 
caffeine was replaced b3’ 8-chlorotheoph3’lline in 
Procedure I and employed with the appropriate 
diamine, 8- [ 4 - (l-methylpiperazin3d) ]-theoph3dlinc 
(VI) and 8-(N,N-dieth3deth3denediamino)-theo- 
ph3’lline h3’drochloride (VII) were S3’nthesized. 
With N,N-dimeth3’Ieth3’lenediamine, 8-chIoro- 
theoph3dline 3’ielded directl3' the 8-chlorothco- 
ph3'llate salt (VIII) instead of the h3’dro- 
chloride or free base. 

During the preparation of this manuscript, a 
publication appeared which describes the synthe- 
sis of three S-(dialk3daminoalko.x3’)-caffeines of 
structure II ( 4 ). For this reason, we wish to 
report now the S3'nthesis of three compounds of 
the same general structure. 

.Although Cooper and Chene3' ( 5 ) and Chakra- 
vart3' “’’d Jones ( 4 ) were suceessful in condensing 
S-chlorocaffeine with the sodium salts of amino 
alcohols to obtain t3’pe II compounds, we were 
unsuccessful in emplo3’ing this approach. In- 
stead, 8-ehlorocaffeine, etlndcne bromolu’drin, 
and sodium aeetatc were heated at elevated 
temperature to give S-(2-bromoetho.x3')-caffeinc 
which was allowed to react with dimethvlaminc, 
pyrrolidine, and X'-mcthvI[)ipcrazine to produce 
the expected products (II) in c.xcellent 3'ield. 

When X,X-dimeth3-leth34enediamine was em- 
ployed according to Procedure I, a caffeine deriva- 
tive of t3’pc I (compound I of Talde I) was ob- 
tained in 'even different experiments as the free 
base This result was expected, especiall3' since 
a one-hundred per cent e.xcess of starting diamine 
was cinj, loved in order to take up the hvdrogcn 


I'K) 
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Table I. S-(DlAI,KyLAMINOAI,Kyl.AMrNo)-CAFPEINES 



Fro- 

M. P.. 

Yield, 


V— — C 

— Anaiy 


H 

No 

R cedure 

6 C 

% 

FormuJa 

Calcd. 

Found 

Calcd 

Found 

1 

N,N-Dimethylethyl- I 
enediamiao 

205 

89 


51 41 

51 24 

7 19 

7 09 

2 

AhN-Dimethylethyl- I 
enediamino hj'dro- 
chloride 

289 

44 


45 89 

45 52 

6 09 

6 75 

3 

N,N-Diraethylethyl- HI 
enediamino meth- 
iodide 

285 

80 


36 97 

36 78 

0 

6 57 

4 

N.N-Dimethj-lethy!- Ill 
enediamino p- 
chlorobenzyJ 
chloride 

230 

90 

Ci»H,„NcO,Cl. - 

47 S» 

48 12 

6 33 

G 29 

5 

N,N-DjethylethyI- I 
enediamino 

186 

71 


54 52 

54 28 

7 84 

7 56 

6 

N,N-Diethy]ethyl- I.IIA 

enediamino hydro- 
chloride 

270 

76,98 

ChHiiXcO, 

48 75 

48 88 

7 31 

7 55 

7 

N,N-Diethylethyl- HI 

enediamino ethio- 
dide 

264 

73 


41 38 

41 30 

6 39 

6 34 

8 

N-Methylpipera- 1 

zinyl hydrochlo- 
ride 

344 

65 


47 48 

47 83 

6 44 

6 43 

9 

N.N-Dimethyl-1,3- I 
propanediamino 

178 

61 

CmH-NcO, ^ 

51 46 

51 46 

7 64 

7 68 

10 

N,N-Dimethy!-1,3- III 
piopanediamino 
methiodide 

279 

90 

C„H,«X60,I' 

38 54 

38 59 

5 Vs 

5 S3 

U 

N.N-Diethyl-l.e- 

hexanediamino“ 

183 

48 

CiaH^nXcO, V-H.O 

57 88 

5S 26 

8 97 

8 88 

12 

N,N-Diethyl-1,6- IIB 

he.\-anediamino 
hydrochloride 

236 

94 

CisHnNaO: HCF 

53 92 

53 95 

S 30 

S 32 

13 

N,N.Diethyl-l,6- 111 

hexanediamino 
ethiodide 

185 

99 

C.oH,;NeO:I HsO”'’ 

44 75 

44 61 

7 06 

T 30 


“ Rcm’Stailized from absolute alcohol three times 6 In one experiment the hydrocblonde of this base was also obtained 
from the reaction « Heated at ISO-aflO” a Yields may be improved by obtaining second crop crystals ' drochlonde 
salt of the free base is less soluble in absolute alcohol than is the free base / Principal product from reaction ® Heated at 
150®. * From 66% alcohol * Second crop product may be free base j From SUUy SoKe B-absolute alcohol mixture 

* Crude product u as treated with dilute sodium hydroxide and extracted with chloroform which was then evaporated i Heated 
at reflux for an hour From methyl alcobo/ « Decomposed by light & From tneth>l alcohol or water methjl alcohol 
p Healed at reflux overnight c From alcohol-water mixture r Washed mth ether 4 Refluxed for sixty hours * Hydro 
scopic w From alcohol r From isopropyl alcohol tr gee experimental 


chloride produced. However, during one experi- 
ment, when the temperature of reaction was 
elevated to 190'-200°, compound 1 was isolated, 
surprisingly, as the monoliydrocWoride salt. 
Further, when N,N-dimethyl-l,3-propanedianiine 
or N-methylpiperazine was used in the same 
reaction at 150°, the product precipitated in the 
fonn of the hydrochlonde salt. The last result 
appears strange in view of the fact that a quantity 
of the hydrochloride of S-fN-metlivlpiperazinvl)- 
calTeine was insoluble in alcohol at room tempera- 
ture, but dissolved upon treatment with N- 
nictliylpiperazine. Finally, in one experiment 
involving M,N-dicthyletliyIenediamine, the 
product was isolated as the free base, while in 
another experiment under apparently the same 
conditions the hydrochloride was isolated. 

In an attempt to find an e.xplanatioii for these 
results, relative pH determinations using the type 
I bases and the starting diamines in alcoholic 
solution were made. However, no light was 


shed thereby upon the results obtained, for, 
as expected, lower readings were noted for the 
product than for the starting amine. An 
explanation based upon chance precipitation was 
next considered. 

Since a hundred per cent excess of starting 
amine was employed in the syntheses, at the end 
of the reaction four compounds should he in 
equilibrium. They are starting amine, product 
amine, and their hydrochlorides. Once one of 
the constituents, for example the product amine, 
has through chance commenced to separate from 
solution, the equilibria involving the four com- 
pounds would shift to favor removal of hvdrogen 
chloride from the product by the excess of 
starting amine until a good yield of free base of 
the product was isolated. Likewise, if the 
product happened to begin to crystallize as the 
hydrochloride the equilibria would shift so tliat 
the starting amine would give up its hydrogen 
chloride. 
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Product amine + starting amine HCl 

Product HCl + starting amine 

AVhen an excessive amount of hydrogen chloride 
was passed into a solution of a type I base (Pro- 
cedure II), a dihydrochloride salt might have been 
expected, but only the monohydrochloride 
resulted. Likewise, attempts to make bis quater- 
naries (Procedure III) gave the monosubstituted 
derivatives. Further, neither S-N-pyrrolidinyl- 
nor S-N-piperidinylcafleine, originally made bv 
Blicke and Godt (2), could be quaternized. 
These facts suggest that the amino group at 
position S of caffeine derivatives of I is lacking in 
basicit 3 ’. 


O 


CH, 


CIL^^/X 
X ” 

I .. . 

X 

O I H 
CH., 


=X— (CH,)„— XKj 


III 


n CH, 

i I 

CHj. i /X 




>=x— (CH.)„— XR. 


(+> 

CH, 


IV 


Structure III, a tautomeric form of I, docs not 
allow as man\' resonance structures as I nor does 
it provide the conjugated st'stem of I. Thus, 
there would be a large loss in resonance cnergi- 
in going from structure I to III. For these 
reasons, only structure I is considered to be of 
importance, and taking a closer look at it and 
its resonance forms, one can see the O-o-xo atom 
as the major perturbation. Because of this 
carbonvl, one can designate the resonance forms 
of I as I\’. Xot only is high resonance energy- 
demonstrated by R', but also it possesses an 
excellent conjugated system. If the secondary 
S-amino group were to be involved in the forma- 
tion of a hvdrochloride salt, some resonance 
structures would be prevented and resonance 
energv would be lowered. Further, it may be 
obserx-ed that I is a vinylogous amide, and, there- 
fore. the ring nitrogen at position 9 as well as the 
secondary amino at would be lacking in basic 
proi>crties. Thus, an explanation is offered for 
the inabililv of I to fonn dihydrochloride and 
dimethiodidc salts under the conditions em- 
ployed. 


Pharmacological Results. — .After having 
studied intravenously the action of several of the 
caffeine derivatives of Table I in anesthetized, 
vagotomized dogs. Dr. Neil C. Moran, of the Na- 
tional Heart Institute, Bethesda, Aid.,' made the 
following statement: “. . .the compound of most 
interest is compound 3 because of the marked 
postural hypotension in the absence of autonomic 
blockade. Also, compounds 1 and 4 look 
interesting because of the direct fall in blood pres- 
sure in the absence of autonomic blockade. 
Whether these actions can be attributed to a 
central nervous svstem effect can only be de- 
termined by' further, more definitive experi- 
ments.” 

Dr. Graham Chen, of Parke, Davis and Co. 
Research Laboratories, Detroit, Alich., found 
compounds 3 and S of Table I, S-[2-(l-pyrroli- 
dinyl)-etho.xy']-caffeine(IX)and 8-[2-(4-methyl-l- 
piperazinyl)-ethoxy]-caffeine (X) to be devoid of 
hypotensive activity when administered orally at 
20 mg./Kg. in the perinephritic rat. Also, 
compounds 3 and X were found to lack hypnotic 
activity when administered orally at 500 mg./Kg. 
in the rat. Concerning compound 3, Dr. Clien 
added, "No ganglionic blocking or anticholinergic 
effect was observed in pentobarbitalized dogs at a 
total dose of 10 mg./Kg. intravenously. The 
intraperitoneal lethal toxicity is about 00 mg./Kg. 
in mice.” 


EXPERIMENTAL 

8-Chlorocaffeine. — This was prepared by Long’s 
modification of Fischer and Reese’s procedure (1). 
In this method, dry caffeine was dissolved in chloro- 
form and chlorine gas was passed through the solu- 
tion until the precipitate which first appeared had 
dissolved. After removal of the chloroform, the 
desired product in very pure state remained, m. p. 
184°. In the present studies, it was found that it 
was very important to employ anhydrous caffeine. 
X^e.arly a quantitative yield of 8-chlorocaffeinc was 
obtained wlieu the commercially available caffeine 
monohydrate was dried at 0')° for three days before 
use. 

8-Chlorotheophylline. — This was prepared by the 
method of V. Voshitomia ((>). 

N,N-Diethy]-l,6-hexanediamine. — This is the 
only required diamine which was not readily avail- 
able from commercial sources It was preiiared 
from r-bromocapronitrile and diethylaniine by the 
procedure of Hreslow and Hauser (7). The result- 
ing amino nitrile was reduced with R.'iney nickel to 
the desired iiroduct using the method of Turner 18). 

Piocedurr I - I!v a |)rocedure similar to th.at of 
Rlieke and Godt 12), t) t).! mole of 8-chIorocaffeine 
or .S-chlortitheophylline w.-is miverl with t). It) mole 
r»f the a)jpropri.'iIe rliamine and 7o ml. of absolute 
alcohol in a citrate i»ressure bottle and he.-itetl at 
17ti° for tvenl\-four hours ,\fter cooling to room 
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temperature, the pressure bottle was opened and the 
contents were refrigerated oiernight The product 
w as obtained bj filtration and frequenth purified by 
recn stalhzmg from absolute alcohol and washing 
w ith anh} drous ether 

Procedure II — (A) The free base of the diamine 
(0 01 mole) was dissohed m 100 ml of hot absolute 
alcohol and, while the solution was still hot, a \igor 
ous stream of dry hidrogen chloride gas was passed 
into it until It was quite acidic The \olume was 
then reduced bj one half and the mixture was re 
frigeratcd The product was filtered from the solu- 
tion and then reerj stalhzed from absolute alcohol 
(S) The free base of the diamine (0 01 mole) was 
dissolved m anh 3 drous ether and a x igorous stream 
of drj hjdrogen chloride gas was passed into the 
solution The hj drochloride salt immediateb' pre 
cipitated The product was collected on a filter and 
rtcr> stalhzed from isopropj 1 alcohol 

Procedure III —The appropriate diamine (0 01 
mole) was dissohed in 75 ml of boiling anhj drous 
benzene Then, the appropriate alkj 1 halide (0 04 
mole) was added and heating w as continued as noted 
m Table I The mixture was chilled, and the prod- 
uct obtained bj' filtration was reerj stalhzed and 
washed with anhj drous ether The compounds 
were then dried m the oxen at 60° for twentx four 
hours The quatemarj salts were frequcntlj un- 
stable to light and hence must be stored in colored 
bottles to prevent decomposition 
8 - (N,N - Diethyl - 1,6 - hexanediamino) - caf- 
feine (Compound 11, Table I). — To a citrate bottle 
was added 8G Gm (0 05 mole) of NiE-dietlixl 
hexane-1,0 diamine, 12 3 Gm (0 05 mole) of S chloro 
caffeine, and 80 ml of absolute alcohol After heat- 
ing at 160° for thirtj' four hours, the mixture was 
chilled The solid which precipitated was remoxed 
bx filtration, it proxed to be 4 8 Gm of uiircacted 
8 chlorocafleiiie The filtrate was exaporated to 
dr) ness and the residue xvas recr) stalhzed tw ice from 
isoprop)! alcohol Tins solid was then mixed and 
heated on the steam bath with a concentrated 
sodium hxdroxide solution, and extracted with 
benzene xxliich xxas then exaporated The product 
was purified bx' three recr) stalhzations from toluene, 
XX ashed with Skellv B, and then dried at 50° for 
fort) eight hours The )ield xxas 9 0 Gm (48^) 
in p 182-183° 

8-(Ethylenediamino)-bis-caffeine (V) — This com- 
pound xxas prepared bx Procedure I except that 
equimolar portions of 8 chlorocafleinc (24 6 Gm , 
0 1 mole) and ethxlcncdiamme (5 20 Gin , 0 1 mole) 
wort heated together m a citrate bottle at 159° for 
tw clx c hours After cooling, filtering, xxashing xx itli 
.ilcohol, and recrx stalhzmg twice from dmicthxl- 
fnrmanndc, the product was obtained The )ield 
w.isl7 3Gni (04'’'r),m p > 360° 

lim/— Calcd for CijH-fX|„Oi C, 4864, H, 

5 44 round C, 49 23, H, 5 39 
8 - [4 - (1 - Meth)lpiperazinyl)] - theophylline 
(VI) — Procedure I xxas used for the preparation of 
this compound w itli the substitution of 8 chloro 
Ihcophx Ihiic for 8 chlorocafTcmc The product xxas 
recrx stalhzed three times from dmxaiie After drx- 
tiig for twentx four hours at 60°, a xield of 9 0 
Gm (Ofix'd was obtained. Ill p 275-276° 

Inn/— Cilcd for 0,5178,14,6 52 

round C, 52 20, H, 6 31 
8 - (N,N - Dieth)lcth 3 lenedianuno) - theophylUne 


Hydrochlonde (VII).- — ^8 Chlorotheophx Ihne xxas 
substituted for 8 chlorocaffeine in Procedure I 
The crude product was recrx stalhzed from absolute 
ethxl alcohol xieldmg 14 5 Gm (SS9t), m p 162° 
Ana/— Calcd for CuH-jCIXeO- C, 47 19, H. 
7 00 Found C, 4746, H, 6 92 
8 - (N,N - Dimethylethylenediammo)-theophyl- 
Ime 8-ChlorotheophyJlate (VIII). — A mixture of 
10 7 Gra (0 05 mole) of 8 chlorotheophx lime, 8 8 
Gm (0 1 mole) of X,X dimetlnlethxlenediaminc 
and 50 ml of absolute ethxl alcohol xxas heated in 
a citrate bottle at 150° for fifteen hours After 
cooling and filtering, the product xx as recrx stalhzed 
three times from absolute ethxl alcohol to xield 
120Gm (92%). m p 243-244° 

Ann/— Calcd for C.sH-.ClXioO, C, 41 SO, H. 
5 04 Found C, 4180, H. 5 07 

W hen an alcoholic solution of the product xvas 
treated with hxdrogen chloride gas, 8 chlorotheo 
phxlhne was liberated, as indicated bx mixed melt 
mg point and C-H analx sis 

8-(2-Bromoethoxy)-caffeine. — A mixture of 12 3 
Gm (0 05 mole) of 8 chlorocaffeine, 8 2 Gm (0 1 
mole) of sodium acetate and 25 ml (0 35 mole) 
of ethylene bromohydrm was placed m a citrate 
bottle and heated at 190° forfort) eight hours The 
contents of the bottle were chilled oxermght in the 
refrigerator The product xxas remoxed bx filtra 
tion and then purified by three recrx stalhzations 
from absolute alcohol (The filtrate from the reac- 
tion max be used xx itb more 8 chlorocaffeine in re- 
peating the expenment) After decolorizing xxith 
charcoal a xield of 14 0 Gni (83%) xxas obtained, 
m p 198-199° 

Ana/— Calcd for CmHisBnV.Os C, 37 87, H, 
4 13 Found C, 37 37, H, 3 94 
8-(2-( l-Pyrrohdinyl)-ethoxy]-caffeine (IX). — A 

mixture of 3 0 Gm (0 0095 mole) of 8 (iS bromo 
ethoxx) caffeine, 15 ml (0 18 mole) of pxrrolidinc, 
and 40 ml of aiihx drous benzene was heated at re 
flux temperature for twentx hours After cooling, 
the product precipitated and xxas remoxed bx filtra- 
tion This solid was extracted with ether The 
ether w as reraox ed and the residue w as recrx stalhzed 
three times from absolute alcohol and dried at 60° 
for twentx four hours xielding 2 8 Gra (93%) of 
product, m p 189-190° 

Anal —Calcd for Ci.H-.XsOj C, 54 71 . H, 6 89 
Found C, 54 68, H, 6 75 
8 - [2 - (4 - Methyl - 1 - piperazinyl) - ethoxyj- 
caffeine (X). — To a mixture of 3 0 Gm (0 0095 
mole) of 8 (2 broraocthoxx) caffeine in 40 ml of 
anhxdrous benzene, 15 ml of X-nicthx Ipiperazme 
xxas added and the solution was heated at reflux 
temperature for twenfx four hours After refriger- 
ating for three dixs, an insoluble material was fil- 
tered from the solution A total xohime of 50 ml 
of benzene and excess X methx Ipiperazme was rt- 
moxed bx distillation under reduced pressure 
AMiile hot, the residue w.is mixed with 25 ml of ab- 
solute alcohol After cooling, crx stalhzjtioii xxas 
induced bx scratching the side of the beaker with a 
glass rod The product was remoxed bx filtration 
and punfied bx three recrx stalhzations from abso- 
lute alcohol It xxas dried at 60° for tvxentx'-four 
hours Second crop crxstals were obUmed bx re- 
ehiciiig the x olumc of the filtrate and cooling to gix c 
3 0 Gra (91 of product. Ill p 144-145° 
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Alia ! — Calcd for CisHuNeOj. C, 53 55, H, 7.19 
Found: C, 53 51, H, 6 93 
8-(2-Dimethylaminoethoxy)-caffeine (XI). — In a 
citrate pressure bottle uhich had been dulled in a 
sodium chloride ice bath, there nas added 2 0 Gin 
(0.0063 mole) of S-(2-bromoetho\y) -caffeine and 30 
ml of anhydrous dimethylamine which had also 
been chilled (Bottle should be trapped as a pre- 
caution ) The pressure bottle was sealed and the 
mi.\ture was allou ed to stand at room temperature 
for tn enty-four hours After IinvJng been chilled to 
a temperature belou 0°, the bottle uas unsealed and 
alloued to stand open to the air for twenty-four 
hours The solid reimining « as recrr stallized three 
times from absolute alcohol and ivas decolorized 
once with charcoal. The product thus obtained 


after drying at 60° for twenty-four hours weighed 
1 5 Gm (85%), m. p. 211°. 

Ana/ — Calcd. for C12H19N5O3: C, 51.23; 11, 
6 SI. Found: C, 51.05; H, 6.55. 
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Micromethod for the Estimation of Anesthetics 
Derived From Aminobenzoic Acid* 


Procaine Hydrochloride^ and Tetracaine Hydrochloride^ Combined 
in Cartridges for Dental Anesthesia 


By MORRIS E. AUERBACH and MURRAY M. TUCKERMANf 

From a 1-ml. sample, total anesthetic is computed from the ultraviolet absorption of 
the e.Ntracted anesthetic bases in strongly acid solution. The minor constituent, 
tetracaine hydrochloride, is determined by simultaneously diazotizing the procaine 
and nitrosating the tetracaine. A salt, soluble in water, is produced from the pro- 
caine diazonium chloride by coupling it quantitatively with Chicago acid. The 
nitroso-tetracaine is then e.xtracted from the alkaline medium with chloroform and 
determined spectrophotometrically. 


Tn 1957 Pratt (1) reported a spectrophotometric 
titration with nitrous acid for the estimation 
of procaine hydrocliloride, propo.xycaine hydro- 
chloride, tetracaine hydrochloride, and the 
combination of procaine hydrochloride with 
tetracaine hydrochloride. For the commercially 
available formula’ containing 20.0 mg. procaine 
hydrochloride and 1.5 mg. tetracaine hydro- 
chloride per ml., Pratt required a 20-mI. sample. 
The method presented below requires a I -ml. 
sample of the same formulation. Since this 
formulation is packed in 2-ml. doses, the method 
allows the estimation of the anesthetics in the 
individual cartridges. 

PROCEDURE 

Reagents and Apparatus. — Soilium carbonate 
■solution, chloroform, alcoholic Indrogen 

•Rrcri\td Auirusl 0, ItGS, from the Sterlin,C Wintbrop 
Rc<.earch Institute. Rensselaer, N’ V 

t Pre^'cnt address Temple University, Schtxil of Phar- 
maev, Philadelpbia 40. Pa 

> Trademark N'ovocain (Winthrop Laboratone-) 

* Trademark, Poatocaiac Hv dftxihloride (V.'inlbrop Uabf.rt’a- 
torie^^ 

> N'ovc<titn Pontocainc Cftbefrm fX P C ) ^Solution, 

available from the aite laboratories, 1450 Broad* 

»Ta>. New Vtirk, X V 


chloride, 7 M (prepared by absorbing hydrogen chlo- 
ride gas in alcohol) ; sulfuric acid, 7 iV; sodium ni- 
trite, 7%; hydrochloric acid, 1 jV; C/ticago acid 
(l-amino-8-naphthoI-2, 4-disodium sulfonate) rc- 
crystallizcd by the method of English (2), 2% 

Apparatus includes: Beckman DU spectropho- 
tometer or equivalent 

Extraction of Anesthetic Bases. — Transfer a 1 00- 
ml sample to a separ.atory funnel cciitaiiiing 20 ml 
of water Add 2 ml of 10% sodium carbonate solu- 
tion, mix Extract with three 25-inl. portions of 
chloroform, pooling the chloroform extracts in a 
separatory funnel Whish the pooled chloroform 
extracts uith 15 ml of water Filter the washed 
chloroform extracts through creped 6ltcr p.ipcr into 
an evaporating disli, add 0 2 ml of 7 A/ alcoholic 
hydrogen chloride, evaporate to dryness Take up 
residue in ivatcr to make 100 0 ml 

This extraction separates the anesthetic b.iscs from 
(heir decomposition products, from iriorg.inic s.dls, 
and from phenolic bacteriostats and presere.ilivcs 

Total Anesthetic. — Transfer a 2.1-1111. aliciiiot of 
tile solution of extracted anesthetic b.ists to a .V)- 
ml volumetric flask, dilute to the mark uith 7 A’ 
sulfuric acid, mix xsell Determine the absorb nice 
of the wlutioti in ii <;i)fctroi>hi>t(>mtUr at its absorji- 
tioii inaxiimim about 272 inF, using 25 0 ml iil < 
sulfuric acid diluted to .V) 0 ml. «ith «.iler .is a 
bl.ink 
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% Total Anesthetic = 200 n,«x for pro 
came hydrochloride (A,„ 3 i is the measured absorb 
ance at the natelength of ma\iinum absorption) 

With Beckman DU No 61607, the absorption 
maMmum for procaine hydrochloride is at 272 mu 
Hith = 35 6 111 sulfuric acid ranging in con 

centration from 2 N to 7 N In the same instru 
ment, the absorption maximum for tetracaine hj dro 
chloride is at 272 m/i with = 34 5 in sulfuric 
acid ranging in concentration from 2 jY to 7 
The absorbance of the sulfuric acid blank read 
against distilled w ater at 272 mp is 0 000 
Obviously the recommended method for calcul it 
ing total anesthetic introduces an error, since it ig 
nores the fact that the absorbance of tetracaine hi 
drochloride is a little low er than that of procaine h> 
drochloride How ever, for the commercial ratio of 
drugs, the error involved is not important Calcu 
lation will show that fora solution actualh contain 
ing 0 2150% total anesthetic, the experimental \ alue 
(assuming no other errors), will be 0 2145% The 
deliberate error therefore amounts to 5 parts in 2,150 
Tetracaine Hydrochloride. — Transfer a 50 ml 
aliquot of the solution of extracted anesthetic bases 
to a separator 3 funnel, add 1 ml of 7% sodium 
nitnte, mix well, add 1 ml of 1 A’’ h\ drochlonc acid, 
mix well, let stand for five minutes Add 2 ml of 
10% sodium carbonate solution, mix, add 2 ml of 
1% Chicago acid, mix, let stand for one minute 
Extract with three 25 ml portions of chloroform, 
pooling the chloroform extracts in a separator 
Wash the pooled chloroform extracts w ith 15 ml of 
water Filter the washed chlorolorm e\tracts 
through creped filter paper into a 100 ml volumetric 
flask, dilute to the mark with chloroform, mix well 
Determine the absorbance of the chloroform solu 
tion in a spectrophotometer at its absorption maxi 
mum (about 290 mp) against a blank prepared b> 
treating about 10 mg of procaine h\ drochloride in 
50 0ml of water as described abo\ e 

% Tetracaine Hy drochloride = 

for tetracaine hj drochloride after 
extraction and nitrosation 


% Procaine Hi drochloride = 

1200 — (% Tetracaine HCI X SiTm tetra- 
caine HCl) procaine HCl 

PRECISION AND ACCURACY 

Six replicates of a solution made up to contain 
20 000 mg of procaine hx drochloride and 1 500 mg 
of tetracaine hi drochloride per ml w ere assai ed w ith 
the results show n m Table I 

As an additional check of the method, aliquots of a 
commercial sample, dehberateli partialli decom- 
posed b 3 heating, w ere assai ed bi Mr Pratt bi his 
spectrophotoinetric nitrous acid titration, using a 
20 ml sample, whereas a 1-ml sample was used m 
the method presented here Results are giien m 
Table II 

Table I — Microesthiation of Procaine and 
Tetracaine Hidrochlorides 



Total 

Tetracaine 


Anesthetic 

Hydrochloride 


% 

% 

Replicate 

2 1d% 

0 150% 

No 

Calculated 

Calculated 

1 

2 16 

0 149 

2 

2 13 

0 149 

3 

2 15 

0 151 

4 

2 13 

0 148 

5 

2 14 

0 151 

6 

2 14 

0 150 

Average 

Standard 

2 14 

0 150 

del lation 

±0 01 

±0 001 


Table II — Couparisov of the Spectrophoto 
metric Titration and Micromethod for the 
Estimation of Procaine and Tetracaine Hi- 
drochlorides 


Procaine 

Tetracaine 


Hj drochloride 

Hj drochloride 

Spectrophotometric 

round % 

Found % 

titration 

2 06 

0 125 

Micromethod 

2 03 

0 129 


One mg of tetracaine h 3 drochloride, nitrosated, 
extracted with chloroform, and the extract diluted to 
100 0 ml had, in the Beckman DU No 61607, an ab 
sorption maximum at 290 m/i Six replicates had 
measured absorbances of 0 45S, 0 455, 0 454, 0 456, 
0 452,0 455, average = 0 455, standard deiiation 
O) the method of Dean and Dixon (3) ± 0 002 
The absorbances of six blanks read against chloro 
form at 290 mu were 0 026, 0 02S, 0 024, 0 024, 
0 020,0 026, aierage = 0 026, standard deviation 
±0 002 

Procaine Hydrochloride. — Subtract the per cent 
of tetracaine hx drochloride found from the per cent 
of total anesthetic found to obtain per cent of pro 
Came hi drochloride 

If the solution is expected to contain a ratio of 
tetracaine to procaine hx drochloride of greater than 
30 Gm to 2 00 Gin , a more accurate calculation of 
procaine 111 drochloride mai be made as follows De 
tcnnme the absorbance at about 272 w/j as directed 
cc Total Anesthetic, then use the following form for 

computation 


DISCUSSION 

The quahtatiie and quantitatiie changes in the 
ultrai lolet absorption spectra of aromatic amines as 
pH of the solient changed oxer the range of 2 to 12 
liaiebcen noted bx mam authors As carli as 1959, 
lioweier, the marked change in absorption spectrum 
of procaine as the iciditi of the aqueous medium 
was increased from 0 01 jV to 7 A' was recogmred in 
this laboratorx * This change in spcclniin at high 
acid concentrations was found to be a propcrti com 
inon to all p amiiiobciizoic acid dcriiatiies iiiiesti 
gated In neutral medium, these compounds haic 
an absorption maximum at 300 ±10 mti, but in solu- 
tions of aciditi greater than 1 A all except propoxi - 
came hue an absorption maximum at 272 ±1 nm 
Propoxi came, which differs from the other p amino 
benzoic acid anesthetics in hai ing a propoxi group 
substituted on the benzene ring, has an absorption 
spectrum strikingli different from the other mem 
bers of the group It show s tw o absorption m ixinia 

• To an important extent the work cfll \\n I ekert / 
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Anal. — Calcd. for CisHiiXeOj; C. 53 55; H, 7.19. 
Found: C, 53.51; H, 0.93. 

8-(2-Diinethylaminoethosy)-caffeine (XI t. — In a 
citrate pressure bottle ivhich had been chilled in a 
sodium chloride ice bath, there was added 2 0 Gin. 
(0.0063 mole) of S-(2-bromoethoxy) -caffeine and 30 
ml. of anhydrous diraethylamine which had also 
been chilled. (Bottle should be wrapped as a pre- 
caution.) The pressure bottle was sealed and the 
mLxture was allowed to stand at room temperature 
for twenty-four hours. .After having been chilled to 
a temperature below 0°, the bottle was unsealed and 
allowed to stand open to the air for twenty-four 
hours. The solid rem-jining was recrystallized three 
times from absolute alcohol and was decolorized 
once with charcoal. The product thus obtained 


after drving at 00° for twentv-four hours weighed 
I.5Gm.’fS5^).m.p.211°. 

Calcd. for C,;H,sXsOj; C. 51.23; H, 
C.Sl. Found; C. .51.05; H. 0.55. 
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Micromethod for the Estimation of Anesthetics 
Derived From Aminobenzoic Acid* 

Procaine Hydrochloride ^ and Tetracaine Hydrochloride^ Combined 
in Cartridges for Dental Anesthesia 


By MORRIS E. AUERBACH and MURRAY M. TUCKERMANf 

From a 1-ml. sample, total anesthetic is computet) from the ultraviolet absorption of 
the e.vtraaed anesthetic bases in strongly acid solution. The minor constituent, 
tetracaine hydrochloride, is determined by simultaneously diazotizing the procaine 
and nitrosating the tetracaine. A salt, soluble in water, is produced from the pro- 
caine diazonium chloride by coupling it quantitatively w-ith Chicago acid. The 
nitroso-tetracaine is then extracted from the alkaline medium with chloroform and 
determined spectrophotometrically. 


Tn' 1957 Pratt (1) reported a spectrophotoraetric 
"*■ titration ivith nitrous acid for the estimation 
of procaine hydrochloride, propoxycaine hydro- 
chloride, tetracaine hydrocliloride, and the 
combination of procaine hydrochloride willi 
tetracaine h\-drochloride. For the commercially 
available formula’ containing 20.0 mg. procaine 
hv-drochloride and 1.5 mg. tetracaine hydro- 
chloride per ml., Pratt required a 20-mI. sample. 
The method presented beloiv requires a 1-ml. 
sample of the same formulation. Since this 
formulation is packed in 2-ml. doses, the method 
alloivs the estimation of the anesthetics in the 
individual cartridges. 

PROCEDURE 

Reagents and Apparatus. — Sodium carbonate 
solution, 10%; chloroform; alcoholic hydrogen 

* Received August 9, 195S, from the Sterling- \\-intbrop 
Research Institute, Rensselaer, N. V. 

t Present address: Temple University, School of Phar- 
macy, Philadelphia -iO, Pa. 

* Trademark, Novocain (Winthrop Laboratories). 

* Trademark, Pontocaine Hydrochloride (Winthrop Labora- 

* Novocain-Pontocaine-Cobefrin (N. P- C.) Solution, 
available from the Cook-Waite Laboratories, 1450 Broad- 
way. Nevr York, N. Y. 


chloride, 7 Jf (prepared b\* absorbing hydrogen chlo- j 
ride gus in alcohol) ; sulfuric acid, 7 .V; sodium ni- j 
trite, 75c; hydrochloric acid, 1 .V; Chicago acid 
(l-ainino-S-naphtIiol-2,4-disodium sulfonate) re- 
crystaJlized by the method of English (2), 25c- 

Apparatus includes: Beckman DE" spectropho- 
tometer or equivalent. 

Erti*action of Anesthetic Bases. — ^Transfer a 1.00- 
ml. sample to a separatory funnel centaining 20 ml. 
of water. Add 2 ml. of 105c sodium carbonate solu- 
tion, lube. Extract with three 25-mI. portions of 
chloroform, pooling the chloroform extracts in a 
separatory funnel. Wash the pooled chloroform 
extracts with 15 ml, of water. Filter the washed 
chloroform extracts through creped filter paper into 
an evjiporating dish, add 0.2 ml. of 7 .1/ alcoholic 
hydrogen chloride, evaporate to dr\*ness. Take up 
residue in water to make 100.0 ml. 

This extraction separates the anesthetic bases from 
their decomposition products, from inorganic salts, 
and from phenolic bacteriostats and preservatives. 

Tot^ Anesthetic. — Transfer a 2o-ral. aliquot of 
tlie solution of extracted anestlietic bases to a 50- 
inl. volumetric flask, dilute to the mark with / A 
sulfuric acid, mix well. Determine the absorbance 
of the solution in a spectrophotometer at its absorp- 
tion ma.\imum about 272 m^, using 25.0 ml. of / A 
sulfuric acid diluted to 50,0 ml. with water as a 
blank. 
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% Total Anesthetic = 200 for pro- 
caine hydrochloride is the measured absorb- 

ance at the wavelengtli of maximum absorption). 

With Beckman DU No. 61607, the absorption 
maximum for procaine li3'drochIoridc is at 272 mu 
with = 35.6 in sulfuric acid ranging in con- 

centration from 2 A’^ to 7 A^. In the same instru- 
ment, the absorption maximum for tetracaine hj-dro- 
chloride is at 272 mp with = 34.5 in sulfuric 

acid ranging in concentration from 2 N to 7 A'. 

The absorbance of the sulfuric acid blank read 
against distilled water at 272 mu is 0.000. 

Obviouslj- the recommended method for calculat- 
ing total anesthetic introduces an error, since it ig- 
nores the fact that the absorbance of tetracaine h\’- 
drochloride is a little lower than that of procaine h 3 ’- 
drochloride. However, for the commercial ratio of 
drugs, the error involved is not important. Calcu- 
lation will show that for a solution actual^' contain- 
ing 0.2150% total anesthetic, the experimental value 
(assuming no other errors), will be 0.2145%. The 
deliberate error therefore amounts to 5 parts in 2,150. 

Tetracaine' Hydrochloride. — Transfer a 50-ml. 
aliquot of the solution of extracted anesthetic bases 
to a separator 3 ' funnel, add 1 ml. of 7% sodium 
nitrite, mix well, add 1 ml. of 1 W h 5 ’drochloric acid, 
mix well, let stand for five minutes. Add 2 ml. of 
10% sodium carbonate solution, mix, add 2 ml. of 
1% Chicago acid, mix, let stand for one minute. 
Extract with three 25-ml. portions of chloroform, 
pooling the chloroform extracts in a separator. 
Wash the pooled chloroform extracts with 15 ml. of 
ivater. Filter the washed chloroform extracts 
through creped filter paper into a 100-ml. volumetric 
flask, dilute to the mark with chloroform, mix well. 
Determine the absorbance of the chloroform solu- 
tion in a spectrophotometer at its absorption maxi- 
mum (about 290 m^i) against a blank prepared b 3 ' 
treating about 10 mg. of procaine hydrochloride in 

50.0 ml. of water as described above. 

% Tetracaine H 3 "drochloride = 

200 for tetracaine h 3 'drochloride after 

extraction and nitrosation. 

One mg. of tetracaine h 3 ’drochloride, nitrosated, 
extracted with chloroform, and the extract diluted to 

100.0 ml. had, in the Beckman DU No. 61607, an ab- 
sorption maximum at 290 ni;i. Six replicates had 
measured absorbances of 0.458, 0.455, 0.454, 0.456, 
0.452, 0.455; average = 0.455; standard deviation 
b 3 ’ the method of Dean and Dixon (3) ± 0.002. 

The absorbances of six blanks read against chloro- 
form at 290 m/j were: 0.026, 0.028, 0.024 , 0.024, 
0.026, 0.026; average = 0.026; standard deviation 
± 0 . 002 . 

Procaine Hydrochloride. — Subtract the per cent 
of tetracaine h 3 -drochloride found from the per cent 
of total anesthetic found to obtain per cent of pro- 
caine In-drochloride. 

If the solution is expected to contain a ratio of 
tctrac.aine to procaine h 3 -drochloride of greater than 
0.30 Gm. to 2.00 Gin., a more accurate calculation of 
procaine In-drochloridc may be made as follows. De- 
termine the absorbance at about 272 in/i as directed 
for Total .\nesthetic, then use the following form for 
computation. 


% Procaine H 3 -drochloride = 

[200 .4 „„ — (% Tetracaine HCl X E\2a. tetra- 
caine HCl) l/ElTa. procaine HCl 

PRECISION AND ACCURACY 

Six replicates of a solution made up to contain 

20.000 mg. of procaine hydrochloride and 1.500 mg. 
of tetracaine hydrochloride per ml. wereassa 3 -ed with 
the results shown in Table I. 

As an additional check of the method, aliquots of a 
commercial sample, deliberate^’ partialh- decom- 
posed b 3 ' heating, were assa 3 ’ed b 3 - Air. Pratt b 3 ’ his 
spectrophotometric nitrous acid titration, using a 
20-ml. sample, whereas a 1-ml. sample was used in 
the method presented here. Results are given in 
Table II. 


Table I. — AIicroestimation of Procaine and 
Tetracaine Hydrochlorides 



Total 

Tetracaine 


Anesthetic, 

% 

2.13% 

Hydrochloride, 

Replicate 

0.150% 

No 

Calculated 

Calculated 

1 

2.16 

0.149 

2 

2.13 

0.149 

3 

2.15 

0.151 

4 

2.13 

0.148 

5 

2.14 

0.151 

6 

2.14 

0.150 

Average 

Standard 

2.14 

0.150 

deviation 

±0.01 

±0.001 


Table II. — Comparison of the Spectrophoto- 
metric Titration and AIicromethod for the 
Estimation of Procaine and Tetracaine Hy- 
drochlorides 


Procaine 

Tetracaine 


Hydrochloride 

Hydrochloride 

Spectrophotometric 

Found, % 

Found, % 

titration 

2.06 

0.125 

AIicromethod 

2.03 

0.129 


DISCUSSION 

The qualitative and quantitative changes in the 
ultraviolet absorption spectra of aromatic amines as 
pH of the solvent changed over the range of 2 to 12 
have been noted b 3 ’ man 3 - authors. .\s carh- as 1 959, 
however, the marked change in absorption spectrum 
of procaine as the acidit 3 ’ of the aqueous medium 
was increased from 0.01 A' to 7 A’ was recognized in 
this laboratory.* This change in spectrum at high 
acid concentrations was found to be a propert 3 ’ com- 
mon to ail p-aminobenzoic acid derivatives investi- 
gated. In neutral medium, these compounds have 
an absorption maximum at 300 ±10 ma, but in solu- 
tions of acidity greater than 1 A' all except propoxy- 
caine have an absorption maximum at 272 ±1 nia. 
Propoxx’caine. which differs from the other /)-amino- 
benzoic acid anesthetics in having a propoxy group 
substituted on the benzene ring, has an absorjition 
spectrum strikingh’ different from the other mem- 
bers of the group. It showstwoabsorjjtion maxim 
X 

* To an important extent, the nnrk of H. Wm. EeVert' 
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111 neutral solution (at 280 and 303 mu) and two in 
stroiigl) acid solution (at 235 and 297 inu) 

In theassaj of combinations of ancstliefics derived 
from p aminobeiizoic acid and coiitamiiig tetracaine, 
it should be noted that the chief chemical distinction 
between tetracaine and the anesthetics related to it is 
that tetracaine is a secondare aromatic amine, 
whereas the others arc primary aroiiutic amines 
This difference in structure is responsible for a dif 
ference m behavior toward nitrous acid The pri- 
mary amines react quicklj and qinntitatie clj to form 


diazoniinn salts, tetracaine reacts more slowlj, but 
still quantitatively, to form the N-mtroso derivative 
The stabilitj of N-nitroso compounds shows wide 
variation N Nitroso tetracaine is stable enough for 
use m the technique described, that is, in aqueous 
carbonate solution and m chloroform 

RErCRENCES 

(1) Pratt r I nos Journal 46, 721(19')7) 

(2) I tiRllsh r I Ana’ Chem 19,458(1947) 

(J) Dem R B and Diittm W J ibid , 23, 


Book Notices 


The Health of a Nation {Haney It^ Wiley and the 
Fight for Pure Food) B\ Oscar E Anderson, 
Jr The Umvcrsitj of Chicago Press, Chicago, 
1958 i\-t-333pp 15 5 \ 23 5cm Price SG 

This book covers the historv of the long fight for 
progressive food legislation which brought about the 
Federal Pood and Drugs Law of 19(10, and of the con- 
tinuing struggle which resulted in attempting to ad 
minister its provisions The m un emphasis, quite 
properlj, is on the life and accomphshments of Dr 
Harvej \V Wilej , w ho, as chief of the Department 
of Agriculture’s Bureau of Chemistrv , marshaled the 
forces for federal regulation of the food and drug in- 
dustries, and later served as chief administrative 
ofiicer of the 190G Food and Drugs Act 

Proceedings of the National Conference on Hospital 
Acquired Staphylococcal Disease Sponsored bj 
U S Public Health Service — Communicable 
Disease Center — National Academj of Sciences — 
National Research Council U S Dept of 
Health, Educ , and Welfare, Atlanta, 1958 m + 
ITS -h \\v' pp 20 5 \ 26 5 cm 
Papers and discussions presented during a national 
conference on hospital acquired staphv lococal dis 
ease 

Pohoinyehtis Compiled and Edited for the Inter 
national Pohomj ehtis Congress J B Lippm 
cott Co , Philadelphia, 1958 w in -f- G84 pp 
17 5 \ 25 5 cm Price 87 50 
Papers and discussions presented at the Fourth 
International Pohomj elitis Conference 

Catalysis Vol VI Edited bj Paul H Emmett 
Remhold Publishing Corp , New York, 1958 vi 
-f 706 pp 15 \ 23 cm Price S 19 50 
This sixth volume covers catalj tic cracking, isom- 
erization of hj drocarbons, poly menzation, polj mer 
ization of oleGns, alkj lation, and lij dro reforming 
This book, together with the other volumes of the 
senes, should prove of tremendous value to phjsical 
chemists and to everj industry in w Inch catalv sis is 
involved 

Volksluinliclie Nanien der Arzneimittel, Drogen, 
Hcilkrauter iind Chemikalien Vierzehnte Auflage 
Edited by Johannes Arends Springer Verl.ag. 


Berlin, Gottingen, Heidelberg, 1958 v -f 411 pp 
13 X 18 5 cm Price DM 15 
\ dictionarv of German v ernacular drug names for 
older botamcals and medicinal chemicals 

Biological Laboratory Data B\ L J Hale John 
Wilej &. Sons, Inc, New York, 1958 \ + 132 

pp 12 \ 18 5 cm Price $2 75 
A handbook of mathematical, plivsical, chemical, 
statistical, and other data used frequentlv bj biolo 
gists 

Essentials of Therapeutic Nutrition Bj Solovion 
Garb Springer Publishing Co , Inc , New York, 
1958 i\ -f 147 pp 14 \ 21 cm PnceS2 
An outline of the principles of nutrition, thera- 
peutic diets, and reference tables designed especiallj 
for nurses 

A History of the Aincrican Soft Drink Inditslrs Bv 
JoiiNj Rilev American Bottlers of Carbonated 
Beverages, Washington, D C, 1958 \n -t- 302 
pp 15 \ 22 5 cm Price SIO 
Outlines carh efforts m Europe during the 1700’s 
to duplicate the cflervescent waters of the natural 
springs, and traces initial European developments 
The interest m the United States in the same subject 
since 1800 is also described, followed bv the origin 
of its commercial aspects when the artificiallv 
carbonated waters were sold prmiarilv m drugstores 
The part plaved bv’ pharmacists in the earlv de 
velopment of the soft drink industrj in this countrv 
IS emphasized throughout ' 

Social Aspects of Psychiatry Edited bv Benjamin' 
Pasamanick and Peter H Knapp Psj cliiatnc 
Research Reports, American Psj cliiatnc Assoc , 
Washington 9, D C , 1958 208 pp 15 \ 23 cm 

Paperbound Price $2 

Consists of a senes of papers presented to the 
Regional Research Conference held at Colmnbus, 
Ohio, on February 24-25, 1958 

CORRECTION 

Change the name of the author of “Phosphorus 
and Its Compounds” in the Book Notices section 
[This Journal, 48, 133(1959)] to read John R 
Van AA^azer instead of John R A^an AA^axer 
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The Colorimetric Determination of Certain 
Local Anesthetics With Sodium 
l,2-Naphthoquinone-4-sulfonate*t 

By EDWARD G. FELDMANN 

The quantitative reaction between sodium l,2-naphthoquinone-4-sulfonate and 
primary amines has been applied to the assay of certain local anesthetic compounds. 
The improved colorimetric method which is employed is particularly useful since it 
is simple and highly selective, and yet provides a relatively high degree of precision 
and accuracy. While the presence of secondary amines causes interference with 
most other chemical methods of assay, neither secondary nor tertiary amines display 
any adverse effect in the procedure described. _ Specific application to a commercial 

dosage form is discussed. 


T OCAL ANESTHETICS, because of their basic 
amino groups, have been conveniently 
assayed for many years by the use of acid-base 
titration methods. More recently, instrumental 
methods and particularly ultraviolet spectro- 
photometry have provided additional and often 
improved methods of analysis for these com- 
pounds. Instrumental methods are especially 
useful when the anesthetic agents are found in- 
corporated in various dosage forms. How- 
ever, certain dosage forms on the commercial 
market include various other ingredients which 
seriously complicate these conventional methods 
of analysis. 

Any material displaying acidic or basic prop- 
erties is potentially capable of interference with 
an acid-base titration. Often these materials 
are difficult to e.xtract or otherwise remove for 
this same reason. Similarly, compounds whicli 
display absorption, particularly' in the long wave- 
length regions of the ultraviolet spectrum, will 
cause interference in simple ultraviolet methods 

• RcQcivct! September 20, 105S, from the Division of 
Chemistry, American Dental Association, Chicago, 111 

t Analysis of Local Anesthetics 11 For the preceding 
paper in this scries sec This Journal, 47* 070<I05S) 

The author wishes to express his appreciation to Dr J 
Roy Doty nn<! Mr Henry St Koehler for their many bclpfo! 
comments, and to Mrs ' Helen Jones for her assistance in 
preparing the manuscript. 


of assay. For these reasons, a more selective 
method for the determination of certain local 
anesthetic compounds was sought. The clas- 
sical Folin method for the determination of amino 
acids in blood (1) provides a simple, direct, and 
relatively' accurate method for the determination 
of compounds containing a primary' amine group. 
While this procedure has been modified by’ several 
investigators (2-7), it has received little atten- 
tion as a method for the determination of other 
primary' amino compounds which might be pres- 
ent in other sy’stems. \'oncsch and Guagnfni 
(S) have employ’cd one modification of this 
method for the determination of local anes- 
Uietics. The specific procedure employed by’ 
these investigators, however, suffers in several 
respects: (o) while the color producing reaction 
proceeds most quantitatively under slighllv 
alkaline conditions (9), no provision is made to 
adjust (he pH of the reaction ; (6) bleaching the 
e-xccss reagent with strong alkali following the 
reaction gives rise to interfering reaction products; 
(c) since the colored complex produced by’ many 
local anesthetics is insoluble in dilute alkali 
except at very’ low concentrations, the detennina- 
lion of many' local ancstliclic.s is seriously limited; 
and (d) the resulting relationship between con- 
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centration and color intensity is somewhat non- 
linear. 

Furman and co-workers (7) have reported a 
greatly improved modification of the Folin pro- 
cedure and have employed it with good success 
in the determination of amino acids. This 
method, when employed in the determination of 
local anesthetics, was found to lie highly satis- 
factory in this laboratory. The procedure has 
none of the disadvantages of the Voncsch and 
Guagnini method which have been noted above. 
The Furman modification was found to give a 
reproducible straight-line relationship between 
color development and concentration for those 
local anesthetics containing primary amino 
groups. Moreover, other anesthetics having 
secondary or tertiary amino groups, but no 
primary amines, produced no color, and there- 
fore gave no interference in the procedure. As 
a result, this method provides a means of assay- 
ing selectively for one anesthetic agent contain- 
ing a primary amine in the presence of a second 
anesthetic having only secondary and tertiary 
amino groups. 

One such dosage fonn mixture is currently 
being marketed in dentistry. This product* 
contains both 2'-diethylaminoethyl 4-amino- 
benzoate hydrochloride (procaine hydrochloride) 
and 2'-dimethylaminoethyl 4-butylaminobenzo- 
ate hydrochloride (tetracaine hydrochloride). 
The structural fonnulas for procaine (I) and for 
tetracaine (11) are illustrated. Because of the 

C— O— CHjCH^n'^ 

I 

CHaCHoCH.CH.NH— C— O— 

/CH, 

II CH.CHj— N 

very similar chemical and physical properties of 
these two drugs, they cannot be assayed directly 
by acid-base titration, nor can they be con- 
veniently quantitatively separated. Moreover, 
their ultraviolet properties are such that they 
give rise to mutual absorption interference (see 
Fig. 1) and as a result, direct determination is 
difficult and subject to relatively large errors. 
The assay procedure described herein, however, 

» Cook- Waite Laboratories, Inc., markets a solution for in- 
jection containing 2.0% procaine hydrochloride (Novocain) 
and 0.15% tetracaine hydrochloride (Pontocaine Hydro- 
chloride). 


enables the direct determination of micro 
quantities of the primary amine procaine, with- 
out interference from the presence of the non- 
primary amine tetracaine. Pratt (10) recently 
described a procedure using a nitrous acid titra- 
tion for the detennination of procaine-tetracaine 
mixtures. Flis procedure, however, suffers from 
the need of a large sample, and from the fact 
that a specially constructed titration chamber is 
required. 



240 260 260 300 320 340 360 


WAVELENGTH (mp) 

Fig. 1. — Ultraviolet absorbance curves of aqueous 

solutions; procaine hj’drochloride; " 

tetracaine hydrochloride; each 0.01 mg. per ml. 

EXPERIMENTAL 

Chemicals. — Samples of the local anesthetics 
emplo 5 'ed were generous!}' supplied by their manu- 
facturers: tetracaine hydrochloride and propoxy- 
caine hydrochloride by Cook-Waite Laboratories, 
Inc., Subsidiary of Sterling Drug; butethamine hy- 
drochloride, metabutethamine hydrochloride, meta- 
butoxycaine hydrochloride, and naepaine hydrochlo- 
ride by Novocol Chemical Manufacturing Co., Inc.; 
butacaine sulfate, ethj’l aminobenzoate, and pro- 
eaine hydrochloride b}' Abbott Laboratories; lido- 
caine by Astra Pharmaceutical Products, Inc.: 
meprylcaine hydrochloride b}' Oradent Chemical Co. 
Inc.; and piperocaine hydrochloride by Eli Lilly and 
Co. Sodium l,2-naphthoquinone-4-sulfonate (East- 
man Kodak white label) was employed without fur- 
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ther purification. All other chemicals used were the 
highest grade of the corumercially available ma- 
terials. 

Apparatus. — A Beckman Model DK-2 recording 
spectrophotometer, with silica cells of 1.00 cm. 
light path, was employed to record the absorption 
spectra. Absorbance values at peak wavelengths 
were checked using a Beckman DU spectrophotom- 
eter. All other absorption measurements, including 
those for the preparation of standard curves, were 
made employing a Klett-Summerson colorimeter 
with a No. 50 filter. 

Procedure . — A sample of the unknown solution 
and graded aliquots of a stock standard solution, 
containing a maximum of 3 X 10“® mole of primary 
amine, are transferred to 50-ml. volumetric flasks. 
Each solution is diluted to approximately 20 ml. 
with water, and exactly 3 ml. of hydrochloric acid 
(0.050 N) and 3 ml. of sodium carbonate (0.114 N) 
are added. The solutions are mixed, 1 ml. of 1.0% 
sodium l,2-naphthoquinone-4-sulfonate solution 
(prepared fresh each day) is added, the solutions are 
■again mixed, and are allnwed to stand in the dark for 
one and one-half to two hours. Excess reagent is 
then bleached by the addition of 1 ml. of acetate buf- 
fer (25 Gm. sodium acetate trihydrate and 250 ml. 
glacial acetic acid per liter) and 3 ml. of 4% sodium 
thiosulfate solution. The solutions are then made 
up to volume and mixed. Colorimeter readings are 
taken between ten and twenty minutes from the 
time that the thiosulfate solution is introduced. 


RESULTS AND DISCUSSION 

Reaction Involved and Influence of Chemical 
Structure. — In this assay procedure the yellow 
sodium l,2-naphthoquinone-4-sulfonate, in the 
presence of alkali, reacts with a primary amine- 
containing compound to yield a highly colored red or 
orange-red product. Chemically this colored prod- 
uct is an imine resulting from the displaeeracnt of the 
sulfonate radical (7, 9). The excess yellow reagent is 
then bleached with sodium thiosulfate after making 
the solution slightly acid with acetate buffer. The 
absorption curve in the visible spectrum for a typical 
sample of procaine derivative (after bleaching) is 
shown in Fig. 2. It will be noted that the absorption 
maximum occurs at 483 m/i. Reagent blank read- 
ings at this wavelength arc very low. 

In comparing absorption curves of the colored sol- 
utions obtained with equimolar concentrations of the 
various local anesthetics, it was noted that the curves 
were almost identical for structurally similar local 
anesthetics. Compounds such as butelhaminc, 
propoxycaine, butacaine, and naepaine all produce 
color which absorbs at the same wavelength maxi- 
mum and with essentially the same intensits’ as does 
procaine. Structurally all of these compounds haxa; 
an aromatic primary amino group in the position 
para to the carboxylic ester linkage. Mctabuleth- 
aminc and mctabutoxycaine, both of which contain 
.an aromatic primary amine in the position meta to 
the ester linkage, show somewhat different absorp- 
tion chaiactcrisiics (sec Fig. 2). This is in keeping 
with the findings reported (7) for the amino acids; 
this difference is attributed to the char.actcr of the 
inductive effect caused by the R group of the amine. 
It can be seen from the figure that the absorption 
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Fig. 2. — Visible absorbance curves of color com- 
plexes; procaine complex; meta- 

butethamine complex; .... mctabutoxycaine 
complex; reagent blank, 

curves for these vtela amino compounds are less in- 
tense and the maxima occur at somewhat lower wave- 
lengths (about 478 niji). 

The local anesthetics meprylcaine, tetracaine, 
piperocaine, and lidocaine, each of which has a sec- 
ondary or tertiary amine group but no primary 
amine, give no color formation with this procedure. 

For the preparation of standard curves, or for 
routine assay procedures, the color intensity can be 
conveniently measured by employing a simple filter 
colorimeter in the region of 500 mit. A scries of such 
standard curves is presented in Fig. 3. Tliesc curves 
were prepared by plotting observed colorimeter read- 
ings t'crsus the volumes taken of equimolar concentra- 
tions of the various anesthetics. It should be noted 
that in all cases the ratio of anesthetic concentration 
to colorimeter reading follows a straight-line relation- 
ship; that is. Beer’s law holds for this system. It 
can also be seen that the differences previously noted 
for the nicla amines are again in evidence. 

Color Development and Stabilitj'.— The assay 
metiiod is essentially a micro procedure, and a 
maximum of 3 X lO"® mole of the local anesthetic 
being determined c.an lie present in the sample. 
Hence, a maximum of 0.04 ml. of commercial solu- 
tion containing 29c procaitic hydrochloride can be 
employed as the sample, while 0,02 ml. is preferable. 
Since the volume of the s,araple employed can be as 
great as 20 ml., solutions can be assayed which con- 
tain as little as 1 .5X lO-* mole per ml. ; that is, about 
3 Pg, of local anesthetic per ml. In the course of 
this inve-stigalion it was found that if quantities of 
the amine larger than 3 X lO-® mole were present in 
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COLORIMETER READINGS 


Fig. 3. — Standard curves prepared by plotting 
anestlietic concentrations versus colorimeter read- 
ings, A — procaine complex, B— metabutethamine 
complex, C — inetabuto.xycaine comple.x 

the sample, readings which were loner than theoreti- 
cal resulted When the concentration of each of the 
reagents was then doubled, greater color develop- 
ment occurred with the large amine samples, but the 
colored complex- often partially precipitated from 
solution By increasing the concentration of only 
the color developing reagents, and employing normal 
concentrations of the bleaching reagents, dye pre- 
cipitation was avoided However, instrument read- 
ings indicated that the color development was no 
longer as closely proportional to the local anesthetic 
concentration as had been previously observed when 
normal concentrations of all of the reagents were 
employed 

Previous investigators, in discussing the use of 
sodium l,2-naphthoquinonc-4-sulfonate in the assay 
of amino acids, have mentioned various time inter- 
vals for maximum color development, and little re- 
garding the duration of color stability after bleach- 
ing Folin ( 1 ) snggested that the color should be al- 
lowed to develop for nineteen to thirty hours; Fur- 
man (7) recommended two and one-half hours; and 
Sdhyun (3) suggested ten minutes at 100° None, 
howevei, commented on the stability of the color 
following bleaching In this study it was found 
that results were most repioducible when the color 
was allowed to develop for one and one half to two 
hours at room temperature, and the color intensity 
was determined within ten to twenty minutes from 
the time that the thiosulfate was introduced The 
shorter optimum reaction time here might reflect a 
greater reactivity of the aromatic amines as com- 
pared with the aliphatic amines present in the amino 
acids Reading color intensity less than five or ten 
minutes after addition of the bleaching reagents 
seems to introduce some slight error due to incom- 
plete bleaching, while readings after twenty minutes 
are somewhat low due to a gradual fading of the 
color. Colorimeter readings taken from forty-live 


to sixty minutes after the addition of thiosulfate were 
generally about 5% lower than readings taken within 
twenty minutes. Repeated readings on a series of 
different samples indicated good color stability for 
approximatelj- thirty minutes, after which very grad- 
ual fading occurs over several hours time. 

In the case of several anesthetics, particularly 
butacaine, naepaine, and ethjd aminobenzoate, it 
n-as noted that the solutions were quite turbid after 
color development, but prior to buffering and bleach- 
ing This was attributed to insolubility of the color 
complc.v in alkaline solution, since addition of the 
acidic acetate buffer, in every case except for ethyl 
aminobenzoate, served to immediately clarify the 
solution Ethyl aminobenzoate, in contrast to the 
other local anesthetics, does not contain a second 
amine which is capable of being salted, and therefore 
solubilization of its complex by acid would not be 
expected. Onlj- in very dilute concentrations does 
the ethyl aminobenzoate complex not precipitate, 
and in these concentrations color formation follows 
the same curve as that of the other /"-aminobenzoate 
ancstheties 

Precision and Accuracy. — Some indication of 
the precision given by the method can be seen by ex- 
amination of Table I 

Table I. — Colorimeter Readings of Replicate 
Procaine Hydrochloride Saxiples" 


Sample 

Reading 

Sample 

Reading 

1 

70 5 

5 

69 5 

2 

70 5 

6 

70 0 

3 

69 5 

7 

70 0 

4 

69 5 

8 

69 5 


Mean — 69 88 Standard Deviation — 0.47 

a Each sample contained 1 50 pAf procaine hydrochloride 

Eight replicates of a procaine hydrochloride standard 
solution were treated by the method described and 
the readings obtained on a colorimeter are given in 
Table I. 

A scries of procaine hydrochloride-tetracaine hy- 
drochloride mixed solutions was also prepared in 
which the concentration of procaine was held con- 
stant while the tetracaine concentration was varied 
The solutions ivere then assayed for their procaine 
content The purpose of this experiment was to as- 
certain that the presence of tetracaine hj-drochloride 
had no adverse effect on the procaine h 3 ’drochloride 
determination. As seen in Table 11, no interference 


Table H — Analysis or Known Procaine Hx-dro- 
Chloride-Tetracaine Hydrochloride Mixtures 
FOR Procaine Hydrochloride 


Sample 

Procaine 

Hydro- 

chloride 

Actual, 

nAf 

Tetracaine 

Hydro- 

chloride 

Actual, 

mA/ 

Procaine 

Hydro- 

chloride 

Found, 

mA/ 

Procaine 
Hydro 
chloride, 
% of 
Theory 

1 

1 500 

0 000 

1 500 

100 0 

2 

1 500 

0 060 

1 497 

99 8 

3 

1 500 

0 150 

1 497 

99 8 

4 

1 500 

0 300 

1 500 

100 0 

5 

1 500 

0 600 

1 511 

100 8 

6 

1 500 

1 500 

1 503 

100 2 


Precision — 0.4 % 





April 1959 


Scientific Edition 


201 


due to tetracaine was noted — even when the tetra- 
caine hydrochloride was included in over tenfold the 
concentration present in the commercial mi\ture. 

These data, along with other observations made 
during the course of this study, indicate that the 
procedure gives a high degree of precision. Optimum 
accuracy can be e.\pected in an assay nhen (a) the 
unknown sample contains from one to two and one- 
half fiilf of the local anesthetic being determined, (b) 
standard samples for the preparation of a standard 
curve are run simultaneously, and (c) instrument 
readings of both unknown and standard samples are 
taken at the same time interval after addition of tlie 
buffer and bleaching reagents Under these condi- 
tions the method should be accurate to ±1-2%. 
When a previously prepared standard curve is em- 
ployed, or instrument readings are taken at different 
time intervals for the unknown and standard 
samples, then the error will probably be slightly 
greater. Even under these conditions an accurac 5 ’ 
to ±3-4% can be expected. 

SUMMARY 

1 . The reaction of sodium 1 ,2-naphthoquinone- 


4-sulfonate with a series of local anesthetic com- 
pounds has been studied. 

2. In the case of anesthetics containing a 
primary amine the reaction quantitatively jnelded 
a highly colored product, the intensity of which 
was conveniently measured. 

3. Secondary and tertiart’ amines have been 
shown not to interfere in the assay. 

4. Particular application to a commercial 
anesthetic mixture has been described. 
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Catalytic Hydrogenolysis of Halogenated Benzene 
and Heterocyclic Compounds* 

By WILLIAM O. FOYE and LEWIS E. STOYLE, Jr.f 


A relatively general procedure for the cata- 
lytic hydrogenolysis of aromatically-bound 
halogen has been found -with the use of 10 
per cent palladium-on-charcoal. Benzene 
and pyridine rings remained unaffected dur- 
ing this reaction, but several other hetero- 
cyclic rings were reduced or cleaved. 

^ r^iiE REMOVAL of organically-bound halogen 
is generally anticipated during catalytic 
hydrogenation of organic compounds, but hvdro- 
genolytic cleavage as a selective method of re- 
moving halogen from organic molecules has not 
been widely investigated. Busch and Stove (1) 
showed that the halogen in a number of ali- 
phatic and aromatic halides was quantitatively 
removed by hydrogenation over a palladium-on- 
calcium carbonate catalyst at atmospheric 
pressure, but in most cases, the nature of the 
organic residue was not determined. Using the 
Adams platinum oxide catalyst, Maivel, d a!. 
(2), found that the ring was also hvdrogcnatcd 
under conditions where the halogen was reduced 

•Uccciwtl SciHcniUcf 20 P>‘»S, from the 
ColJcRc i»r Plnrmao Bo’^lon 

Ahstrrtclct! from the thc^iv b\ I. K Slfnlc. Jr. 
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from aromatic halides. More recently, Baltzlv 
and Phillips (3) found that in acid or neutral 
media, aromatically-bound chlorine could be 
removed by hydrogenation over a laboratory- 
prepared palladized charcoal catalyst (4) where 
the halogen was activated by other substituents. 
Otherwise, aromatically-bound chlorine was 
stable under conditions that did not reduce the 
ring, while bromine similarly bound was generally 
removed at a moderate rate. Raney nickel 
has also been used for the quantitative removal 
of organically-bound halogen (o). 

Since a catalyst has been found which is capa- 
ble of removing chlorine from the s-triazine ring 
without reduction of the ring (G), it was decided 
to investigate its use for the removal of other 
aromatically-bound halogen. The catalyst is 
10 per cent palladium-on-charcoal prepared by 
the American Platinum Works (Newark, N. J.), 
and it was found, in general, to remove halogen 
bound to aromatic rings using a pressure of 2-3 
atmospheres of hydrogen at room temperature or 
slightly higher (no attempt was made to hold 
the temperature constant during the reduction). 
No atlcmjjts to regulate the acidity or basicity 
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of the media were made, and no extensive purifica- 
tions were necessary for the starting materials. 

In aromatic halides containing the benzene 
ring, the ring remained unreduced during re- 
moval of chlorine or bromine as expected for 
palladium catalysts. Although Baltzly and 
Phillips (3) found that the chlorophenols and 
chlorobenzoic acids, as well as /^-bromobenzoic 
acid, resisted reduction with a palladized char- 
coal catalyst under conditions where the ring was 
unreduced, by our procedure both chloro- and 
bromobenzoic acids and p-bromophenol were 
readilj' dehalogenated. ^-Bromobenzoic acid, 
in fact, was rapidly hydrogenolyzed to benzoic 
acid with a 78 per cent yield. 

Among the heterocyclic halides that were 
treated by this procedure, only the pyridine 
ring remained unreduced using 2-chloropyridine. 
2-Chloroquinoline was also dehalogenated but 
partially reduced to 1,2,3,4-tctrahydroquinoline. 
2-Chlorobenzoxazole was likewise dehalogenated, 
but the heterocyclic ring was cleaved leaving 
aniline hydrochloride as the reduction product. 
The catalyst was poisoned by sulfur-containing 
heterocyclic compounds, since addition of fresh 
catalyst to the inhibited reactions caused further 
uptake of hydrogen. No identified products 
were isolated from these reactions, carried out on 
2-chlorobenzothiazole and 2-chlorothiophene. 

Nitro groups were also readily reduced to 
amino groups in the presence of halogen, car- 
boxyl, carboxamide, and sulfonamide substitu- 
ents. Reduction of f)-bromophenacyl bromide 
removed only the aromatically-bound bromine 
to give phenacyl bromide. This result is not 
surprising, since Baltzly and Phillips (3) found 
that aliphatically-bound halogen was more resist- 
ant to hydrogenolysis than aromatically-bound 
halogen. With Adams platinum oxide catalyst, 
both the ring and ketone group of acetophenone 
are reduced (2). 4,4'-Dibromobiphenyl was the 
only aromatic halide used that resisted hydro- 
genolysis by this method. 

The compounds hydrogenolyzed with 10 per 
cent palladium-on-charcoal and their products 
are recorded in Table I. The times required for 
removal of halogen are also included, and it can 
be seen that flaw-substituted electropositive 
substituents facilitate the removal. This re- 
sult agrees with the findings of Baltzly and Phil- 
lips (3) where amino substituents were shown 
to be activating. In this connection, it is ap- 
parent that nitro groups are reduced to amino 
groups prior to the removal of halogen, since 
f)-chloroaniline and p-chloronitrobenzene are 
reduced in correspondingly similar lengths of 


time. From a comparison of the times of reac- 
tion of the first eight compounds listed in Table 
I, where the same reaction conditions (molar 
quantity, concentration, temperature, pressure) 
prevailed, it may be concluded that in the neutral 
catalytic hydrogenolysis of aromatic halogen, 
para-substituents affect the ease of halogen re- 
moval, and electropositive substituents favor 
tlie removal. 

EXPERIMENTAL 

Materials. — Most of the compounds used were 
Eastman Organic Chemicals of the best grade 
available. No purifications were carried out. 
The remainder were synthesized as follows. 

4- Chloro-3-nitrobenzamide. — This compound was 
prepared from 3-nitro-4-chlorobenzoic acid by means 
of thionyl chloride and aqueous ammonia. The 
product was recrystallizcd from etlianol to give a 
75% yield of amide, m. p. 151-153°. Montague 
(7) lists a m. p. of 156°. 

5- 'Nitiro-2-thiopbenecarboi[yUc Acid. — This com- 
pound Was prepared by the procedure of Dann (8). 
The product melted at 155-150°, which agrees with 
the reported value. 

4,4'-Dibromobiphenyl. — This compound was pre- 
pared according to tire method of Scholl and Neovius 
(9). An 80% yield of product was obtained after 
rccrystallization from benzene which melted at 
164.5-165.5°, which agrees with the reported value. 

p-Nitrobenzenesulfonamide. — This was prepared 
by heating p-nitrobenzenesulfony] chloride for two 
hours with aqueous ammonia and sodium hydroxide. 
A 78% yield of the amide was obtained, m. p. 
179-180°, which agrees with tlie reported value (10). 

Method. — The apparatus used was a standard 
Catalytic Hydrogenation Apparatus, Low Pressure, 
Shaker Tj’pe made b 3 ’ the Parr Instrument Co. 
The catalyst employed was 10% palladium-on- 
charcoal manufactured by the American Platinum 
Works, Newark, N. J. The onlj- preparation re- 
quired before using this catalj-st was oven-drj-ing 
at 60°. 

Reductions were carried out using 0.5 Gm. of 
catalj’st per 0.01 mole of organic compound, with a 
minimum of 0.5 Gm. for any reaction. The pressure 
of hydrogen used varied from 2-3 atmospheres. 
The quantitj’ of the substrate varied according to 
availabilitj' and solubility, but was generally from 
0.01-0.05 mole. The amount of solvent emploj'ed 
was either 50 or 75 ml., and no purifications were 
carried out; the best grade available was generally 
used. The temperature of the reaction was not con- 
trolled and was taken as that of the laboratory ex- 
cept in some reductions, particularly where nitro 
groups were present, where temperature rises were 
noted. Reduction was considered complete when 
the hj'drogen pressure remained constant for thirty 
minutes. The time of reduction was taken up to the 
point where constancy of pressure was first reached, 
however. 

An attempt to maintain constancy of reaction con- 
ditions was made for the first eight compounds in 
Table I. In these cases, 0.01 mole of compound in 
50 ml. of solvent with 0.5 Gm. of catalyst was shaken 
with approximately 2 atmospheres of hydrogen with 
the starting temperature at approximate!}' 24°. 
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Table I — Hydkocesolvses with 10% Palladidm on-Charcoal 


Substrate 

Moles 

Solvent 

Temp , 

Time 

min 

Product 

M p , °C 

Lit 

M p . ®C, 

Yield. 

So 

p Chloroaniline 

0 01 

Methanol 

25 

3 

Amline-HCI 

197-198 

19S 

90 

p Bromoanilmc 

0 01 

Methanol 

25 

o 

Amlme-HBr 

150 (s), 275 (m) 

2SG 

64 

P Chlorobenzoic acid 

0 01 

Ethanol 

27 

5 

Benzoic acid 

121-122 

122 

65 

^-Bromobenzoic acid 

0 01 

Abs 

33 

7 

Benzoic acid 

121-122 

122 

78 

2,4' Dibromoacetophenone 

0 01 

ethanol 

Ethyl 

25 

8 

Phenacyl bromide 

49-50 

50 

G7 

p Bromophenol 
l-Chloro 4 nitrobenzene 

0 01 

0 01 

acetate 

Methanol 

Methanol 

2G 

31 

2 

5 

Phenol 

AmUne*HCl 

197-198 

198 

46 

1 Chloro 2,4 dmitrobenzene 

0 01 

Methanol 

31 

10 

m Phenylene- 

277-278 

h 

SO 

4 Chloro 3 nitrobenzaraide 

0 005 

ISIethanol 

20 

9 

diamtne‘HCl 

m«Ammobenz- 

238-240 

c 


p NitrobenzenesuUonamide 

0 01 

Methanol 

29 

12 

araide*HC! 

Sulfanilamide 

1C5~1C6 

165-16G 

93 

P Nitrobenzoic acid 

0 02 

Methanol 

28 

4 

^'Arainobenzoic 

I8G-187 

187-lSS 

89 

4,4' Dibromobiphenyl 

0 01 

Benzene 

20 

5 

acid 

4,4'-Djbroraobi- 

163-104 

1G4-1G5 


2-Chloropyridine 

0 05 

Methanol 

29 

30 

phenyl 

PjTidine'HCl 

S0-S2 

82 

so 

2-Chloroqumoline 

0 025 

Methanol 

29 

135 

1,2,3,4-Tetrahydro- 

179-lSO 

ISO-lSl 

91 

2 Chlorobenzoxazole 

0 025 

Methanol 

30 

195 

qumolme'HCI 

Anilme*HCl 

197-198 

108 

94 

2-Chlorobenzothiazole 

2 Chlorothiophene 

5-Nitro 2-thiophenecarbox>hc acid 

0 05 

0 05 

0 01 

Ethyl 

acetate 

Methanol 

Benzene 

27 

31 

29 

180 

180 

30 

.... 





° After removal of soh'ent, a small amount of oily product was isolated which gave a positive phenol test and a negative 
halogen test 

6 No literature m p could be found for this derivative, so it was converted to the free base, m p Gi-62* 
e No literature m p could be found for this derivative, so it was converted to the free base, m p 7S'79° 


The reduction products were isolated after filtia- 
tion of the catalyst by evaporation of the solvent. 
They were then recrystallizcd to constant melting 
point The melting points were taken on a Fisher- 
Johns block and are uncorrected. Qualitative tests 
for ionizable halogen were carried out with all the 
products. 

SUMMARY 

1. Catalytic hydrogenolysis of aromatically- 
bound halogen was found to be relatively general 
using a commereially-prepared 10 per cent pal- 
ladium-on-charcoal catalj'st. Several aryl halides 
not previously amenable to reduction by Uiis 
method were readily hydrogenolyzed. The only 
e,\ample noted tvhere the halogen was resistant 
to reduction was 4,4'-dibroraobiphenyl. 


2. Nitro groups were also readily reduced to 
amino groups by this procedure in the presence 
and absence of halogen removal. 

3. Several heterocyclic rings were found to be 
reduced with this procedure, but the pyridine, 
as well as the benzene, ring remained unaffected. 
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Antipyretic and Toxicity Studies With Acetanilid and 
0-, and /^-Chloroacetanilid* 

By M. F. ARGUS, M. P. NEWELL, J. T. HENDERSON, and F. E. RAY 


The LDso of o-, m-, and /(-chloroacetanilid 
and of acetanilid was determined in mice and 
rats. The decreasing order of relative toxicity 
was the same in both species: /i-chloro- 
acetanilid, tn-chloroacetanilid, acetanilid, and 
o-chloroacetanilid. The antipyretic activity 
of the chloroisomers in the rat decreases in 
the same sequence as their toxicity. 

"D iNG SUBSTITUTION of the antipyretic drug, 
acetanild, has an important influence on the 
metabolic behavior of this compound. Thus, 
Bray, cl al. (1), have found that the extent of de- 
acetylation depends on the position of substit- 
uents in this molecule. Later, Argus, el al. (2), 
observed that the three ring-substituted mono- 
chloroacetanilids display different tissue distribu- 
tion and urinary excretion patterns following ad- 
ministration to both rats and guinea pigs, suggest- 
ing that substitution affects the position and ex- 
tent of hydroxylation of acetanilid. These alter- 
ations in the metabolism of the compound are re- 
flected in changes in the physiological properties 
of the drug, since with the same dose of />-chloro- 
acetanilid and o-chloroacetanilid in rats, toxic 
symptoms were observed only for the former com- 
pound. 

In the present study a systematic determina- 
tion of the relative toxicities of o-, m-, and /)-chlo- 
roacetanilid and unsubstituted acetanilid was 
made in mice and rats. The effect of the position 
of ring substitution on antipyretic activity was 
also investigated. 

EXPERIMENTAL 

Compoimds Used. — The three chloroacetanilids 
were obtained from the Eastman Chemical Com- 
pany and were recrystallized from 50% ethanol. 
Melting points were o-chloroacetanilid, 88°; >»- 
chloroacetanilid, 72°; and f>-chloroacetanilid, 177°. 
Merck acetanilid was recrystallized from water to a 
melting point of 114°. 

Toxicity Experiments. — Female C57bl/6 mice 
(18 weeks; 20 Gm. ± 2 Gm.) and Sprague-Dawley 
rats (210-260 Gm.) were employed. Rats were 
housed 2 to a cage and mice 10 to a cage in an air- 
conditioned room maintained at 22°. The animals 
had access to Purina Laboratory' Chow and rvater 
at all times. 
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Preliminary tests to determine the dosage range 
for the toxicity study were made using 2 mice per 
dose. When the approximate levels were estab- 
lished, groups of 10 mice and 4 rats for eaeh dose 
level of the isomerie chloroacetanilids and aeetanilid 
were used. Once the LDso values were found 
for the groups of mice, smaller groups of rats were 
employed to determine whether the order of toxicity 
of the compounds was the same in both species. 
The drugs were administered on a mg./Kg. of body 
weight basis. Each dose was suspended in 0.6 cc. 
of 2% Methocel and injected intrapcritoneally. 
The dosages tested are given in Table I. Percent- 
age mortality was based on deaths occurring within 
seventy-tivo hours after administration of the drug. 

The relative acute toxicities of acetanilid and o-, 
til-, and ^-chloroacetanilid were determined statis- 
tically in terms of LDjo after Bum, el al. (3). In 
this method the percentage of mortality is plotted 
against the dosage administered on logarithmic 
probit paper. The dosage level, at the point where 
the curve crosses probit 5 on the graph, is taken as 
the LDjo. 

Antipyretic Experiments. — Female Sprague- 
Dawley rats (130-250 Gm. ) were employed in 
groups of 12 animals. Rats were housed two to a 
cage and all experiments were carried out in a room 
maintained at 22°. The drugs were given by stom- 
ach tube at a concentration of 0.125% suspended 
in 2% gum acacia. The dosage was 12.5 mg./Kg- 
body weight. Sixteen hours prior to administration 
of each compound, fever was induced in the rats by 
the injection of 15% brewers’ yeast (Fisher No. 
Y-1) suspended in 35% acacia. A subcutaneous 
injection of 1 cc./lOO Gm. bod 3 ' weight produced a 
1.5 to 2° rise in the rectal temperature at twelve 
hours, and this fever then persisted for about 
eighteen hours. Food (Purina Laboratory Chow) 
was removed from the animal cages four hours prior 
to injection of the j'east and twenty hours before 
administration of the dmgs. The animals had free 
access to water at all times. Groups of eight 
fevered controls and six nonfevered controls were 
run simultaneously with each drug-test group. 

Rectal temperature determinations were made 
using a Thermistor Probe (Sargent plain, low 
range, thermometric element No. S-81620). This 
probe was connected through a Thermistor Bridge 
to a Brown Potentiometer and Recorder [Model 
No. Y153X12V-X-30AKN4(V)]. By inserting the 
probe in tap water at 34° and 42°, the potentiometer 
and recorder were standardized, through adjusting 
the controls on the Thermistor Bridge, so that a 
reading of “0” on the instrument scale represented 
.34° and “28” on the instrument represented 42°. 
A graph paper scale was then superimposed on the 
instrument scale so that readings to 0.1° could be 
made. The entire tip of the probe was inserted into 
the rectum of the rat ; fi ve seconds was sufficient for 
accurate temperature readings. 
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RESULTS AND DISCUSSION 

Toxicity Experimeats. — Table I has been in- 
cluded to give the complete range of toxicities in 
C57bl/6 mice and in Sprague-Dawley rats, includ- 
ing the doses corresponding to 0 and 100% mor- 
talities These last two values, however, are not 
used (3) in the probit coordinate system (Figs 1 
and2i 

The LDso values obtained for C57bl/6 mice with 
the probit coordinate system (Fig. 1) are given in 
Table II as mg /Kg. and mM/Kg. The LDso of 
^-chloroacetanilid is much lower than that of m- and 


Table I. — Toxicity of o-, in-, and #i-Chloro- 

ACETANILID AND ACETANILID FOLLOIWNG InTRA- 
PERITONEAL INJECTION TO C57bl/6 MiCE AND 
Sprague-Dawley Rats 


.“Sprague- Dau ley 



. — C57bl/fl Mice — . 


Rats— ' 



Mortal- 


Mor- 


Dosace,® 

ity, 

Dosage, ^ 

tality, 

Compound 

ms /Kg 

% 

rag /Kg 

% 

p-Chloro- 

182 

0 

237 

25 

acetanilid 

202 

10 

246 

50 


220 

20 

255 

75 


228 

70 

278' 

100 


284 

100 

284' 

100 

«j-Chloro- 

500 

10 

278 

0 

acetanilid 

589 

50 

302 

50 


700 

70 

360 

100 


980 

100 

425 

75 




500' 

100 

o-Chloro- 

700 

’ 0 

700 

25 

acetanilid 

830 

40 

700 

75 


980 

50 

830 

50 


1370 

90 

980 

75 




1370 

100 

Acetanilid 

500 

'lO 

425 

0 


700 

30 

500 

25 


760 

50 

589 

75 


830 

90 

700 

100 


980 

90 




** Ten animals injected at each dosage level 
^ Four animals injected at each dosage level except as 
noted 

e Two animals injected 


PRODITS 



Fig 1, — Dosage of p-chloroacctanilid (p-CI.\.\), 
m-chloroacetanilid (i)i-CI.\A), acetanilid (.\.\), and 
o-chlor<ucctauilid {p-C 1.\.\), plotted against per- 
cciU.tgc mortality in probit units The dnigs «crc 
administered intrapcritoncally to C57bl/G mice. 


PKCBITS 



Fig. 2. — Dosage of />-chloroacetanilid (/)-Cl.\A). 
ni-chloroacetanilid («I-C1AA), acetanilid (AA), and 
o-chloroacetanilid (o-ClAA) plotted against per- 
centage mortality in probit units The drugs were 
administered intraperitoneally to Sprague-Dawley 
rats. 


o-chloroacetanilid or acetanilid On a mg /Kg. 
basis, the LDso of o-chloroacetanilid is greater than 
that of acetanilid Yet, on a mil//Kg basis, the 
LDso of the two drugs is the same. These figures 
indicate that the introduction of tJie chlorosubstit- 
uent, per se, does not increase the toxicity of the 
compound. It is the position of the substituent 
whicli seems to be of importance. 

For Sprague-Dawley rats tlie LDja values (Fig 2 
and Table II) show tliat the relative to.xicities of 
tile isomeric chloroacetanilids and acetanilid are the 
same for the rat as for the mouse p-Chioroacct- 
anilid is the most toxic drug, followed in order by m- 
chloroacetanilid, acetanilid, and o-cliloroacetanilid 
In rats o-chloroacetanilid is less toxic than acetanilid 
whether the LDjo is e.xprcssed on a mg /Kg or a 
m.If/Kg. basis 

In both species p-chloroacetanilid has the narrow- 
est dosage range betuecn 0 and 100% mortality 
This compound appears to be more toxic to the mice 
used in these e.xperimcnts than to the rats In a 
previous study on the toxicity of orally aihninistered 
acetanilid in young albino rats. Smith and Hani- 
bourger reported an LDm of SOO mg /Kg (4 ) This 
is somewhat higher than our value for C.57 IjI/G 
mice (715 mg /Kg.) and considerably higher than 
our findings for Sprague-Dawley rats (540 mg /Kg ). 
In the present investigation, however, acetanilid 
was administered by tlic intraperiloncai route, and 
the dilTercnces found for the rat in these two studies 
arc probably due to the didcrcncc in the rale of ab- 
sorption from tile gastrointc-stinal tract and from 
the pcritomxd cavity 

In our studies on the excretion pattcni of o-, »i-, 
and p-chloroacctanilid wc found (2) that tlic lime 
required for peak excretion of the p-compound is 
four times that needed for the o- and m-derivatix es 
in the rat It is well known that in rodents, acet- 
aniiid is detoxicated mainly by conversion to the 
more soluble p hydroxx aniline (5) Thus, it is not 
sun>rising that p-chloroacctanilid. in which the p- 
position is blinked, readies a peak excretion more 
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Table II. — LDto of o-, m -, and /i-Chloroacetanilid and Acetanilid in C57bI/6 Mice and Sprague- 
Dawley Rats Following Intraperitoneal Administration 


Compound 

LDm in 
mg /Kg 

C57bl/C Mice" 

raJlf/Kg. 

LDm in Sprague-Dawley Rats’ 

nig./Kg. m3//Kc. 

/"-Chloroacetanilid 

225 ± 4.35 

1.3± .025 

245 ± 5.07 

1.4 ± .029 

m-Chloroaeetanilid 

610 ±26. 77 

3.6 ± .158 

350 ±55. 18 

2.1 ± .331 

Acetanilid 

715 ±31.59 

5.3 ± .234 

540 ±28.84 

4.0± .214 

o-Chloroacetanilid 

900 ±74.42 

5.3 ± .438 

810 ±53.57 

4.7± .311 


“ Including standarcl.crror. 


slowly than the o- and in-isonicrs. This longer re- 
tention of the />-substituted compound by the ani- 
mal body is now reflected in the greater toxicity of 
this compound when compared to o- and w/-chloro- 
acetanilid. 

Antipyretic Studies. — In the antipyretic experi- 
ments with acetanilid, the first depression in the 
rectal temperature of Sprague-Dawley rats is noted 
one-half hour after oral administration of the drug 
in a dosage of 12.5 mg./Kg. (Fig. 3). The greatest 
depression occurs at three hours with a lowering 
of 1.1°. The effect begins to diminish at five hours, 
and at nine hours tlie depression is only 0 2°. Pre- 
viously, Smith and Hambourger observed a ma.xi- 
mum fall in temperature of only 0 0° when the same 
dose of acetanilid was given to albino rats (4). In 
their e.xperiments this maximum temperature de- 
crease occurred between sixty and ninety minutes 
after administration. 

The results obtained with the three isomeric 
chloroacetanilids are given in Fig. 4. /)-Chloro- 
acetanilid also brings about a lowering of temper- 
ature, beginning 0.5 hour after administration. 
The greatest depression occurs between one and 
two and one-half hours and is approximately 

0.9°, slightly less than the depression for acetanilid 
in our experiments. At seven hours the antipyretic 
effect ceases for the /)-chloro-dcrivative. The maxi- 
mum depression caused by w;-cliloroacetanilid is 
also 0.9°, which occurs at two and one-half hours 
after administration. As for the /"-isomer, no effect 
is apparent after seven hours. o-Chloroacetanilid 
is the least effective of the four compounds tested. 
No substantial reduction in temperature is noted 
until two and one-half hours, and it is only 0.6°. 
Again no depression of temperature exists after 
seven hours. 

In conclusion, all three isomeric chloroacetanilids 
have a lower antipyretic activity than acetanilid. 
In the group of the chloro-isomers the antipj'retic 
activity decreases in the same order as toxicity. 
There does not seem to be, however, a general cor- 
relation between these two pharmacological proper- 
ties for all four compounds, since />- and «;-chloro- 
acetanilid are more toxic than acetanilid. 

SUMMARY 

1. The toxicity expressed as LDjo, and the an- 
tipyretic activity of acetanilid and of o-, m-, and 
/"-chloroacetanilid were determined in C57bI/6 
mice and Sprague-Dawley rats. 

2. The relative toxicities on a mg./Kg. basis 
decrease in both species in the following order: 
/"-chloroacetanilid, w-chloroacetanilid, acetanilid, 
and o-chloroacetanilid. It has been suggested in 



Fig. 4. — Each point on the drug-test graphs repre- 
sents the average rectal temperature of 12 Sprague- 
Dawley rats receiving 12.5 mg. /"-, in-, or o-chloro- 
acetanilid/Kg. body weight. The average values for 
eight fevered control rats and six nonfevered con- 
trol rats are also plotted. 
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connection ivitli previous studies ( 2 ) that the high 
toxicity of the p chloro-isomer maj' be due to the 
blocking of p-hydro\yIation 
3. The order of the antipyretic acbvity in rats 
of these four compounds is the following acetani- 
lid > p chloroacetanihd > »i-chloroacetanilid 
> o-chloroacetamlid 
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The Optical Crystallographic Properties of the 
Xanthyl Derivatives of Some Barbiturates* 

By EDWARD A. JULIANf and ELMER M. PLEIN 

The optical crystallographic properties of the xanthyl derivathes of fourteen com- 
monly-used barbiturates and the micro-melting points of these same deri%atiies and 
five additional ones are presented. The crystallographic properties, especially the 
three principal indexes of refraction, readily serve to identify the compounds in 
question. The crystallographic properties are of particular value when the melting 
points of the derivatives are close in range. 


O NE OF THE PHYSICAE METHODS suggested 
for the qualitative analysis of the bar- 
biturates IS optical crystallography emplo 3 dng 
the petrographic microscope The barbiturates, 
per se ( 1 ), and benzj'l and phenacyl derivatives 
of barbiturates (2-5) have been studied bj' this 
method 

Xantli} drol has been used as a reagent for the 
identification of barbiturates v ith melting points 
as the criteria (6-10). This study presents 
optical crj’stallographic data of .\anth 3 I deriva- 
tives of barbiturates which can be used as a 
means of identification. 

EXPERIMENTAL 

Tlie method followed to obtain xanthyl denxa- 
tivcs of the barbiturates was that of McCutchcon 
and Plcm (10) One gram of xanthvdrol (Eastman 
Kodak Companv) was dissolved in 10 ml of glacial 
acetic acid to which was then added 0 0 Gra of bar- 
biturate The mixture was heated on a water bath 
for thirtv minutes Whth some denvativ-cs the 
compound fonned nnmcdiatch, whereas others did 
not appear until the nc-xt dav The product was 
washed free of acid and xaiithvdrol with 20 ml of 
ctlniiol and then dissolved vvith the heat of a water 
bath m a miiimuim quantitv of ri-am>l acetate and 
acetone (1 1) The solution was filtered into an 
Erlcnmcv cr flask and cn stalhzation allowed to pro- 
ceed slowlv In the majontv of cases crystals 
separated out within a few hours 

• Hcccixcti August 2 195S from the College of Tharmao, 
Um\cnijt> of WnshmRton Scitlle 

t Present address Unt\ersit> of Colorado College of 
PharmacA , Boulder 

Present^ to the Scicnliftc Section. A Pit A , Detroit 
Meeting April 1950 

\bstr'ictcd from n thesis submitted to the Graduate School 
of the Unixcrsitj of Washington bj bdnard A Julian m par 
lial fulfiUment of the requirements for the degree of Master of 
i^ence 


The compounds were air-dned and checked for 
punty by using melting points listed in the literature 
as entena (e.xcept for Butisol, see Table I) (6-10) 
Melting points were obtained wath the Kofler micro- 
raelting-point hot stage. 

The cntica! optical crystallographic properties 
were detemuned bj metliods desenbed by Chainot 
and Mason (11) and Wmchell (12) 

Diagnostic properties of crystals m their most 
frequent! J' occurring orientations were determined 
by procedures prcviouslj described (13) 

RESULTS AND DISCUSSION 

In Table I are listed tlie micro-melting points for 
the various xanthyl dcnv'atives of barbiturates 
identified by trade names, manufacturers', and gen- 
enc or chemical names The reagent, xanthvdrol, 
and xanthone, an oxidation product, are included in 
the table also 

The optical properties of xanllnl denvatives of 
some barbiturates, xanthjdrol, and xanthone are 
listed m Table II The highest mde-x of refraction 
in the authors’ set of liquids was 1 785, hence no 
V alue abov c this figure is reported It was necessary 
to use crushed specimens in order to obtain some re- 
fractive mde-xes 

Many of the xanthjl derivatives arc so flattened 
that tliey tend to assume a common onentation on 
the microscope slide In Table III are recorded 
some optical and cn stallograpliic properties ob- 
served on the most frequcntlv occurring onentation 
of the cn slals The optica! onentation designated 
as acute, obtuse, or optic nonnal mdioates that a 
centered interference figure is found when the crys- 
tal. m Its most ficqucnth occurring orientation is 
examined under conoscopic \ ision The desenptiv c 
term, “mdmed,” indicates that the interference fig- 
ure IS not centered It follows tint with an inclined 
onentation one or both of the refractiv e indexes for 
the front v icw of the cry stal cannot be determined 
within narrow limits and arc therefore listed as van- 
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Table I — Micro-Melting Points or Xanthyl Derivatives 

Vol. XLVIII, No. 4 

Trade Name 

Manufacturer* 

Generic or Chemical Name 

Micro-Melting 
Points of 
Xanthyl 
Derivatives, ®C 

Alurate 

Roche Labs Div , Hoffmann- 

Aprobarbital 

230-231 

Amytal 

La Roche, Inc. 

Eh Lilly & Co 

Amobarbital 

253-254 

ButisoF 

McNeil Labs Inc. 

Buta barbital 

229-230 

Cyclopal 

The Upjohn Co. 

Cyclopcntenylallyl- 

235 

Delvinal 

Merck, Sharp & Dohmc 

barbituric Acid 
Vinbarbital 

227-228 

Dial 

Ciba Pharmaceutical Products, 

Diallylbarbituric 

246 

Ipral 

Inc 

E R Squibb & Sons 

Acid 

Probarbital 

212-214 

Luminal 

Winthrop Labs , Inc 

Phenobarbital 

220-221 

Nembutal 

Abbott Labs 

Pentobarbital 

223 

Neonal 

Abbott Labs 

Butethal 

253-254 

Nostal 

Ames Co , Inc 

Propallylonal 

255-256'' 

Ortal 

Parke, Davis & Co. 

Hcxethal 

208 

Pentothal 

Abbott Labs 

Thiopental 

167-168 

Pernoston 

Ames Co , Inc 

Butallylonal 

251'' 

Phanodorn 

Winthrop Labs , Inc 

Cyclobarbital 

258'' 

Sandoptal 

Sandoz Pharmaceuticals, Div 

Allylbarbituric 

248 

Seconal 

Sandoz, Inc 

Eli Lilly & Co 

Acid 

Secobarbital 

183 

Sigmodal 

Ames Co , Inc 

Amvlbromallylbar- 

199-200 

Veronal 

Winthrop Labs , Inc 

bituric Acid 
Barbital 

246-248 


Eastman Kodak Co. 

Xanthone 

176-177 


Eastman Kodak Co. 

Xanthydrol 

122-123 


** The authors wish to express their appreciation and thanks to the manufacturers uho supplied the barbiturates used in this 
study 

The “Kofler” micro melting point hot stage (30-350*) (A H Thomas & Co , Philadelphia, Pa ) was used 
® Butisol (xanthyl derivative) Calculated for CseHjjOtNj A%4 89% Found A’, 4 73% by the micro-Dumas method. 
Decomposed 


Table II — Optical Properties or Xanthyl Derivatit'es of Some Barbiturates 


Extinc- 

tion 


Xanthyl 

Crystal 

Angle, 

Degrees 

Optic 


Refractive Indexes 

Elonga- 


Derivative 

System'* 

Sign 

Alpha 

Beta 

Gamma 

tion 

Dispersion 

Alurate 

M 

13 

+ 

1 

570 

1 645 

1 725 

-f 

V > p 

Amytal 

0 

0 

— 

1 

520 

1 664 

1 730 

+ 

V > p 

Butisol 

M 

30 

— 

1 

565 

1 650 

1 716 

+ 

V > P 

Cyclopal 

M 

30 

+ 

1 

580 

1 655 

1 740 

+ 

p > V 

Dial 

M 

12 

+ 

1 

555 

1 645 

1 740 

+ 

p > V 

Ipral 

T 

43 

4" 

1 

593 

1 617 

1 700 

± 

V > p 

Luminal 

M 

32 

— 

1 

650 

1 696 

1 706 

± 

Crossed 

Neonal 

M 

33 

— 

1 

560 

1 645 

1 720 

— 

V > p 

Nostal 

M 

15 

— 

1 

595 

1 685 

1 740 

+ 

V > p 

Pentothal 

M 

21 

— 

1 

608 

1 690 

1.700 

± 

V > p 

Pernoston 

M 

15 

— 

1 

592 

1 680 

1 730 

+ 

V > p 

Sandoptal 

M 

8 

— 

1 

565 

1 650 

1 730 

+ 

V > p 

Sigmodal 

M 

38 

— 

1 

555 

1 675 

1 728 

+ 

V > p 

V eronal 

M 

21 


1 

594 

1 620 

1 705 

+ 

V > p 

Xanthone 

M 

28 

— 

1 

680 

1 745 

1 785 

— 

p > V 

Xanthydrol 

M 

27 

-f- 

1 

590 

1 677 

>1 785 

± 

p > V 


° M — Monoclinic, D — Orthorhombic, T — Triclmic 


able. Extinction angles are measured from the 
long axis on the front face of each crystal 

Figures 1 and 2 are orthographic projection draw- 
ings of the crystals showing front, side, and top 
views These drawings supplement the data pre- 
sented in Tables II and III and facilitate identifica- 
tion of the barbiturates To determine the appear- 
ance of the crystals for side and top views the crys- 
tals were observed and rolled in Canada balsam 
The front view of the crystals is generally the usual 
orientation Xanthyl derivatives of Amytal and 
Neonal, however, have ridges down the center of the 


crystals which make it unlikeb' that they wll be 
oriented in the position shown. However, this posi- 
tion is presented to illustrate the location of the 
crystal axes Dashed lines indicate the vibration 
directions and refractive indexes are recorded for 
crj'stals which show consistent values in these direc- 
tions An asterisk indicates the higher value on 
views where consistent refractive indexes could not 
be obtained. Crystal angles measured microscopi- 
cally are shown in the comers of the diagrams. 

Additional descriptions of the reagent and deriva- 
tives will facilitate identification of the compounds 
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DIAL 


if ^ 

1 



L 


IPRAL 


LUMINAL 


NEON A L 


J 


Fig. 1. — Orthographic projections of Ij-pical crj-stals of xanthyl derivatives of barbiturates. 


by optical crystallographic methods. The reagent. Since xanthydrol is reported to decompose to 
xanthydrol, is twinned and the variable index across form xanthonc (14), the latter compound was also 

the front face in the usual orientation will be cither studied for its optical crystallographic properties. 

1.677 or greater than 1.7S5. Very few top views of In the course of this investigation, however, no dc- 

thc crystal were found because the crystals arc very tcctable decomposition of xanthydrol occurred, 

long and bcconic broken in sampling. Xanthone formed very long, acicular and taper- 
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1.730 1.730 1.726 1.726 



VERONAL ^ XANTHONE ^ XANTHYDROL J 

Fig. 2 — Orthographic projections of typical crystals of \anthyl derivatives of barbiturates 


XANTHYDROL 


ing fibrous crystals, twinned along the long axis, and 
showing very few top views The variable index 
across the coastal m its usual onentation varied be- 
tween 1 757 and 1 774 Xanthydrol has, in many 
respects, the same general appearance as xanthone, 
however, xanthydrol formed flatter and shorter crys- 


tals than xanthone and the optical properties dis 
tinguished the two compounds 

Xanthyl derivatives of Alurate, Dial, Nostal, 
Pemoston, Sandoptal and Veronal have similar 
prismatic habits, but are easilj' differentiated by 
other crj stallographic properties 
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Table III. — Apparent Properties of Xanthyl Derivatives of Sosie BARBiTimATEs from Most 

Frequently Observed Orientation 


Xanth>I 

Derivative 

Crystal 

Habit 

Optical Orientation 

Extinc- 
tion Angle, 
Degrees 

Refractive Indexes 

Alurate 

Prismatic 

Inclined Obtuse 

0 

Variable 

1 725 

Amytal 

Acicular 

Acute 

0 

1 664 

1 730 

Butisol 

Tabular 

Inclined Acute 

0 

I'ariable 

1 716 

Cyclopal 

Prismatic 

Inclined Obtuse 

0 

Variable 

1 740 

Dial 

Prismatic 

Inclined Obtuse 

0 

Variable 

1 740 

Ipral 

Luminal 

Tabular 

Inclined Obtuse 

43 

loanable 

Variable 

Acicular 

Acute 

32 

1.696 

1 706 

Neonal 

Tabular 

Obtuse 

33 

1.560 

1 645 

Nostal 

Prismatic 

Inclined Acute 

0 

Variable 

1 740 

Pentothal 

Tabular 

Inclined Obtuse 

0 

Variable 

1 690 

Pemoston 

Prismatic 

Inclined Acute 

0 

Variable 

1 730 

Sandoptal 

Prismatic 

Inclined Optic Normal 

0 

Variable 

1.730 

Sigmodal 

Tabular 

Inclined Acute 

0 

Variable 

1 728 

Veronal 

Prismatic 

Optic Normal 

21 

1.594 

1 705 

Xanthone 

Acicular 

Inclined Obtuse 

0 

1.6S0 

I'ariable 

Xanthydrol 

Tabular 

Inclined Optic Axis 

0 

1.677 

Variable 


The xanthyl derivative of Luminal presented a 
columnar or acicular appearance with twinned 
cleavage lines parallel to the c crj’Stallographic axis. 
Consequently, most of these twinned crystals did 
not become extinct under crossed nicols. Single 
crystals were difficult to find, and these showed 
crossed dispersion. 

The xanthyl derivative of Pentothal crj'stallized 
out in yellow, lath-shaped tablets which showed 
no pleochroism. 

Some refractive indexes are reported as variable 
which is due to the reason explained above. The 
following are approximate values of some of the 
intermediate indexes taken from the crystals in 
their most frequently occurring orientations; xan- 
thydrol, > 1 785; xanthone, 1.757; xanthyl deriva- 
tives of, Alurate, 1.040; Butisol, 1.625; Cyclopal, 
1.645; Dial, 1 630; Ipral, 1.617 and 1.679; Nostal, 
1.680; Pentothal, 1 620; Pcmoston, 1 675; Sandop- 
tal, 1.570; and Sigmodal, 1.600. 

Derivatives which did not form crystals suitable 
for study were: Delvinal, Nembutal, Ortal, Phano- 
dom, and Seconal. 

The following barbiturates did not form xanthyl 
derivatives: Evipal (hcxobarbital) and Mebaral 
(mephobarbital), Winthrop Laboratories, Inc.; 
Mosidal (raethallatal) and Gemonil (mctharbital), 
Abbott Laboratories; and Surital (thlaraylal), 
Parke, Davis and Company. 

SUMMARY AND CONCLUSIONS 
A procedure for tlie preparation of xanthyl 


derivatives of barbiturates suitable for crystal- 
lographic study has been presented. The op- 
tical crj'stallographic properties of fourteen 
xanthyl derivatives of barbiturates and the micro- 
melting points of these same derivatives and five 
additional ones are presented. The optical 
crystallographic properties of the xanthyl deriva- 
tives serve well as a means of identifying the 
fourteen barbiturates. 
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The Biological Properties of Chlorindanol, A New 

Antiseptic Agent"^ 

By JOHN HAYS BAILEY, FREDERICK COULSTON, and D. A. BERBERIAN 


7-Chloro-4-indanoI in concentrations of 
1:1,000-1:3,000 is rapidly lethal to vegeta- 
tive bacteria, 'Trichophyton sp , C albicans, E 
histolytica cysts and trophozoites, T vaginalis, 
and spermatozoa in vitro Systemic toxicity 
IS low. It IS well tolerated by skin, eyes, geni- 
tal mucosa, it is nonallergenic, it appears to 
be suitable for use as topical antiseptic or 
sanitizer. 


C HLORINDANOL, 1 e , 7 chloro 4 indanol, was 
synthesized by Royal A Cutler (1) of the 
Chemistry Division of the Sterling-Winthrop Re 
search Institute The structural formula is 



Chlorindanol is a crystalline substance with a 
molecular weight of 108 0 and m p 87 0-89 0® 
(corr ) It has limited solubility in water but is 
soluble m dilute alkali and in 95% alcohol to 5% 
w/v The antimicrobial activity, toxicity, and 
irritation thresholds have been studied and are 
summarized below 


EXPERIMENTAL 

The antimicrobial activity of chlorindanol was de 
termined by inoculating representative species of 
bacteria and fungi into liquid culture media contain 
mg varied concentrations of the compound The 
lowest concentration of compound which suppressed 
visible growth, when incubated (for eightecen hours 
in the case of most bacteria or for ten day s m the case 
of fungi yeast like organisms, and tubercle bacilli), 
was designated as the 'static concentration Cul 
tures which showed 'stasis were subcultured into 
tw ice the original volume of fresh medium and iiicu 
bated for an additional forty eight hours or fourteen 
days The minimum drug concentration w hicli pre 
vented growth when subcultured yvas designated the 
'cida! concentration 

Antibacterial Tests — To a senes of tubes contain 
mg respectively 3 0, 3 25, 3 5, and 3 75 ml of cul 
ture medium was added, respectively, 1 0, 0 75, 0 5, 
and 0 25 ml of a 5 mg ''ml solution of chlorindanol 
Di utions of 1 10 and 1 100 of the dry g solution were 
added m a like manner to replicate series of tubes 
containing media Each tube was then inoculated 
with 1 0 ml of 1 1,000 dilution m broth of an eight 
een to twenty two hour broth culture of the test or 
ganism, resulting m a series of tubes containing con- 
i' Received August 13 1958 from the Biology Division 
Sterling Winthrop Research Institute, Rensselaer N Y 


ccntrations of chlorindanol ranging from 1 0 to 
0 0025 mg /ml contained in a final volume of 5 ml 
per tube End points were determined more ex 
actlj’ b>' repeating the test with drug concentrations 
varied at closer intervals within an appropriate 
range The procedure was modified in the case of 
Clostridium perfringens by doubling all volumes to re 
suit in a final volume of 10 ml per tube and the cul 
ture medium used was Bacto A C medium In the 
case of Mycobacterium tuberculosis the medium used 
was Youmans’ liquid medium and the inoculum con 
sistcd of a suspension of tubercle bacilli harvested 
from Petragnani’s medium and adjusted to provide 
0 1 mg per ml For all other bacteria, tryptose 
phosphate broth (Bacto) was used, with addition 
of 2% normal horse scrum for grow th of streptococci 
or pneumococci 

Antifungal Tests. — These were performed in the 
manner desenbed above except that the inoculum 
consisted of spores prepared by the method of the 
A O A C (2) and maltose peptone broth was used 
as the medium, incubation was at 25° for ten days 
In the case of Candida albicans the iiioeulum con 
sistcd of a 1 1,000 dilution of a seventy two hour 
culture in maltose peptone broth 

Germicidal Efficiency of Chlorindanol. — This was 
determined as the minimum penod of exposure at 
room temperature required to kill the test organism 
exposed to gii en concentrations of germicide In 
this procedure 0 5 ml of an eighteen to twenty two 
hour broth culture was added to 5 ml of an aqueous 
solution of chlorindanol and rapidly mixed At the 
end of various penods of exposure, 0 05 ml of the 
test mixture w as removed to 10 ml of F D A broth 
containing 0 7 mg of lecithin per ml of medium as an 
inactiv ator, and incubated for forty eight hours at 
37° Absence of visible growth was taken to mean 
effective germicidal action w ithin the exposure time 
represented by the sample 

The results of tests for antibacterial activity are 
shown in Table I Chlorindanol was bacteriostatic 
and bactericidal for the 20 species of Gram negative 
bacteria and the 10 species of Gram positive bac 

teria In general, chlorindanol was somewhat more 

active against Gram negativ e than against Gr?m- 
positive bacteria It is noteworthy that the differ 
eiice betw een bacteriostatic concentration and bac 
tcricidal concentration was always small and in a 
number of instances the values were identical, sug 
gesting that the action of the compound was rapid 
even at limiting dilutions Chlorindanol was mef 
fcctive against spores of Bacillus sublilis, but it was 
effective against a strain of C perfringens which is 
raeagerly sporogenic In terms of dilution, vegeta 
tive forms of all the species and strains tested were 
susceptible to chlorindanol 1 2,500 (one strain of 
Pseudomonas) to 1 25,000 (M tuberculosis) 

The germicidal efficiency of chlorindanol is shown 
by the data presented in Table II Staphylococcus 
aureus 209 was killed within seven and one half 
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Table I.~Antibacterial Action of Chlorin- 
DANOL for Gram-Negative and Gram-Positu’e 
Organisms 


Minimum 
Concentration 
Required, mg./mi. 


'Stasis Kill 

Gram-negative 

Aerobacler aerogencs 0.2 0.2 

Brucella abortus 11192 0.03 0.07 

B. nieWensi's L-1 0.05 0.1 

B. riitr 1744 0.06 0.1 

Destdfmiibrio desulfurica ns 

7757 0.03 0.07 

Escherichia coli 198 0.07 0.09 

E.coH 4157 G 0.06 0.08 

Eberthella iyphi 'Ro'pyims 0.05 0.07 

Klebsella pneumoniae 4S 0.1 0.1 

Pasteurelia boviseptica 

Harvard 0.05 0.07 

Proteus vulgaris 9920 0.1 0.1 

P.mirabiHs9m 0.1 0.1 

Pseudomonas aeruginosa N.O. 0.2 0.4 

P . aeruginosa 0.4 0 4 

Salmonella enteritidis 58S 0.06 0.08 

5. schottmuelleri 0.07 0.1 

S. paratyphi 9150 _ 0.07 0.1_ 

Shigella dyscnleriae Shiga. 0,05 0.07 

S. paradysenteriae 0 06 0.07 

Vibrio cholerae 23 0.03 0.04 

Gram-positive 

Bacillus subtilis 0.05 >1.0 

Clostridium perfringens Mich. 0.06 0.1 

Diplococcus pneumoniae I 0.03 0.05 

D . pneumoniae \l 0.03 0.05 

Mycobacterium smegmalis 0.04 0.05 

il. tuberculosis HZTR.V 0 02 0.04 

Staphylococcus aureus 1109 0.06 0.15 

S. aureus S\VRl 0.06 O.OG 

Streptococcus faecalis 10C\ 0.06 0.07 

B. pyogenes C203 0 09 0.2 

S. viridans 9811 0.08 0.15 


minutes by a dilution of 1:1,500 at room tempera- 
ture. Eberthella lyphi Hopkins was the most sus- 
ceptible of the organisms tested by this procedure. 
Relatively resistant strains of P. aeruginosa were 
killed by e.\posure to 1 : 1 ,000 for five minutes. 

Table 111 shows that chlorindauol is effective in 
vitro in low concentrations against Candida albicans 
and a variety of fungi when exposure is prolonged. 
In a fungicidal efficiency test, it was demonstrated 
that C. albicans, T. mentagrophytes, and A. niger 
were killed by exposure to 1 ; 1,QQ0 and 1 -.2,000 dilw- 
fions for five minutes and sixty minutes, respectively 
(Table 11'), 

Conventional phenol coefficient values were deter- 
mined tor cMorindanol by the so-called F. D, A. pro- 
cedure, using se /eral species of bacteria as the test 
organi.sms. Thesr values arc summarized in Table 
V. These value; were not significantlj- reduced 
when the subcultures were made into lecithin inac- 
tivator broth. 

Chlorindanol 1 :5,000 was amebacidal for Enda- 
moeba hislolylica when incorporated in Hansen’s egg 
infusion medium, inoculated with the sediment from 
a pool of rich cultures, and incubated at 36° for thirty 
hours; a 1 ; 10,000 dilution reduced the number of 
amcbac per drop of sediment from 590 to 9, and 
1:20,000 dilution was ineffective. A 1:2,500 dilu- 


tion killed a heavy inoculum of cysts of E. histolytica 
in thirty minutes but not in ten minutes e.xposure. 

Chlorindanol was tested for trichomonacidal ac- 
tivity by mi.xing various dilutions in isotonic saline 
solution with cecal content from hamsters contain- 
ing approximately 3 million trichomonads (Tricho- 
monas miiris and T. mintila) per ml. Chlorindanol 
1 :2,000 immobilized all trichomonads in an average 
time of one minute and six seconds, 1 :3,000 killed in 
three minutes, 1:4,000 killed in twelve minutes and 
forty-two seconds, and 1:5,000 killed in eighteen 
minutes and thirty seconds. When chlorindanol was 
added to rich cultures of Trichomonas vaginalis of 
human origin, in Johnson’s medium (3), a dilution of 
1 :2,000 cofflpletelj' immobilized all trichomonads in 
less than one minute, 1:4,000 immobilized in two 
minutes, and 1:8,000 immobilized in thirteen min- 
utes when immobilization time was measured from 
the moment of mixture of the culture with an equal 
volume of chlorindanol. 

The action of chlorindanol on human spermatozoa 
was determined on two specimens of semen, from dif- 
ferent patients, received in a viable condition from a 
collaborating physician. In accordance with the 
procedure of Brown and Gamble (4), a small quan- 
tity of semen was drawn into a capillary pipet, fol- 
lowed by an equal volume of drug dilution. The ma- 
terial was thoroughly mixed on a microscope slide and 
sealed under a cover glass. Final dilutions of 
1:2,000, 1:3.000, 1:4,000, 1-.5.000, 1:6,000, 1:8,000, 
and 1 .10,000 chlorindanol were tested. The rate of 
immobilization was determined by continuous obser- 
vation under the microscope. There was some vari- 
ation between replicate samples, obviously due to var- 
iations in uniformity of mixing. However, it is clear 
that chlorindanol is a highly effective spermicide. 
The dilutions of 1 :2,000 and 1 .-3.000 immobilized 
immediatelj',- 1:4,000 immobilized in an average 
time of two minutes and thirty seconds, and tliree 
minutes; 1:5,000 immobilized in ten minutes and 
forty-eight seconds and eleven minutes and twelve 
seconds (range 3-18 and 3-25 minutes); 1:6,000 
immobilized in twenty-three minutes and 1 : 8,000 in 
fifty-three minutes; 1 : 10,000 was not completely 
effective in three hours. 


SAFETY EVALUATION OF CHLORINDANOL 

The systemic toxicity of chlorindanol and its ef- 
fect on tissues have been studied under a variety of 
experimental conditions as summarized below. 

Acute toxicity (5). — The toxicity of single gradu- 
ated doses of chlorindanol was determined by ad- 
ministration either orally, intravenously, or intra- 
peritoneally to groups of ten male Swiss (Webster) 
albino mice weighing 22 ± 2.0 Gm. For oral and 
intrapcritoncal medication the drug was prepared as 
a 4% stock solution in dilute NaOH and adjusted to 
pH 10.0. Appropriate aqueous dilutions were pre- 
pared to provide tlie desired dose levels in a volume 
of OBI nil./Gm. of body weight; ora! administration 
was by stomacli tube. For intravenous administra- 
tion a 1.0% solution of chlorindanol was prepared 
and injection into the tail vein was made at a constant 
rate of 1,0 ml. per minute. The animals were ob- 
served for symptoms of acute toxicity over a peric ' 
of several hours following medication and for delayc 
symptoms over tlie seven days following medicatio 
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Tarle II. — Germicidal Efficiency of Ciilorindanol at Room Temperature 


Test OrKanism 

5. aureus 209 

a) 

'A 

1:1,000 

1 

1:2,000 

E. typhi Hopkins 

Es. coli (2 strains) 

P. aeruginosa 211 

P. aeruginosa N.O. 
jl/. tuberculosis H 37 Rv“ 

b) 

1:1,000 

1:3^000 


Maximum Dilution Killing, Min.- 


2‘A 

5 

7'A 

10 

15 

1:2, .500 

i:i^6oo 

1:1^.500 

l:i’500 

1:1^500 

1:3’6oO 

1:4,000 

1:4,000 

1:4,000 

1:4,000 


1:3,000 


1:3,500 

1:4,000 


1:1,000 


1:1,500 

1:1,500 


1:1,000 


1:1,500 

1:1,500 


1: 1,000 


1:2,500 



“ Lethal effect confirmed by guinea pig inoculation. 


Table III. — Antimicrobial Action of Ciilorin- 
danol FOR Certain Yeast-Like Organisms and 
Fungi 



Minimum 

Concentration 


Needed, 

mg. ml. 


'Stasis 

Kill 

Aspergillus niger 

0.025 

0 3 

Candida albicans 

0 03 

0.03 

Pityrosporum ovate 

0.05 

0 05 

Tricho^hvlon ^v{)scitm 

0 025 

0 03 

T. interdigttale 

0 025 

0.025 

T. mentagrophytes 

0 0125 

0.025 


Table IV. — Fungicidal Efficiency 


Organism 

■ Min. Required to 

1 1.000 1:2,000 

Kill « 

1:4,000 

C. albicans 

<5 

<5 

30 

T. mentagrophytes 

<5 

<5 

<5 

A. niger 

<5 

<5 

CO 


Table V. — Phenol Coefficient Values of 
Chlorindanol 


Average P. C. at 20®- 


Without Serum With 10% Serum 



Av. 

P. C. 

Av, 

Limiting 

DUn. 

P. c. 

Av. 

Limiting 

DUn. 

5. aureus 209 

27.0 

1625 

12.2 

733 

E. typhi 

Hopkins 

46.4 

4187 

27.7 

2,500 

Es. coli 198 

43.7 

3500 

25.8 

2,333 

Es. coli 4157 G 

53.0 

4166 

22.2 

2,000 

Sal. enteritidis 
588 

56.2 

4500 

22.2 

2,000 

P. aeruginosa 

211 

21.8 

1750 

12.9 

1,000 

P. aeruginosa 

N.O. 

19.3 

1550 

14 2 

1,000 


As a measure of toxicity, the LDso was calculated by 
the method of Miller and Tainter (6) at twenty-four 
hours and at seven days after medication. 

The LDw values obtained are presented in Table 
VI. The symptoms of acute oral toxicity consisted 
of slight to severe respiratory depression and general 
depression, related to the magnitude of the dose. 
The deaths occurred within two to fifteen hours after 
medication. Intravenous injection of toxic doses 
caused hypere-xcitability, tonic and clonic convul- 
sions, and death due to respiratorj- arrest within one 
to ten minutes after injection ; there were no delayed 
deaths. Intraperitoneal injection of toxic doses 


Table VI. — Acute Toxicity of Ciilorindanol 
FOR 22-Gm. Mice 


Route of 

' — LDio ± S. E., rag./Kg. — • 

Administration 

at 24 hrs. 

at 7 days 

Intravenous 

48 ± 2 

48 ± 2 

Intraperitoneal 

188 ± 30 

96 ± 22 

Oral” 

960 ± 52 

920 ± 35 


** Administered as an alkaline solution at pH 10.0. When 
chlorindanol was administered as a suspension in 1% gum 
tragacanth for five consecutive days the LDio for mice was 
greater than 1,585 mg./Kg./day and for rats was calculated 
to he 1,050 d: 205 mg./Kg./day, 

caused severe general depression and the deaths oc- 
curred sporadically over a period of several days. 
The values given in Table \T indicate that chlorin- 
danol is not a highly toxic compound. 

Subacute toxicity. — Two types of subacute toxic- 
ity tests were carried out. The determination of 
an LDso on the basis of daily doses administered by 
stomach tube for five consecutive days, followed by 
observation for seven subsequent days, is particu- 
larly useful for bringing out any tendency for cum- 
ulative delayed toxic manifestations. Secondly, a 
three weeks toxicity test carried out at relatively 
high dose levels is useful in providing a measure of 
the degree of tolerance to be expected from chronic 
intake or absorption of the drug. 

Five-day subacute toxicity tests were carried out 
both in mice and in rats (Sprague-Dawley strain). 
Chlorindanol was administered to groups of five male 
albino mice as single daily doses of 795 and 1,585 
nig./Kg. for five consecutive days. The drug was 
administered as a suspension in 1.0% gum traga- 
canth solution, A control group received only the 
vehicle for five days. Hematological studies were 
carried out on all surviving mice one day before they 
were sacrificed and autopsied. The mice which re- 
ceived 795 mg. /Kg. daily developed moderate res- 
piratory and general depression within twenty to 
thirty minutes after each dose. The depression per- 
sisted for four to five hours after the first dose and 
was of progressively shorter duration thereafter. 
There were no deaths at this dose level and body 
weight gain did not differ significantlj' from that of 
the controls. All of the mice which received the 
daily dose of 1,585 mg. /Kg. showed severe respira- 
tory and general depression within tiventy to thirty 
minutes after medication; these animals remained 
prostrate for four to five hours after tlie first dose but 
the symptoms became progressively less severe. At 
the high dose level one mouse died about 12 
hours after the first dose but all others survived with 
only moderate weight loss during the medication pe- 
riod and weight was gained at a normal rate after tlie 
last dose. The blood studies did not show any ab- 
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normal deviation in number or morphologj- of leuco- 
cytes or erj'throcj'tes, and pathological changes at- 
tributable to the medication were not found at 
autopsy. 

Chlorindanol was administered oraliy once daily 
for five consecutive days to three groups of ten male 
albino rats at dose levels of 800, 1,600 and 3,200 
mg./Kg. The drug was suspended in 1.0% gum 
tragacanth. A control group of ten rats received 
only the vehicle. The animals were observed for 
seven days after the last dose and blood studies were 
carried out on the control rats and the seven sur- 
viving rats of the 1,600 mg./Kg. group on the sixth 
post -medication day, all survivors were sacrificed 
and autopsied on the seventh day. 

All rats which received 800 mg./Kg. daily for five 
days were normal in appearance and behavior 
throughout the experiment. Four of the ten rats in 
the 1,600 mg./Kg. group developed blood tinged na- 
sal exudate and three of them died (two on the third 
day and one on the fourth day of medication). All 
of the rats on the high dose level (3,200 mg./Kg.) de- 
veloped bloody secretions, diarrhea, and died by the 
end of the fourth day of medication. The body 
weight gain of the rats on the low dose was slightly 
depressed, and the 1,600 mg./Kg. dose caused mod- 
erate depression of weight gain during the medication 
period; all survivors gained at a normal rate as soon 
as medication was stopped. There was no signifi- 
cant deviation from normal leucocyte or erytlirocye 
counts, differential count or hemoglobin concentra- 
tion of the control rats or seven survivors of tlie 
1,600 mg./Kg. group. Significant gross or histo- 
pathological changes were not found on autopsy of 
all surviving rats. The 5-day LDsn of chlorindanol 
in rats was calculated to be 1,650 ± 265 mg./Kg. per 
day. It is apparent from this study that chlorin- 
danol, orally, is less readily absorbed, and conse- 
quently less toxic, when administered as a suspension 
than when administered as an alkaline solution. 

Three-Weeks Subacute Toxicity Test in Rats. — 
Chlorindanol was administered orally, by stomach 
tube, to three groups of ten male albino Sprague- 
Dawley rats in single daily doses of 200, 400. and 
800 mg./Kg. A total of 18 doses was administered 
over a period of twenty-one days. The drug was 
given as a suspension in 1.0% gum tragacanth. A 
control group of ten rats received only the vehicle. 
The animals were weighed three times a week and 
carefully observed for signs or symptoms of toxicity. 
Hematological studies were carried out on all of the 
animals four days before the end of the experiment. 
At the cud of the experiment all animals were sacri- 
ficed with ether, the thoracic and abdominal viscera 
were examined for gross lesions, and portions of each 
organ were fixed in Zenker-formalin for histological 
study. 

All of the animals remained normal in appearance 
and behavior throughout the experiment. One rat 
on the low dose died of intercurrent pneumonia on 
the tenth day. The average growth rate of the rats 
on the low dose was similar to that of the control 
group throughout the experiment. The growth of 
the rats on the 400 and 800 mg./Kg. dosage was de- 
prc.ssctl in relation to size of the dose; body weight 
was 11.3% and 38% less than the control group at 
the end of the experiment. The blond studies did 
not show any abnormal deviation in the total eryth- 
rocyte or leucocyte count, in hemoglobin concen- 


tration, differential count, or hematocrit. Pathologi- 
cal changes in organs or tissues, attributable to medi- 
cation with chlorindanol, were not found. 

Irritation Studies. — Experiments were carried out 
to determine the capacity of chlorindanol to cause 
toxic irritation to skin, eyes, and genital mucosa of 
rabbits. The procedures used were those of Draize, 
Woodard, and Calvery (7) and the severity of ocular 
inflammation was scored bv the method of Hoppe, 
rial. (8). 

Skin irritation tests were carried out on 1 4 rabbits, 
of which 12 were treated with chlorindanol and two 
were treated with control solutions. The area of the 
clipped back and sides of each animal was marked off 
into quadrants. The skin of alternate quadrants 
was abraded by means of two pairs of intersecting 
scratches; each scratch was one centimeter long. 
Each test area was covered with a 4 x 4 cm. sterile 
gauze pad secured to the skin by means of adhesive 
tape. An equal number of abraded and intact areas 
of skin were treated with powdered crystalline chlor- 
indanol and with a 2.0% solution of the drug in 46% 
polyethylene glycol (PEG-400). Controls received 
only the vehicle. The test materials were intro- 
duced as uniformly as possible under the pads. The 
treatment consisted of 0.5 Gra. of pure chlorindanol 
powder or 0.5 ml. of the 2.0% solution. After appli- 
cation of the medication, the entire trunk of each 
rabbit was wrapped in polyethylene sheet and a 
heavy cloth. The wrappings and the pads were re- 
moved after twenty-four hours for examination and 
scoring; additional observations were made at sev- 
enty-two hours and seven days. For evaluation, the 
scores at twenty-four and seventy-two hours were 
averaged separately and the derived values were then 
averaged to give the primary irritation index. 

According to Draize, et al. (7), “compounds pro- 
ducing combined averages (Primary irritation jn- 
dexe-s) of 2 or less are only mildly irritating whereas 
those with indexes from 2-5 arc moderate irritants, 
and those above 6 are considered severe irritants.” 
In the experiment described above, the combined 
average for chlorindanol powder was zero, for the 
2.0% solution in PEG-400 the index value was 0.05, 
and for the vehicle control the indax was zero. It is 
concluded that under the conditions of the experi- 
ment, chlorindanol is not a primary irritant for the 
skin of the rabbit. 

Eye irritation tests were carried out according to 
Draize, cl al. (7) , and Hoppe, et al. (8) . The concen- 
trations of chlorindanol tested were 0.5, 0.75, 1.0, and 
1.5% in 67% PEG-400. Twenty-two rabbits were 
used for the e.xperiment, five for each dose level and 
two for vehicle controls. One-tenth milliliter of the 
test solution was instilled into the conjunctival sac 
of the right eye of each rabbit. The condition of the 
medicated eye was compared with that of the unmedi- 
cated left eye at twenty-four, forty-eight, seventy- 
two, and ninety-six hours, and at seven days. The 
results indicated that the 0.5% solution was com- 
pletely tolerated; three of five animals receiving 
0.75% solution showed transitory mild In^peremia 
which disappeared within twenty-four hours; the 
two higher doses caused moderate h\-peremia which 
was apparent at twenty-four, fort.v-eight, and 
ninety-six hours but not at one hundred-twenty 
hours; partial clouding of the cornea was observed 
in two rabbits of tlie 1.0% group and four of five rab- 
bits of the 1.5% group but all eyes were normal by 
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Table II — Germicidal ErnciENcv or Ciilorindanol at Room Temperature 


Maximum Dilution Killing' Min 


Test Orj,'inism 

'A 

1 

2>A 



7-A 

10 

lo 

N aureus 209 

i) 1 1,000 

1 2,000 

1 2,500 







b) 



1 

1,000 

1 1,500 

1 1,500 

1 1,500 

E typhi Hopkins 

1 1,000 

1 3,000 

1 3,000 

1 

4,000 

1 4,000 

1 4,000 

1 4,000 

Es coll (2 strains) 




1 

3,000 


1 3,500 

1 4,000 

P aeruginosa 211 




1 

1,000 


1 1,600 

1 1,500 

P aeruginosa N O 




1 

1,000 


1 1,600 

1 1,500 

M tuberculosis H 37 Rv“ 




1 

1,000 


1 2,500 



“ I ethal effect confirmed by guinea pig inoculation 


Table III — Antimicrobiai Action or Chlorin 
DANOL FOR CERTAIN YeaST LIKE ORGANISMS AND 
Fungi 



Minimum 

Concentration 


Needed 

mg ml 


'Stasis 

KiU 

Aspergillus niger 

0 025 

0 3 

Candida albicans 

0 03 

0 03 

Pityrosporum male 

0 05 

0 05 

Trichophyton gypseum 

0 025 

0 03 

T inlerdigitalc 

0 025 

0 025 

T mentagrophytes 

0 0125 

0 025 


Table IV — Fungicidal ErriciENC\ 


Organism 
C albicans 
T mentagrophytes 
A niger 


• Mm Required to Kill 

1 1 000 1 2 000 1 4 000 

<5 <5 30 

<5 <5 <5 

<5 <5 60 


Table V — Phenol Coefficient Values of 
Chlorindanol 


Average P C at 20® 

Without Serum With 10% Serum 


5 aureus 209 

Av 

P c 
27 0 

E typhi 

Hopkins 

46 4 

Es coh 198 

43 7 

Es coll 4157 G 

53 0 

Sal enteritidis 
588 

56 2 

P aeruginosa 

211 

21 8 

P aeruginosa 
NO 

19 3 


A\ 

Limiting 

Diln 

P c 

A^ 

Limiting 

Dtln 

1625 

12 2 

733 

4187 

27 7 

2,500 

3500 

25 8 

2,333 

4166 

22 2 

2,000 

4500 

22 2 

2,000 

1750 

12 9 

1,000 

1550 

14 2 

1,000 


As a measure of toxicity, the LDso uas calculated by 
the method of Miller and Tainter (6) at twentj four 
hours and at seven days after medication 

The LDso values obtained are presented in Table 
VI The symptoms of acute oral toxicity consisted 
of slight to severe respirator} depression and general 
depression, related to the magnitude of the dose 
The deaths occurred within two to fifteen hours after 
medication Intravenous iniection of toxic doses 
caused hyperexcitabiht} , tonic and clonic convul 
sions, and death due to respiratory arrest within one 
to ten minutes after injection , there were no delayed 
deaths Intraperitoneal injection of toxic doses 


Table VI — Acute Toxicitx or Chlorindanol 
roR 22 Gm Mice 


Route of 

- — I Dio ± S E mg /Kg — • 

Administration 

at 2 i hrs 

at 7 days 

Intravenous 

48 ± 2 

48 ± 2 

Intraperitoneal 

188 ± 30 

96 ± 22 

Oral” 

960 ± 52 

920 ± 35 


^ Administered as an alkaline solution at pH 10 0 When 
chlorindanol was administered as a suspension in 1% gum 
tragacanth for fi\ e consecutive days the LDio for mice was 
greater than 1 585 mg /Kg /day and for rats was calculated 
to be 1 G50 dr 205 mg /Kg /day 

caused severe general depression and the deaths oc 
curred sporadicall} over a period of several dais 
The values giv cn in Table indicate that chlorin 
danol IS not a highlj toxic compound 

Subacute toxicity. — T\\ o t} pcs of subacute toxic 
ity tests were earned out The determination of 
an LDso on the basis of dail}' doses administered b} 
stomach tube for five consecutive dajs, folloued bj 
observation for seven subsequent dajs, is particu 
larlv useful for bringing out an} tendenev for cum 
ulative dela}ed toxic manifestations Secondly, a 
three weeks toxicit} test carried out at relatively 
high dose levels is useful in providing a measure of 
the degree of tolerance to be expected from chronic 
intake or absorption of the drug 

Five day subacute toxicit} tests were carried out 
both in mice and m rats (Sprague-Daw le} strain) 
Chlonndanol was administered to groups of five male 
albino mice as single daily doses of 795 and 1,585 
rag /Kg for five consecutive days The drug was 
administered as a suspension in 1 0% gum traga 
canth solution A control group received onl} the 
vehicle for five da}s Hematological studies were 
carried out on all surv ivmg mice one da} before the} 
were sacrificed and autopsied The mice which re 
ceived 795 mg /Kg daily dev eloped moderate res 
pirator}’ and general depression within twenty to 
thirty minutes after each dose The depression per- 
sisted for four to five hours after the first dose and 
was of progressively shorter duration thereafter 
There W'ere no deatlis at this dose level and bod} 
weight gain did not differ significantly from that of 
the controls All of the mice which received the 
daily dose of 1,585 mg /Kg showed severe respira- 
tory and general depression within twenty to thirty 
minutes after medication, these animals remained 
prostrate for four to five hours after the first dose but 
the s} mptoms became progressively less severe At 
the high dose level one mouse died about 12 
hours after the first dose but all others survived with 
only moderate weight loss during the medication pe 
nod and weight was gamed at a normal rate after the 
last dose The blood studies did not show any ab- 
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normal deviation in number or morpliologj' of leuco- 
cytes or erj'throcytes, and pathological changes at- 
tributable to the medication tvere not found at 
autopsj'. 

Chlorindanol was administered orally once daily 
for five consecutive days to three groups of ten male 
albino rats at dose levels of 800, 1,600 and 3,200 
mg./Kg. The drug was suspended in 1.0% gum 
tragacanth. A control group of ten rats received 
only the vehicle. The animals were observed for 
seven daj’S after the last dose and blood studies were 
carried out on the control rats and the seven sur- 
viving rats of tlie 1,600 mg./Kg. group on the sixth 
post-medication day; all survivors were sacrificed 
and autopsied on the seventh day. 

All rats which received 800 mg./Kg. daily for five 
days were normal in appearance and behavior 
throughout the experiment. Four of tlie ten rats in 
the 1,600 mg./Kg. group developed blood tinged na- 
sal exudate and three of them died (two on the third 
day and one on the fourth day of medication) . All 
of the rats on the high dose level (3,200 mg./Kg.) de- 
veloped bloody secretions, diarrhea, and died bs” the 
end of the fourth day of medication. The body 
weight gain of the rats on the low dose was slightly 
depressed, and the 1,600 mg./Kg. dose caused mod- 
erate depression of weight gain during the medication 
period; all survivors gained at a normal rate as soon 
as medication was stopped. There was no signifi- 
cant deviation from normal leucocyte or erythrocyde 
counts, differential count or hemoglobin concentra- 
tion of the control rats or seven survivors of the 
1,600 mg./Kg. group. Significant gross or histo- 
pathological changes were not found on autopsy of 
all surviving rats. The 5-day LDm of chlorindanol 
in rats was calculated to be 1,650 ± 265 mg./Kg. per 
day. It is apparent from this study that chlorin- 
danol, orally, is less readily absorbed, and conse- 
quently less toxic, when administered as a suspension 
than when administered as an alkaline solution. 

Three-Weeks Subacute Toxicity Test in Rats. — 
Chlorindanol was administered orally, by stomach 
tube, to three groups of ten male albino Sprague- 
Dawley rats in single daily doses of 200, 400, and 
800 mg./Kg. A total of 18 doses was administered 
over a period of twenty-one days. The drug was 
given as a suspension in 1.0% gum tragacanth. A 
control group of ten rats received only the vehicle. 
The animals were weighed three times a week and 
carefully observed for signs or symptoms of toxicity. 
Hematological studies were carried out on all of the 
animals four days before the end of the experiment. 
At the end of the experiment all animals were sacri- 
ficed with ctlier, the thoracic and abdominal viscera 
were examined for gross lesions, and portions of each 
organ were fixed in Zenkcr-formalin for histological 
study. 

All of the animals remained normal in appearance 
and behavior throughout tiie e.xperiment. One rat 
on the low dose died of intercurrent pneumonia on 
the tenth day. The average growth rate of tlie rats 
on the low dose was similar to that of the control 
group throughout the experiment. The growth of 
the rats oil the 400 and SOO mg./Kg. dosage was de- 
pressed in relation to size of the dose; body weight 
was ll..l% and 38% less than the control group at 
the cud of the experiment. The blood studies did 
not show any abnormal deviation in the total eryth- 
rocyte or leucocyte count, in hemoglobin concen- 


tration, differential count, or hematocrit. Patliologi- 
cal changes in organs or tissues, attributable to medi- 
cation with chlorindanol, were not found. 

Irritation Studies. — Experiments were carried out 
to determine the capacity of chlorindanol to cause 
toxic irritation to skin, eyes, and genital mucosa of 
rabbits. The procedures used were those of Draize, 
Woodard, and Cah'ery (7) and the severitj- of ocular 
inflammation was scored by the method of Hoppe, 
el al. (8). 

Skin irritation tests were carried out on 14 rabbits, 
of which 12 were treated with chlorindanol and two 
were treated with control solutions. The area of the 
clipped back and sides of each animal was marked off 
into quadrants. The skin of alternate quadrants 
was abraded by means of two pairs of intersecting 
scratches; each scratch was one centimeter long. 
Each test area was covered with a 4 x 4 cm. sterile 
gauze pad secured to the skin by means of adhesive 
tape. An equal number of abraded and intact areas 
of skin were treated with powdered crystalline chlor- 
indano! and with a 2.0% solution of the drug in 46% 
polyethylene glycol (PEG-400). Controls received 
only the vehicle. The test materials were intro- 
duced as uniformly as possible under the pads. The 
treatment consisted of 0.5 Gm. of pure chlorindanol 
powder or 0.5 ml. of the 2.0% solution. After appli- 
cation of the medication, the entire trunk of each 
rabbit was wrapped in polyethylene sheet and a 
heavy doth. The wrappings and the pads were re- 
moved after twenty-four hours for examination and 
scoring; additional observations were made at sev- 
enty-two hours and seven days. For evaluation, the 
scores at twenty-four and seventy-two hours were 
averaged separately and the derived values were then 
averaged to give the primary irritation index. 

According to Draize, cl al. (7), "compounds pro- 
ducing combined averages (Priniarj" irritation in- 
dexes) of 2 or less are only mildly irritating whereas 
those with indexes from 2-5 are moderate irritants, 
and those above 6 are considered severe irritants.” 
In the experiment described above, the combined 
average for chlorindanol powder was zero, for the 
2.0% solution in PEG-400 the inde.x value was 0.05, 
and for the vehicle control the index was zero. It is 
concluded that under the conditions of the experi- 
ment. chlorindanol is not a primary irritant for the 
skin of the rabbit. 

Eye irritation tests were carried out according to 
Draize, et al. (7). and Hoppe, el al. (8). The concen- 
trations of chlorindanol tested were 0. 5, 0.75, 1 .0, and 
1.5% in 67% PEG-400. Twenty-two rabbits were 
used for the experiment, five for each dose level and 
two for x'ehicle controls. One-tenth milliliter of the 
test Solution was instilled into the conjunctiva! sac 
of the right eye of each rabbit. The condition of tlie 
medicated eye was compared with that of the unmedi- 
cated left eye at twenty-four, forty-eight, seventy- 
two. and ninetj'-six hours, and at seven days. The 
results indicated that tlie 0.5% solution was com- 
pletely tolerated: three of five animals receiving 
0.75% solution showed transitory mild hj-peremia 
which disappeared within twent 5 --four hours; the 
two higher doses caused moderate hj-peremia which 
was apparent at twenty-four, forty-eight, and 
ninety-six hours but not at one hundred-twenty 
hours; partial clouding of the cornea was observed 
in two rabbits of tlie 1.0% group and four of five rab- 
bits of the 1.5% group but all eyes were normal bv 



216 


Journal of the American Pharmaceutical Association Yol. XLVIII, No. 4 


the seventh day. The control solution of the 67% 
PEG-400 did not cause any inflammation Under 
the conditions described, chlorindanol 0 5% was 
nonirritating, 0.75% was very mildly irritating, 1.0%, 
and 1.5% were only moderately irritating Chemo- 
sis and discharge were minimal at the higher concen- 
tration. In an additional experiment on five rabbits, 
a 2.0% solution of chlorindanol in 46% PEG-400 
was rated as only moderately irritating and all eyes 
were clear at seven day's ; the maximum average total 
score, at forty-eight and seventy-two hours, was 10.2 
of a maximum possible score of 20. 

An experiment was carried out to determine the 
effect of chlorindanol on the penile mucosa of the 
rabbit. Three adult male albino rabbits were used 
to test the irritancy of 2.0% chlorindanol solution in 
46% aqueous PEG-400 A fourth rabbit was used to 
test the vehicle, as a control. The penis and urethral 
orifice of each rabbit was thoroughly wetted with 0.2 
cc. of test solution, which was not removed Obser- 
vations were made at one hour, twenty-four, and 
fortj'-eight hours after medication. There was no 
visible evidence of inflammation after application of 
2.0% chlorindanol in PEG 

Allergenicity. — An experiment was carried out in 
guinea pigs to test the allergenicity of chlorindanol 
in accordance with the procedure of Draize, cl al. 
(7). Seven male guinea pigs, ranging from 325 to 
450 Gm in weight, were used. Five guinea pigs 
were prepared by a series of ten intradermal injec- 
tions of an 0.1% solution of chlorindanol in 10% 
PEG-400, and two guinea pigs received similar 
“sensitizing” injections of 10% PEG-400. The in- 
jections were made intradcrmally, three times a week 
until a total of ten had been completed. The first 
injection was a single dose of 0.05 ml followed by 
nine injections of 0.1 ml. At the time of each injec- 
tion, the area of any resulting erythema and indura- 
tion was recorded. Two weeks after the last pre- 
parative dose, each guinea pig was challenged for evi- 
dence of induced hypersensitivity by an intradermal 
injection of 0 05 ml. of a fresh 0 1% solution of 
chlorindanol in PEG-400, and for control purposes 
each animal also received 0.05 ml. of 10% PEG-400. 
The sites of injection were observed for immediate 
reaction, and again twenty-four hours after injection. 
Areas of erythema were measured for comparison 
with the response to the first preparative injection. 
It was not possible to distinguish between tbe wheals 
produced by the PEG-400 alone and PEG-400 con- 
taining chlorindanol, or between the primary response 
and the challenge response. It was concluded that 
chlorindanol is not an allergenic substance under the 
conditions described 

Solutions of 0 5%, 1.0%, and 2 0% chlorindanol in 
46% aqueous PEG-400 did not modify the course of 
healing of incisions 1 cm. in length made into the der- 
mal layer of skin of six adult albino rabbits. Each 
incision was covered with a 4-cra. square sterile gauze 
pad and 0.5 ml. of test solution was applied daily for 


three days. For the first three days the solution was 
introduced under the pad and the trunk of the ani- 
mal was securely wrapped. After the third day the 
wrappings were omitted and pads containing test 
solution were held in contact with the wound for one 
minute twice daily for seven days, at which time the 
experiment was terminated. During the course of 
observation there was no evidence of secondary in- 
fection or of irritation attributable to the solutions 
applied. 

As the result of the experiments described above, it 
is concluded that the intrinsic toxicity of chlorin- 
danol is low, it is nonallcrgenic, and it is well tol- 
erated by skin, eyes, or genital mucosa 

SUMMARY 

Chlorindanol 1:1,000 to 1:3,000 is rapidly 
lethal to vegetative bacteria, Trichophyton sp., 
Candida albicans, Endamoeba histolytica cy'sts and 
trophozoites. Trichomonas vaginalis, and sper- 
matozoa in vitro. Oral toxicity’ is low, but is some- 
what greater when administered in alkaline solu- 
tion (LDso for the mouse = 920 ± 35 mg./Kg.) 
than when suspended in gum tragacanth (LDso 
for five consecutive daily' doses = >1,500 
mg./Kg./day). In a three weeks toxicity test, 
rats completely tolerated daily’ oral doses of 200 
mg./Kg. Dose levels of 400 and 800 mg./Kg. 
caused some retardation of weight gain but there 
were no deaths. Extensive irritation studies 
showed that chlorindanol solutions of less than two 
per cent in PEG-400 were well tolerated by skin, 
conjunctiva, and genital mucosa of rabbits, and 
were also shown to be nonallcrgenic for guinea pigs. 
A two per cent solution in forty’-six per cent PEG- 
400 did not interfere with healing of wounds. 
The properties of chlorindanol indicate that it is 
suitable for topical antiseptic or sanitizing pur- 
poses. 
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The Analysis of Digoxin Preparations* 


By ALBERT E. H. HOUK, THOMAS G. ALEXANDER, and DANIEL BANES 


Methods are proposed for the analysis of 
crystalline powders, tablets, injections, and 
elixirs containing digoxin. The glycoside 
is assayed by means of an improved^ w-dini- 
trobenzene reagent, and its purity is_ deter- 
mined by chromatographic and colorimetric 
tests. 

A N EARLIER REPORT from this laboratory' 
(1) described a procedure employing m- 
dinitrobenzene in -weakly alkaline solution for 
the colorimetric determination of digoxin. Fur- 
ther studies on the chromogenic reaction showed 
that small quantities of water in the alcoholic 
reagent profoundly influenced both the purity 
and the intensity of the color developed. That 
reagent produced colors with absorption ma.xima 
at 480 and 600-615 mg. Use of the reagent pro- 
posed below yielded more intense colors with a 
single peak in the visible region at 620 mg. 
The colors attained their maximum absorbances 
in about ten minutes at 25° under the conditions 
of the test, with only slight deviation from the 
Beer-Lambert law. 

PROPOSED METHODS OF ANALYSIS 

Alkaline Dinitrobenzene Reagent 

(a) Prepare a 5% solution of w-dinitrobenzene in 
benzene, and store in a glass-stoppered brown glass 
bottle (b) Mix 1 ml of 10% tetramethylaramo- 
nium hydroxide solution with 140 ml of absolute 
alcohol, titrate a portion uith 0 01 A’' hydrochloric 
acid, and adjust the remainder to 0 OOS N nith ab- 
solute alcohol Just prior to use, mix GO ml of (a) 
with 40 ml of (6) . 

Assay Procedure 

Sample Preparation. — (a) CryslaUinc Digouii — 
Prepare an alcoholic solution containing 125 gg of 
digoxin per ml Transfer 10 0 ml to a separator, 
add 50 ml of water and 1 ml of 2 A' sulfuric acid, 
and c.xtract nith three 30-ml portions of chloro- 
form Wash each chloroform extract in a second 
separator by shaking with 10 ml of v ater and 1 Gm 
of ground anion-cation e.xchange resin,' and filter 
through a pledget of cotton moistened nith chloro- 
form into a 100-ml xoliunetric flask Dilute to 
the mark n ith chloroform, and mix w ell This solu- 
tion !s the Assay Preparation 

ib) Elixirs and Injections — Transfer an aliquot 
containing 1 25 mg of digoxin to a separator, and 
proceed as directed under Crystalline Digoxin be- 
giuiiing -nith the nords: ‘Mdd 50 ml of water and 
1 ml of 2 A' sulfuric acid " 


(c) Tablets — Weigh into a 100-ml beaker an ac- 
curatelv measured portion of pondered tablets 
equivalent to 1 25 mg digoxin Add 10 ml of 
boiling alcohol, and stir Cover u ith a u atch glass, 
and allow to stand for twenty minutes at 60° with 
frequent stirnng Cool, wash into a separator 
quantitatii'ely with 30 ml of chloroform and 50 ml 
of water, add 1 ml of 2 N sulfunc acid, and proceed 
as directed under Crystalline Digoxin beginning with 
the words, “extract with three 30-ral portions of 
chloroform ” 

Standard Preparation. — An alcoholic solution 
containing 25 0 gg of U S P Reference Standard 
Digoxin per ml. 

Colorimetric Determination. — Pipet 5 0 ml of the 
Standard Preparation and 10 0 ml of the .4 ssay 
Preparation into similar Erlenmeyer flasks, and 
evaporate to dryness on the steam bath with the aid 
of a current of air Cool and add to each dry resi- 
due 5 0 ml of freshly prepared alkaline dinitroben- 
zene reagent Let stand five minutes at a tempera- 
ture not exceeding 30°. with frequent mixing De- 
termine the absorbances of the developing blue 
colors relative to the reagent blank at 620 mg at 
one-minute intervals, using matched I-cm cells 
and a suitable spectrophotometer Record the 
maximum absorbance of the aliquot from the Assay 
Preparation as A and that from the Standard Prepa- 
ration as S The quantity, in mg , of CuH«Ou in 
the w4Moy Preparation is given by the expression 1 25 
A IS 

Other Digitoxosides. — Pipet 20 0 ml of the Assay 
Preparation and 10 0 ml of the Standard Prepara- 
tion into separate 50-ml Erlenmeyer flasks and evap- 
orate to drymess on the steam bath w ith the aid of a 
current of air Cool, add 4 0 ml of Keller-Kiliani 
reagent fl) to each beaker and mix thoroughly-. 
After ten minutes, determine the absorbances of 
the sample and standard at 590 mg relative to the 
reagent blank at five-minute intervals. Record 
the maximum absorbance of the sample as A, and 
that of the standard as ^ The quantity in mg of 
total digitoxosides calculated as digoxin in the Sam- 
ple Preparation is 1 25 A /S The difference betw een 
this value and that obtained in the Assay Procedure 
indicates the quantity of other digitoxosides in the 
Sample Preparation 

Chromatographic Identification 

Materials.— (n) Immobile Sohent — Dilute 35 ml. 
of U S P grade formaraidc to 100 ml with acetone 
and mix Prepare fresh weekly 

(W Trichloroacetic Acid Spray Reagent — Dis- 
solve 6 Gm of trichloroacetic acid in 25 ml of U. S 
P chloroform and mix Prepare fresh daily Prior 
to use as a spray, add 0 2 ml of 30% hydrogen per- 
oxide per 10 ml of reagent (2) 

(r) Mobile Salient —Jusl prior to use, shake 100 
ml chloroform with 3 ml redistilled formamide 
Filter the chloroform layer through a cotton pledget. 

(d) Standard Preparation — Prepare a solution 
containing 3 5 mg U S P Reference Standard 
Digoxin per ml of alcohol-chloroform (1 -f 2). 
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(c) Sample Preparation. — Transfer 60 ml. of the 
Assay Preparation to a 125-ml. Erlenmeyer flask 
and evaporate to approximately 1 ml. on the steam 
bath with the aid of a current of air. Transfer the 
solution to a small weighing bottle with the aid of 
chloroform, and evaporate to dryness. Dissolve 
the residue in 0.25 ml. of alcohol-chloroform (1 + 
2 ). 

Procedure. — Arrange a suitable chamber for as- 
cending chromatography (3) using Whatman No. 1, 
8x8 inch filter paper impregnated with the Im- 
mobile Solvent. Spot separately 0.01 ml. of the 
Sample Preparation and Standard Preparation, in 
duplicate. Place the paper in the chamber, and 
permit the chromatogram to develop until the Mo- 
bile Solvent has moved to within an inch of the top. 
Remove the paper from the chamber and heat at 
90° in a current of air for fifteen minutes. Remove 
the paper, spray with Trichloroacetic Acid Spray 
Reagent, and again heat at 90° for ten minutes. Ex- 
amine the chromatogram under an ultraviolet lamp. 
The sample shows a single fluorescent spot, corre- 
sponding to that of the standard. (In order of de- 
creasing Rf values, digitoxin gives a yellow-orange 
fluorescent spot; gitoxin, a yellow to blue spot; 
digoxin a blue spot; diginatin (4) and lanatoside C, 
blue spots near the starting line.) 

DISCUSSION 

The proposed method of assay was applied to U. 
S. P. Reference Standard Digoxin; U. S. P. Refer- 
ence Standard Digitoxin; commercial samples of 
gitoxin, desacetyllanatoside C, and lanatoside C; 
two simulated tablet mixtures containing 0.0985% 
and 0.125% digoxin, respectively; two simulated 
injection mixtures, one containing 50% glycerol and 
the other 50% propylene glycol, and twenty com- 
mercial digoxin preparations of various types. The 
more polar members of the lanatoside C series 
yielded colors similar to that of digoxin with the re- 
agent but desacetyllanatoside C was completely re- 
moved, and lanatoside C partially removed in the 
extraction process. Digitoxin and gitoxin yielded 
red colors in the procedure. The absorbance of the 
color due to digitoxin was about and that of 
gitoxin about V 20 of the absorbance due to digoxin at 
620 m/i. Excessive quantities of these substances 
would be detected in the Keller-Kiliani assay and 
chromatographic test. 

Analytical data obtained for U. S. P. Reference 
Standard Digoxin after extraction were identical 
with the values obtained for the unextracted stand- 
ard in both colorimetric procedures. Recoveries of 
digoxin from simulated injections and tablet mix- 
tures ranged from 97.4 to 100.5% of the quantities 
incorporated, and agreement between analj^sts and 
between replicate analyses demonstrated excellent 
reproducibility. It was necessary to use glassware 
scrupulously free of acid and base in performing the 
dinitrobenzene colorimetric test, since the alkah'nit 3 ' 
of the reaetion mixture is critical. The ion exchange 
resin was introduced to eliminate interferences 
caused bj' stearate lubricants. 

Assai* values for digoxin and total digitoxosides 
in twenty commercial preparations are listed in 


Table I. — Assays of Commercial Digoxin 
Preparations 




Per Cent of Declared » 

Digitoxo- 

sides 

Digoxin by by 

m-Dinitrobenzene Keller- 

Analyst Analyst Kiliani 

Sample 

Description 

1 

2 

Test 

i 

Powder 

100.1 

99.0 

100.3 

2 

Powder 

95.4 

94.0 

100.5 

3 

Powder 

95.4 

94.4 

98.0 

4 

Powder 

94.0 



5 

Injection, 0,25 
mg./ml. 

94.0 

94.1 


6 

Injection, 0.25 
mg./ml. 

91.8 

91.9 


7 

Injection, 0.25 
mg./ml. 

91.4 

92.0 


8 

Elixir, 0.05 
mg./ml. 

95.5 

95.6 


9 

Tablets, 0.25 
mg./tablet 

99.5 

99.8 

101.0 

10 

Tablets, 0.25 
mg./tablet 

96,3 

98.2 

93.6 

11 

Tablets, 0.25 
mg./tablet 

95.2 

97.8 

95.4 

12 

Tablets, 0.5 
mg./tablet 

97.1 

96.8 

96.7 

13 

Tablets, 0.25 
mg./tablet 

94.0 

96.2 

93.1 

14 

Tablets, 0.25 
mg./tablet 

96.2 

95.8 

95.4 

15 

Tablets, 0.25 
mg./tablet 

95.2 

95.2 

95.6 

16 

Tablets, 0.25 
mg./tablet 

97.9 

94.3 

101.4 

17 

Tablets, 0.25 
mg./tablet 

90.5 

90.3 

92.5 

18 

Tablets, 0.25 
mg./tablet 

88.7 

88.3 

88.7 

19 

Tablets, 0.25 
mg./tablet 

86.2 

89.6 

85.2 

20 

Tablets, 0.25 
mg./tablet 

89.7 

89.5 

89.3 


Table I. The greatest difference between the two 
values (sample 16) was 7%, but these analyses were 
performed on different subsamples of tablets. In 
some cases the Keller-Kiliani value was as much as 
4% lower than the »;-dinitrobenzene assa}^ but this 
discrepancy may merelj’' reflect the limits of error 
of the methods. The paper chromatograms showed 
no excessive quantities of contaminating steroids in 
any of the digoxin preparations. 


SUMMARY 

Methods are proposed for the chemical 
identification and analysis of digoxin in com- 
mercial preparations. These methods have been 
applied successfully to crystalline powders, 
tablets, injections, and elixirs containing digoxin. 
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The Eflfect of Mouthwashes on the Oral Flora* 

By MORRIS OSTROLENKf and WILLIAM WEISS 

A study has been made of the efficacy of several commercial mouthwashes repre- 
senting as many classes of chemical agents. The method employed tends to repre- 
sent, as closely as possible, the conditions of use. The selective antibacterial ac- 
tivity of the washes was measured in terms of “before” and “after” total bacterial 
counts, and the incidence of streptococci, staphylococci, fusoform bacteria, and 
lactobacilli. There is included a study of the length of time that elapses after the 
use of the mouthwashes before the number of bacteria in the oral cavity reaches the 
number present before washing. Data obtained from these studies indicate that 
each of the compounds significantly reduces the total bacterial count in the mouth, 
and that some deal selectively with microorganisms. Each mouthwash, however, 
leaves residues of active bacteria among those removed from the oral cavity by a 
rinse technique. It appears also that the effect of the compounds is of short 

duration. 


ms COMMUNICATION continues the report of 
the investigation that has been in progress for 
purpose of developing specific in vivo bacterio- 
logical methods for the evaluation of mouth- 
washes (1,2). 

The data presented here deal with : (o) The num- 
bers of several types of microorganisms that can 
be washed out of the mouth by a rinse technique, 
(b) the selective antibacterial activity of several 
oral “antiseptic” mouthwashes, and (c) the length 
of time that elapses after the use of “antiseptic” 
mouthwashes before die number of bacteria in the 
oral cavity reaches the number present before 
washing. 

METHODS 

Two experiments were undertaken for the pur- 
poses of this study. In the first, five commercial 
mouthwashes, designated B, C, E, G, and H, and a 
sterile physiological salt solution. A', used os a con- 
trol, were tested. Si.v subjects participated in this 
experiment. 

A subject was given, at hourly intervals, four 30- 
second rinses, referred to as washes 1, 2, 3, and 4. 
Each rinse consisted of a 20-cc. solution of 0.85% 
salt. Midway between the second and third rinses, 
he was given an oral rinse consisting of one of the 
antiseptic mouthwashes or of the control, another 
salt solution. 

Following each rinse, the wash solutions were e.\'- 
pcctoratcd into sterile petri dishes, appropriately 
diluted, and immediately planted into si.x semidiag- 
nostic culture media as follows: (a) semisolid thio- 
glycollatc shake agar tubes (2), incubated at 34“ for 
forty-eight hours; (b) Chapman’s streptococcus 
agar (3), incubated at 34“ for forty-eight hours; (c) 
Chapman’s staphylococcus agar (4), incubated at 
37“ for seventy-two hours; (d) Littman’s yeast me- 
dium (5), incubated at 30° for nincty-si.x hours; (<•) 
Spaulding-Rcttgcr fusobactcrium medium (6), in- 
cubated in anaerobic jars at 37“ for ninety-six hours; 


and (/) Tittsler’slactobacillus medium (7),* incubated 
at 37° for seven days. 

These media were tested successfully in prelim- 
inary studies undertaken to verify that each was 
selective for the group of microorganisms that it 
was designed to detect. Seventeen volunteer sub- 
jects participated in the preliminary studies. The 
oral cavity of each subject harbored the test or- 
ganisms, in widely varying numbers, but in only six 
was yeast recovered. 

Six of these 17 subjects were chosen for the e.\'peri- 
ment. The six included three, one of whom was 
yeast positive, witli bacterial counts on thioglycollate 
agar of less than 100 million ; and three, two of whom 
were yeast positive, wiUi bacterial counts on thio- 
glycollate agar of 150 million or more. 

Each of the six subjects received the mouthwashes 
B, C, E, G, H, and A' once a week for six weeks, in the 
pattern of a Latin square arrangement (2). This 
procedure was repeated during an additional six 
weeks. 

The methods employed in the second c.\periment 
were essentially those used in the first with the fol- 
lowing differences: (o) The antiseptic mouthwash 
(or control salt solution X) was given between the 
first and second hourly rinses instead of between the 
second and third; (b) four subjects participated and 
each received, on an average, two of eight mouth- 
washes, including the control, each week for eight 
weeks. Eight determinations were made on each 
compound. The moutliwashcs employed, in addi- 
tion to A', were B, C, D, E, F, G, and H. The mouth- 
washes offered the test subjects were selected at ran- 
dom, with the restriction that no subject received 
the same mouthwash twice in one week; and (c) the 
oral rinse solutions (washes 1, 2, 3, and 4) and the 
control X were planted, in duplicate, in thioglycol- 
late shake agar tubes for total bacterial counts. 

RESULTS 

Table I gives the results obtained from washes 1 
and 2 in the first experiment. Subjects 4, 5, and 6, 
chosen because tlieir total bacterial counts on thio- 
glycollate agar were in e-xcess of 150 million, re- 


• ■If. ‘ 105S. from the Division of Anti- 

■ , ' t Administration, Department of 

Vclfarc, WashinRtoo, D. C. 

' JOriO. Fewmer Address: Alexandria 
Hcaitli Department, Alexandria, Va. 


whole tomatoes, filtrate. 200 cc.; distilled water 
8(» CC-; tryptonc. 5 Gm.; trj'ptose. 5 Cm.; yeast extract 
azide 1:10,000. Adjust t 
P« < 0 with ^dmm hydroxide, readjust with lactic acid to i 
final pH Qi 5.0. 
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tained this characteristic for the duration of the 
twelve-week test period. Their average first-wash 
bacterial counts were 163,489, and 225 million, re- 
spectively. Subjects 1, 2, and 3, with initial total 
bacterial counts of less than 100 million, showed first- 
wash averages of 89, 56, and 76 million for the same 
period. In addition, tlie three subjects selected as 
yeast negative and the three chosen as yeast positive 
remained, respectively, negative and positive 
throughout the twelve weeks. 

In general, except for lactobacilli, bacterial counts 
rose between the first and second washes. It has 
been pointed out that this phenomenon is to be ex- 
pected (2). The subjects consumed a meal some- 
time prior to each test and then ate no solids during 
the four-hour testing period. Eating is a mechani- 
cal degerming process; bacterial populations tend to 
decline after meals and then to return gradually to 
premeal levels. 

Table II lists the third and fourth wash counts, ex- 
pressed as a per cent of the second wash count (made 
thirty minutes prior to the application of the test so- 
lution), for each of the test compounds. These nu- 
merical estimates measure the activity of each of the 
test products, thirty and ninety minutes after ad- 
ministration, 

A statistical analysis of variance was made sep- 
aratelj' for each test compound, for each organism 
group, and for both the thirty and ninety-minute in- 
tervals in which the antibacterial activity of each 
compound was compared with the control A'. 

Each of the five test products reduced significantly 
(p <0.05) the total bacterial counts at both time in- 
tervals, in comparison with tlie reduction brought 
about by the mechanical action of the control salt 
solution X. There were similar significant reduc- 
tions for each product in tlie streptococci counts. 

Only compounds E and G reduced significantly the 
staphylococcus counts at the thirty-minute period, as 
compared witli the cleansing action of the control. 
Mouthwash G was the only compound with a demon- 
strable antistaphylococcic effect at the ninetj'-min- 
ute measurement. 

Only mouthwash B, and only for the time period of 
thirty minutes, gave a significant reduction in the 
yeast counts. Compounds H and C showed signifi- 
cant antibacterial activity thirty minutes after use 
in the fusoform bacterial counts, with onlj^ H giving 
prolonged activity for the additional hour until the 
ninety-minute measurement. Only G and C signifi- 
cantly reduced the lactobacilli counts, and each only 
at the thirty-minute period. 

There were, for each of the counts, differences, 
often statistically significant, among the activities of 
the various test compounds. A study of Table II 
will show the hierarchies of the compounds with re- 
spect to their activities in each measurement. 

The second experiment was designed to determine 
the length of time before total bacterial counts re- 
turned to normal following the use of seven commer- 
cial mouthwashes and a physiological salt-solution 
control. Results are given in Fig. 1. 

The exTieriment shows that the logarithms of the 
bacterial counts obtained one-half hour, one and one- 
half hours, and two and one-half hours after the ap- 
plication of the moutliwashes lie approximately on 
straight lines. Recovery rates, ex-pressed as a per 
cent increase over the preceding hourly wash bac- 
terial counts, were: C, 15%; B, 30%; G, 33%; H, 



■rath 3 S 4 S 4 lm«2 9 4 


Fig. 1. — Duration of effect of test compounds. 


41%; £,49%; A 56%; £,66%; and the control, 
A', 26%. That is, on the average, the bacterial 
counts increased each hour by these percentages. 

On the basis of a statistical analysis, none of the 
recovery rates was significantly different from the 
others. 

COMMENTS 

In the evaluation of the in vivo antiseptic activity 
of mouthwashes, two measurements are of main sig- 
nificance. One of these is the count of microorgan- 
isms remaining in the oral cavitj’ after the use of a 
compound, measured in terms of external recover}’ 
by some mechanical means. The technique em- 
ployed here was an oral rinse. 

It is evident that the, five groups of microorganisms 
studied here occur at different numerical levels in the 
mouths of different individuals. Except for yeast, 
which has not been shown to vary appreciably witli 
total bacterial counts, there is some variation in the 
population of group microorganisms related to the 
different total bacterial counts of individual subjects. 
On the basis of studies undertaken thus far (1, 2), in 
which approximately 200 subjects have participated, 
the total number of bacteria that can be removed 
from the mouth by rinsing ranges up to 500 million. 
No subject has yet been encountered, however, with 
a total count of less than 5 million following the use 
of an antiseptic mouthwash. 

In the present study, the most effective product, 
H, permitted an average of 13.1% bacterial- survival 
thirty minutes after its use. Within an hour and 
one-half after the use of this product, the average 
number of bacteria recoverable by a rinse was 28% 
of what it had been prior to washing. At this point, 
there was an average of 40 million recoverable bac- 
teria present in the mouths of the test subjects. 

Product H significantly reduced at the thirty and 
ninety-minute levels the number of streptococci and 
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Table I. — Average Number of Bacteria Recovered from First and Second Washes 



Total 

Count® 

Strepto- 

cocci® 

Staphylo- 
cocci 6 

Yeast 6’ 

Eusobacteria^ 

Lactobacilli^ 

Wash 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 * 

2 

Subject 1 

89 

108 

19 

24 

1.9 

2 6 

0 

0 

22 9 

34 6 

6 3 

2 8 

Subject 2 

56 

86 

7 

11 

1 4 

2 S 

1 0 

1 5 

5 6 

/ o 

131 5 

89 4 

Subject 3 

76 

115 

17 

25 

1 4 

2 1 

0 

0 

20 0 

17 2 

18 9 

15 7 

Subject -1 

163 

164 

47 

33 

6 7 

4 3 

1 0 

0 6 

28 6 

36 5 

130 0 

89 5 

Subject 6 

489 

591 

103 

122 

1 0 

0.8 

1.1 

3.0 

39 5 

48 4 

1840 0 

2230 0 

Subject 6 

225 

255 

42 

46 

5 2 

7 3 

0 

0 

57.0 

68 9 

27 8 

31 4 

Average 

137 

173 

28 

33 

2 2 

2 7 

1 0 

1 4 

23 4 

28 6 

68 5 

54 0 


“ Counts in millions of bacteria & Counts in thousands of bacteria 


Table II. — Per Cent Recovery of Microorganisms Thirty and Ninety Minutes After Use of Five 
Commercial Mouthwashes and a Control 


Percentage" of Second Wash Counts 



Total Count 

Streptococci 

Staphylococci 

Yeast 

Fusobactena 

Lactobacilli 


30 

90 

30 

90 

30 

90 

30 

90 

30 

90 

30 

90 

Compound 

min 

min 

min 

min 

min 

min 

min. 

min. 

min. 

min 

min 

min 

B 

24 

52 

32 

52 

58 

62 

21 

47 

36 

92 

58 

51 

C 

34 

44 

18 

34 

40 

65 

45 

44 

25 

45 

17 

26 

E 

19 

31 

9 

19 

20 

78 

46 

43 

54 

133 

41 

68 

G 

18 

23 

6 

9 

23 

31 

52 

51 

110 

111 

13 

48 

H 

13 

28 

11 

24 

70 

87 

30 

36 

11 

16 

23 

61 

X 

81 

107 

105 

118 

72 

104 

82 

97 

69 

105 

89 

57 


" Rounded to nearest per cent 


fusoform bacteria in tlie mouth, but in neither in- 
stance destroyed these microorganisms to an e-v- 
tcnt such that their rapid multiplication was signifi- 
cantly retarded. The product did not demonstrate 
significant antibacterial activity for the other groups 
of microorganisms. Although all of the five test 
products used in the first e.\-pcriment significantly re- 
duced the total number of bacteria in the oral cavity, 
no one compound showed significant reductions for 
all five bacterial groups. 

The second, and probably more sensitive, measure 
of the antiseptic activity of the mouthwashes studied 
is the rapidity with which the bacterial flora of the 
oral cavity returns to its normal count. The results 
of the c.\periments undertaken here indicate that 
there is no long-lasting effect to be derived from the 
use of the products tested. 

In the in vivo c.vpcrimcnts described above, the 
methodology was that preferred b.v the authors. 
Judging by the literature, there are almost as many 
suggested test methods for the cvalu.ation of liquid 
oral preparations as there are interested investiga- 
tors. Unfortunately, the results obtained by this 
variety of methods arc not comparable. 

It would seem almost axiomatic that if liquid oral 
preparations arc to be evaluated, some standardized 
in viva techniques must be adopted. It has been 
suggested (2) that "for a practical approach, Uic 
method of obtaining oral-cavity samples for bacterio- 
logical analysis should be associated with the in- 
tended use of the class of products under test. It 
should be possible to correlate the efficacy of a medi- 
cated raouthwasli with an innocuous oral rinse, 
toothpastes with brushing alone, germicidal gums 
with the chewing of sterile paraffin or some similar 
subsUmcc, and medicated lozenges with the corre- 
sponding effect of a placebo of equal volume .and 
weight." 


If the problem of measurement of the efficacy of 
any oral preparation merits consideration, it should 
not be too difficult for some interested body of in- 
vestigators to settle on a test procedure acceptable to 
all. 


SUMMARY 

Data are given here on in vivo studies of the 
antibacterial activity of several commercial 
mouthwashes. 

It appears from these data that each of these 
compounds significantly reduces the total bac- 
terial count as measured by an oral rinse test 
method, and that some deal selectively with given 
groups of microorganisms. 

The data indicate, however, that while some of 
the compounds produced a high kill of certain 
groups of microorganisms, none produced a com- 
plete or even near complete destruction of any 
group of microorganisms. It appears also that 
the cllecl of the mouthwashes under study is of 
short duration. 
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Paper Chromatographic Evaluation of Menthol* 


By LOLA V. HOPKINS and MARTIN I. BLAKE 


A method is described for the conversion of 
menthol to a xanthate derivative which is 
isolated and treated with /<-aminobenzalde- 
hyde which produces a red color. The 
strong acidity of the color reagent regener- 
ates menthol which is determined quanti- 
tatively by a paper chromatographic pro- 
cedure which is described. 

^ I *HE EXTENSIVE USE of menthol in the pharma- 
ceutical industry has led to considerable 
interest in analytical methods for its determina- 
tion. Several chromatographic procedures have 
been developed. Varma, Burt, and Schwarting 
(1) separated menthol from menthone by a 
column chromatographic method. Ito, Wak- 
amatsu, and Kacuabara (2) used a chromatostrip 
technique to separate menthol from Japanese 
mint oil. The chromatograms were sprayed with 
aqueous vanillin and concentrated sulfuric 
acid to identify the menthol spots. Hamarneh, 
Blake, and Miller (3) reported the separation of 
menthol from peppermint oil by column chroma- 
tography and the quantitative determination of 
menthol content b)' a colorimetric method. 

The formation of xanthates for identification 
of alcohols is suggested by Guenther (4). Kari- 
yone, Hashimoto, and Kimura (5) separated 
xanthates of lower molecular weight alcohols by 
paper chromatography. 

This investigation deals with the formation of 
the xanthate of menthol (a secondary alcohol), 
and its separation from other constituents in 
complex mixtures by paper chromatography. 
The xanthate is isolated and treated with p-di- 
methylaminobenzaldehyde test solution which 
produces a red color that can be used to deter- 
mine the menthol content quantitatively. The 
strong acidity of the color reagent regenerates 
the free alcohol from the xanthate combination; 
a property of xanthates noted by Feigl (6). 
The color reaction was first observed by Masa- 
mune (7) who determined menthol colori- 
metrically in tissues and blood. The reaction 
has been applied by Hamarneh, Blake, and Miller 
(3) to the estimation of menthol in peppermint 
oil. 

* Received November 17, 1958, from the School of Phar- 
macy, North Dakota Agricultural College, Fargo. 

This paper is adapted from the manuscript submitted by 
Lola V. Hopkins which received a first pri 2 e in the 1958 
Lunsford Richardson Pharmacy Awards competition 

Abstracted from a thesis submitted to the Graduate 
School of the North Dakota Agricultural College in partial 
fulfillment of the requirements for the degree of Master of 
Science. 


EXPERIMENTAL 

Apparatus and Reagents. — Aloe chromatographic 
chamber, 12 x 24 inches; Aloe ultra-micro pipets, 
2, 4, 6, 8, 10 X; Klett-Summerson colorimeter, with 
green filter No. 54 (500 to 570 m,,); light source: 
ultraviolet lamp, type 7420, Hanovia Chemical 
and Manufacturing Co., Newark, N. J.; glass- 
stoppered graduated cylinders, 50 ml.; Whatman 
No. 1 filter paper for chromatography, 4 cm. wide, 
in a continuous roll; menthol, racemic, U.S.P., 
Magnus, Mabee, and Rej’nard; chloroform, reagent 
grade, Merck; carbon disulfide, reagent grade, 
Merck; Drierite, W. A. Hammond Drierite Co., 
Xenia, Ohio; />-dimethylarainobenzaldehyde test 
solution, U.S.P. XV, prepared dail}-; developing 
solvent: toluene :n- propanol (1:1) prepared daily 
from toluene, reagent grade, Merck, and K-propanol, 
reagent grade, Fisher Scientific. 

Procedure. — Ascending chromatographic tech- 
nique was used. The chamber was saturated with 
toluene for twenty-four hours before chromato- 
graphing by placing an open beaker of toluene in 
the chamber. Drierite was also placed in the 
chamber during this period to adsorb water vapor. 
The trough containing the developing solvent was 
placed in the chamber prior to use. 

The sample was prepared for chromatograming 
by forming a xanthate. One milliliter of the sample 
was transferred by pipet to a 10-ral. test tube 
containing 0.5 ml. carbon disulfide (delivered by 
pipet) and about 0.1 Gm. (two pellets) of potassium 
hydroxide. The test tube was shaken intermit- 
tently for exactly ten minutes. The reaction 
proceeded according to the following equation: 

I 

OH -f CS; -I- KOH -► 

A 

Menthol 

I 

(^— O— C— S— K + HoO 

I 

/\ 

Xanthate of menthol 

The Whatman filter paper was cut in strips 50 
cm. long. The end of the strip was cut to a point. 
The xanthate of menthol was applied to the paper 
by ultra-micro pipet at a position 5 cm. from the 
pointed end, and equidistant from the edges of the 
paper. The spot was made as small as possible 
with a diameter not more than 0.5 cm. Ultra- 
micro pipets were used for spot application to 
facilitate the application of a definite quantity of 
sample to the paper. 

After the spot was air-dried, the paper was 
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placed in the chromatographic chamber, the 
pointed end just dipping into the developing 
solvent. This promoted even distribution of the 
developing solvent during chromatograming. Dri- 
erite remained in the chamber during development 
to adsorb water vapoi. Optimum development 
time was two hours. 

In the post-development procedure, the paper 
was removed from the chamber and air-dried at 
room temperature. The xanthate of menthol was 
located by its yellow luminescence under ultraviolet 
light. A section containing the .xanthate was cut 
from the chromatogram and placed in a 50-ml. 
graduated cylinder. One milliliter of chloroform 
and 5 ml. of ^-dimethylaminobenzaldehyde test 
solution were added from a buret. The cylinder 
was stoppered, then shaken briefly by hand to 
ensure complete mixing of the contents, and set 
aside for two hours for optimum color development. 
Because of the strong acidity of the color reagent, 
the paper dissolved and the xanthate of mentliol 
was converted to fiee menthol. The menthol 
and the p-dimethylaminobenzaldehyde test solution 
produced a red color which was used to determine 
quantitatively the menthol content. 

The contents of the glass-stoppered cylinder were 
transferred to a Klett-Summerson colorimeter tube. 
A blank was prepared from a section of Whatman 
No. 1 filter paper treated in the same manner as 
the sample and equal in size to the section containing 
the chromatograined sample. The scale pointer 
of the Klett-Summerson colorimeter was adjusted 
to the zero marking with the blank. The light 
transmittance of the chromatograracd sample was 
then measured. 

Preparation of the Standard Curve. Racemic 
menthol was used in the preparation of the standard 
curve. Exactly 1.7500 Gm. of menthol was weighed 
into a 10-ml. volumetric flask, and chloroform was 
added to the mark. This represented a concen- 
tration of 176 mg. of menthol per ml. of solution. 
One milliliter of this solution was used for preparing 
the xanthate derivative. Since the total volume 
obtained in the formation of the xanthate was 
1.5 ml., a dilution factor of 3:2 was involved in all 
calculations. Thus, after xanthate formation, the 
concentration of menthol was ’/j X 175 mg. or 
llfi.G mg./ml. Furthermore, since X aliquots of 
the xanthate were used for chromatograming, a 
further dilution factor was necessary. A 1-X 
aliquot contained 0.117 mg. of menthol. Con- 

Table I. — Analysis of Menthol Samples 

Menthol 

Concentration, 




•' m K ./ ml . ‘ 

Recoveo'i 

No. 

Type Sample 

Taken® 

Foundi 

% 

1 

Menthol 

160 

159 

99 37 

2 

Menthol 

ISO 

ISO 

100.00 




179 

99.44 

3 

Menthol 

250 

248 

99.20 

4 

Menthol and 

150 

154 

102,66 


camphor 




5 

Menthol and 

300 

307 

102 33 


thvmol 


295 

9S,33 

0 

Jlenthol, thvmol. 

150 

147 

9S.00 


and camphor 




7 

Menthol, thvmol. 

550 

547 

99.45 


and camphor 





Concentration of original «nkno\Yn solution 
6 AvcraRC of three determinations. 


centrations of menthol from 0.040 mg. to 0.933 mg, 
were chromatogramed by varying the concentra- 
tions of the original menthol solutions and varjdng 
the size of the X aliquots, A standard curve was 
constructed by plotting scale readings versus 
menthol concentration. The concentration range 
of 0.120 mg. to 0.700 mg. was found to obey Beer’s 
law. 

Application of Method. — Menthol samples were 
prepared for use as unknowns and were anah'zcd 
by the proposed procedure. Menthol concentra- 
tions were also determined in the presence of 
thvmol and camphor. The data are reported in 
Table I. 

EXPERIMENTAL VARIABLES 

R/ Values. — For the toluene:w-propanoI develop- 
ing solvent, the /?/ for menthol as the xanthate was 
0.97. The R/ for thymol was found to be 0.02, 
and for camphor 0.70. Pure samples of thymol 
and camphor were ciiromatograrncd without pre- 
treatment (as in xanthate formation of the menthol) 
to establish R/ values. Thymol and camphor were 
also chromatogramed with pretreatment as in 
xanthate formation. The R/ values were identical. 
Thymol was located by dipping the developed 
chromatogram in half-strength iodine and potassium 
iodide test solution (U.S.P. XV). A brown spot 
appeared in about twenty minutes. Camphor was 
located by dipping t!ie developed chromatogram 
in a 0.4% solution of 2,4-dinitrophenylhydrazine in 
1.5 iV hydrochloric acid, followed by dipping in a 
10% aqueous solution of sodium hydro.vide. A 
red-brown color developed in a few minutes. This 
identification procedure was a modification of the 
method used by Rice, Keller, and Kirchner (S). 
Separation of menthol from thymol and camplior 
was readily effected. 

Developing Solvent. — ^After considerable experi- 
mentation, tlie toluene: K-propanol (1:1) develop- 
ing solvent was found to be satisfactorj-. Otlier 
solvents which were e.xamincd included ether, 
acetic acid, chloroform, ti-butanol, isoamyl alcohol, 
carbon tetrachloride, n-hexanol, dioxanc, o-xy!enc, 
morpholine, benzene, water, and combinations of 
these. 

Development Time.— Optimum development time 
for chromatograming was found to be tivo hours. 
For shorter periods of time, the separation of 
constituents was poor. Prolonged time (over 
three hours) gave erratic results. 

Color Development. — The length of time for 
optimum color development of the xanthate with 
the color reagent was two hours. Since tlic color 
reagent is extremely sensitive to menthol, it was 
necessary to prepare the color reagent in a room 
separate from the one used for prcp.aration of 
samples. Fresh color reagent was prepared daily. 

Temperature.— For all determinations, the tem- 
perature during chronutogniming did not vary 
more than 5 . It was found that temperatures 
above 30° produced erratic results. 

Crifical Volume.—CIayton (9) has recommended 
tlmt the amount of developing solvent used for a 
specific size chamber should be reported in all 
chromatographic work. In this study, it was 
found that 40 ml. of developing solvent was opti- 
mum for the 12 x 24 inch chamber. 
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Number of Papers in Chamber. — The simul- 
taneous chromatograming of more than six papers 
in this chamber produced erratic results. 

Water Vapor. — Tlie presence of water vapor in 
the chamber resulted in a spreading of the xanthate 
of menthol along the entire length of the chromato- 
gram. Therefore, Drierite was placed in the 
chamber during the satuiation period and during 
chromatograming. 

Spot Placement. — The positioning of the spot on 
the chromatographic paper is critical. If it was 
placed too close to the end of the paper, there was 
some loss of the spot producing low values. If the 
spot covered too large an area, low results were 
obtained. 

DISCUSSION 

Menthol is commonly used in pharmacj' and 
medicine in combination with thymol and camphor 
as well as in the form of peppermint oil. An assay 
is officially recognized in the U.S.P. XV for the 
determination of total menthol in peppermint oil. 
There is no suitable method for estimating menthol 
in combination with thymol and camphor. 

Paper ehromatography was investigated as an 
analytical method because of its ease and simplicity. 
The equipment necessary is relatively inexpensive 
and the reagents are common laboratory chemicals. 
In the first phase of the proposed method, menthol 
is isolated from other constituents by an ascending 
paper chromatographic separation. 

In the second phase of the method the chromato- 
gramed sample is treated with />-dimethylamino- 
benzaldehyde test solution. The intensity of the 
red color which develops is dependent upon the 
menthol concentration. The light transmittance 
is measured with a Klett-Summerson colorimeter. 
The menthol concentration is determined from a 
standard curve. 

AVhile the basic chromatographic procedure is 
relatively simple, caution must be used to eliminate 
as many variables as possible. Complete saturation 
of the chamber is necessary for consistent results. 
One of the greatest difficulties is the variation in 
results due to high temperatures. For accurate 
application of a definite quantity of sample ultra- 


micro pipets must be used. It is especially im- 
portant to remove excess sample from the outside 
of the pipet before applying the sample to the 
chromatogram. 

It is important that the developing solvent be 
completely removed from the developed chromato- 
gram before reacting the xanthate with the color 
reagent. The developing solvent reacts with the 
color reagent to produce high results. The use of 
ground-glass stoppered cylinders during the color 
development is necessary to prevent volatization of 
the reagents. 

The xanthate derivative has the advantage of 
reducing the volatility of menthol during chromato- 
graming yet permits the development of a color 
reaction with the /)-dimethylaminobenzaldehyde 
test solution. The red color which develops is 
used for the colorimetric determination of menthol 
concentration. The green filter No. 54 was em- 
plo 5 ’ed in the Klett-Summerson colorimeter after 
experimentation showed that the maximum ab- 
sorption occurred in the 500 to 570 m/r range. 

The procedure is applicable to all concentrations 
of menthol. When the menthol concentration is 
above 50%, it is recommended that the sample 
be diluted prior to xanthate formation in order that 
the ehroraatogramed sample fall within the range 
of the standard curve. 

The results of this investigation suggest a simple 
procedure for the determination of menthol, free 
and in the presence of thymol and camphor. Work 
is in progress to apply the method to the analj’sis 
of peppermint oil. 
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Neurotoxicity of Hydrogen Cyanide* 

By SEYMOUR LEVINE and BENJAMIN WEINSTEIN 


Instead of exposing animals to a constant 
concentration of hydrogen cyanide, the con- 
centration was deliberately varied according 
to the condition of the animals so as to pro- 
duce a steady sublethal degree of intoxication. 
Only in this way was it possible to produce 
brain lesions in a regular and reproducible 
manner. 

' I 'he histopathologic lesions induced in ex- 
perimental animals by toxic vapors are impor- 
tant in localizing susceptible tissues or cells and in 

* Received September 11, 1958 from the Pathology Labo- 
ratory, St. Francis Hospital, Jersey City 2, N. J. 

This investigation was supported wholly by Grant 184 
from the National Multiple Sclerosis Society. 


determining the mechanism of toxic action. The 
purpose of this investigation was to devise a tech- 
nique for administration of hydrogen cyanide 
that would produce lesions in simple, rapid, and 
reproducible fashion. The problem was ap- 
proached by exposing rats to constant or variable 
concentrations of hydrogen cyanide for various 
periods of time under continuous observation and 
sacrificing the animals, after an interval, for his- 
topathologic study. The technique which has 
been developed may be applicable to the study of 
other noxious vapors. 
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EXPERIMENTAL 

Apparatus. — Groups of rats were exposed in a 20- 
liter jar The hydrogen cyanide was generated by 
bubbling air through a solution of 1 to 5% potassium 
cyanide contained in a gas washing bottle with 
fritted glass disk. The hydrogen cj'anide vapor was 
mixed with plain air in the desired proportions. 

Single rats were exposed individually in 1-quart 
wide-mouth jars or fishbowls closed by two-hole 
number 14 rubber stoppers. Each stopper was fitted 
with an inflow Y-tube which combined the hydrogen 
cyanide vapor with plain air, and a straight tube for 
outflow (Fig. 1). Six such units were operated simul- 
taneously with a single flowmeter and a single pump 
whose outflow was split into 6 parts by a glass mani- 
fold (Carrel-Dakin connecting tube). In order to 
permit separate control of the cyanide concentration 
in each unit, the air coming from each manifold port 
was further subdivided by a Y-tube. One arm of 
each Y conducted plain air directlj' to the corre- 
sponding jar, while the other arm led to the jar by way 
of a small individual fritted glass bubbler in a side- 
arm test tube containing potassium cyanide. Needle 
valve (or screw clamp) B controlled tlie proportion 
of flow in each arm, and hence the concentration of 
hydrogen cyanide in the jar. 



Fig. 1. — Diagram of one of the six units of the vapor 
exposure apparatus. 


The six screw clamps A attached to the orifices of 
the manifold were essential for maintaining constant 
total flow at predetermined levels through each unit. 
They were partly closed so as to offer higher air re- 
sistance than the bubblers. Thus they assured a 
constant and equal flow through each chamber de- 
spite changes in resistance distally caused by opening 
and closing needle valves E during the e.\'posure. In 
the absence of this arrangement the air flow from the 
pump would follow the path of least resistance 
through any of the valves B that happened to be 
open, rather than go through the bubblers with their 
inherent resistance Before exposures, the flow- 
meter was temporarily removed from the pump and 
used to measure the outflow from each unit which 
was equalized by slight adjustments of screw clamps 
A 

Exposure to Constant Concentrations.— Adult 
albino rats Ktposed to hydrogen cyanide vapor of 
constant concentration became active after a few mo- 
ments w’ith increasingly violent running, jumping, 
and ^digging motions. Then there were ht^perpnea, 
partial loss of postural tonus, convulsive twitches of 


e.xtremities or tail, and occasional ineffectual running 
or jumpingmotions. Thehx-perpnea subsided as the 
rat lost its postural tonus completely and sank to the 
bottom of the jar. Slight movements brought on by 
tilting the jar soon disappeared, followed by loss of 
the ear twitch response to a brisk tap on the jar. 
Then there was progressive diminution in respira- 
torj" rate and depth until death occurred. No histo- 
paAologic lesions were detected in animals that died 
in this manner. presumabl 3 ' because there was insuffi- 
cient time for histologic changes to develop. 

In order to have a survnval time sufficient to allow 
the dex’elopment of lesions, lower but constant con- 
centrations were used. If the concentration was 
sufficientli' low, consciousness was never lost, but 
again, no lesions were produced even after e.xposures 
of man}' hours. 

At intermediate concentration levels, conscious- 
ness was maintained for a while, sometimes for an 
hour, followed by sudden unconsciousness and death. 
This observation made it clear that a constant con- 
centration of hydrogen cyanide did not mean con- 
stant e.vperimental conditions, since the animal itself 
changed during such an exposure. Therefore, fur- 
ther attempts to produce lesions were based on keep- 
ing the rat at a constant physiological letml by vary- 
ing the cyanide concentration as needed. 

Exposure of Groups to Varying Concentrations. — 
A group of eight female 250-Gm. rats received a sin- 
gle exposure of five to fifteen hours duration. The 
inflow of cyanide was reduced when many of the rats 
became unconscious and it was increased when some 
of them revived. Marked individual variation was 
noted so, that at any given moment, some rats were 
in terminal condition while others were conscious and 
capable of walking. Two rats died during tlie ex- 
posure. Of the six survivors sacrificed after forty- 
eight hours, 2 had brain lesions. 

Ten male rats were subjected to 1 to 6 repeated ex- 
posures of five to nine hours each and 4 developed 
brain lesions. Five female rats were subjected to 3 
to 9 similar prolonged exposures and 4 of this group 
developed brain lesions. In both these groups, some 
of the negative results were in animals who had re- 
ceived the maximum number of exposures. 

The improved results, as compared to e.xperiments 
with constant concentrations, were attributed to the 
nearly lethal intoxication maintained for a suffi- 
ciently prolonged time. However, it was inconven- 
ient to conduct prolonged, multiple exposures, and 
there was great individual variation in susceptibility. 

Exposure of Individual Rats to Varying Concen- 
trations. — Female 250-Gm rats were exposed in 
individual jars, and si.x units were manipulated 
simultaneously. The rats were kept unconscious 
but when there was twitching, hyperpnea, or re- 
sponse to tilting the jar, the cyanide was increased 
VTien tapping the jar no longer elicited an ear twitch 
and when there u-as respirator}' depression, the cy- 
anide was decreased or discontinued. Individual 
variations were no longer a problem as each rat was 
exposed separately. A fairly even plane of sublethal 
intoxication was maintained for twenty to forty-five 
minutes. Longer exposures caused great mortality. 
Shorter e-xposures were sometimes ineffective in pro- 
ducing lesions. In 8 experiments involving 48 rats 
e,xposed under the optimum conditions described, 15 
died during e.\-posure and all 33 of the survivors had 
brain lesions. 
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In other experiments a somewhat milder but more 
prolonged and repeated intoxication was produced. 
Six rats were kept unconscious but with persistent 
muscular twitches, intermittent hyperpnea, and par- 
tial arousals for periods of two hours, repeated from 4 
to 6 times. Only one rat showed a brain lesion, and 
this was slight. 

These results indicated that a single, relatively 
brief exposure to hydrogen cyanide caused brain 
lesions in very high incidence, but only if the intoxi- 
cation ivas maintained at a nearly lethal stage. The 
superiority of individual over group exposures, de- 
spite greatly shortened exposure time, was attributed 
to the maintenance of a constant degree of sublethal 
intoxication. 

DISCUSSION 

The optimum conditions for producing brain le- 
sions with hydrogen cyanide were not provided by 
the administration of constant concentration of va- 
por. It was found necessary to induce a nearly le- 
thal degree of intoxication, maintain that state for 
twenty minutes or wore, and then permit the animal 
to survive long enough for lesions to develop. This 
could be accomplished only by varying the concen- 
tration of vapor in accordance witli the condition of 
the animal as ascertained by constant inspection. 
Group exposures were unsuitable for this delicate 


control because of individual variations. Individual 
exposure in small separate jars provided a technique 
for producing brain lesions in high incidence (the 
liistopathology, distribution, and pathogenesis of the 
lesions are discussed in another publication (1)). 

These considerations may be applicable to noxious 
gases and vapors other than hydrogen cyanide. It 
is apparent that the absence of histopathologic le- 
sions following a gas or vapor exposure may have lit- 
tle meaning unless the exposure was conducted under 
optimum conditions for the production of lesions. 

SUMMARY 

A technique for hydrogen cyanide administra- 
tion has been described which induced a high in- 
cidence of brain lesions in rats. The rats were ex- 
posed in individual jars and maintained in a 
nearly lethal degree of intoxication by varying the 
concentration according to the condition of the 
animals. A simple apparatus for simultaneous 
operation of six individually controlled units with 
a single pump and flowmeter has been described. 
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A Comprehensive Pharmaceutical Stability 
Testing Laboratory I* 

Physical Layout of Laboratory and Facilities Available For 

Stability Testing 

By LEON LACHMAN and JACK COOPER 


This report illustrates the physical layout as well as the fixed equipment in a well 
organized stability laboratory in the pharmaceutical industry. It discusses the appli- 
cation of the equipment for testing pharmaceutical formulations as to their stability 
under varying conditions of temperature, humidity, and light intensity. Constant 
temperature equipment described consist of specially designed walk-in rooms as 
well as smaller size cabinets providing for a range of temperatures from —20 to 100°. 
In order to study the effect of varying humidity conditions on pharmaceutical prod- 
ucts, constant humidity cabinets of a new design are illustrated and their operation 
discussed. These cabinets provide for a range of humidities from 30% relative 
humidity to 90% relative humidity. The influence of light on the stability of phar- 
maceuticals is discussed, and a specially fabricated light stability cabinet is described 
which simulates ordinary lighting found in the home, on a pharmacy’s shelves, or in 
storage areas, but under exaggerated light intensity. 


A LTHOUGH it has long been recognized by 
reliable pharmaceutical manufacturers that 
the potency of a drug is most important at the 
time it is administered to the patient, the ex- 
haustive testing of new pharmaceutical prepara- 
tions for physical and chemical stability is a 

* Received April 26, 1958, from the Research Department, 
CIBA Pharmaceutical Products, Inc., Summit, N. J. 

Presented to the Scientific Section, A. Ph. A., Los Angeles 
meeting, April, 1958. 


procedure of relatively recent origin. Even 
today, not all pharmaceutical manufacturers 
perform extensive stability tests on new formula- 
tions. This may be due to the lack of trained 
personnel to plan and interpret the data resulting 
from sueh studies or to the absence of the es- 
sential equipment and comprehensive program 
needed to obtain pertinent and accurate stability 
data. 
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Pharmaceutical manufacturers are becoming 
increasingly conscious of the absolute necessity 
of organizing a comprehensi%'e stability testing 
program which provides adequate facilities for a 
skilled staff. In addition to the economic haz- 
ards involved in the introduction of an unstable 
product, the effects on the general scientific 
reputation of a manufacturer may be disastrous. 
With increasing competition in the pharma- 
ceutical field, it is of considerable advantage for 
a new product to appear on the market as soon 
as possible after its formulation. However, in 
order to accomplish this, the manufacturer must 
first submit a New Drug Application to the Food 
and Drug Administration which, on the basis of 
adequate and accurate stability data, demon- 
strates the maintenance of labeled potency for a 
reasonable period of time. 

The classical method usually emploj'ed to 
determine the stability of a new product is to 
expose the product to ordinary storage conditions 
(room temperature! for the period of time that 
the product would generally be stored in the 
normal market, e, g., anywhere from two to five 
years for most pharmaceuticals. An obvious 
disadvantage of such a procedure is the loss of 
time before marketing as well as the possible 
loss of market priority on a competitive product. 
Furthermore, if the preparation studied by this 
method appears to be unstable, there is no as- 
surance without a similar time-consuming study 
that a modified product would not also be 
unstable. 

In recent years, however, accelerated studies 
of stabilitj'- have been employed as guides for the 
estimation of shelf life at ordinary shelf tem- 
peratures. Blythe (1) in 1954 made a sun’^ey 
of the stabilit}’- testing programs of 40 phar- 
maceutical companies. He found that the greater 
number of companies use exaggerated condi- 
tions of temperature, humidit}-, and light to 
test the stabilit)' of new formulations. How- 
ever, from the results presented in his report, 
it is clearly evident that the correlations between 
accelerated data to shelf storage conditions 
varied considerably due to different interpreta- 
tions by manufacturers. This maj- be due to the 
fact that the correlations were intuitive, based on 
insufficient number of elevated storage conditions, 
or on empirical relations found in supposedly 
similar preparations. 

Predictions of shelf life from accelerated stabil- 
ity studies can, however, be placed on a quantita- 
tive basis by the application of certain funda- 
mental physicochemical principles. Studies of 
this type have recently been reported on in the 


literature (2-4), and they indicate that the shelf 
stability of products can be predicted within 
a relatively short period of time through the 
use of chemical kinetics. This method is ap- 
plicable to simple pharmaceutical formulations 
as well as to more complex formulations contain- 
ing several active ingredients, colorants, ex- 
cipients, and the like. 

It is the purpose of this report to present the 
design and facilities for the comprehensive sta- 
bility testing program currently in use at Ciba 
Pharmaceutical Products, Inc. The physical 
plant and equipment for the Stability Laboratory 
used to test new formulations under e.xaggerated 
and ordinary' storage conditions will be described. 
Through the use of this equipment and the ap- 
plication of certain phy'sicochemical laws to the 
data obtained at the various storage conditions, 
it has been found that the shelf stability of new 
formulations can be predicted in a relatively 
short period of time and with a fair degree of 
accuracy. 

PHYSICAL LAYOUT AND EQUIPMENT FOR 
THE STABILITY LABORATORY 

The equipment for this laboratory has been chosen 
to allow for as diverse and varied conditions of test- 
ing pharmaceutical formulations as is feasible and 
necessary. With this equipment, stability tests for 
various formulations can readily be carried out under 
exaggerated conditions of temperature, humidity, 
and light intensity. 

The range of temperature made available by the 
aboi’e equipment permits the testing of samples at 
temperatures ranging from —20 to 100°. There are 
three walk-in rooms set at 6°, 40°, and 50°. four Inb- 
oratorj- size ovens set at any-where from 00 to 100°, 
and one deep freeze cabinet set at —20°. 

For testing formulations under varying conditions 
of humidity, seven cabinets are ai'ailable, each one 
set at a different relative humidity. The range of 
humidities covered by these cabinets runs from 30*^ 
relative humidity to 909c relative humidity in in- 
crements of 10% relative humidity at 25°. How- 
ever, although these cabinets are set at 25°, they can 
be changed to different temperatures and different 
relative humidities. 

In order to detennine the stability of formulations 
with respect to light, a special cabinet has been fab- 
ricated according to our specifications. This cab- 
inet simulates ordinary lighting found on a phar- 
macy’s shelves, in the home, or in various other stor- 
age areas for pharmaceuticals, but under accelerated 
light intensity. 

This report will contain only a description of the 
fixed equipment for the stability laboratory. An 
overall drawing of the equipment and layout of the 
laboratory is presented in Fig. 1. 

In order to present a clearer picture of the various 
pieces of equipment in this laboratory, it seems ad- 
visable to break down the equipment as follows, and 
discuss each piece of equipment ingreaterdetail under 
tlicse classifications: constant temperature equip- 
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Fig 1. — An over-all drawing of the equipment and layout for the stability laboratory. 


ment, constant humidity equipment, light stability 
cabinet, and humidity and temperature sensing ele- 
ments and recorders 

Constant Temperature Equipment. — There are 
three Electric Hotpack walk-in constant tempera- 
ture rooms in the laboratory set at 6, 40, and 50® 
A description of these rooms is presented in Fig 2. 
The rooms illustrated in this figure have been manu- 
factured according to our specifications and they 
have been designed to appear as one unit along one of 
the walls of the stability laboratory. These rooms 
are constructed of heavy 16 gauge aluminum 
throughout, and insulated with .3 inch precompressed 
glass wool Glass wool was chosen as the insulating 
medium since it has low thermal activity and be- 
cause it is nonhygroscopic, fireproof, and unharmed 
by corrosive fumes 

The interior dimensions of these rooms are 6 feet 
wide by 8 feet deep by 7 feet high. There are si.\ 
tiers of 10-inch wide shelving on three sides of the 
room for storage of samples. These shelves are ad- 
justable on 2-inch centers, and any or all of them can 
be removed if desired. 

For the rooms to be kept at 40° and 50°, scien- 
tifically designed heaters and air circulation maintain 
a constant temperature, controlled by an adjustable 
mercury thermostat with one change of air every 10 
minutes. The heaters consist of nichrome coils run- 
ning through porcelain refractories, scientifically 
distributed in louvered baffles, and mounted on the 
three sides of the room near the floor. The air is 
drawn into the chamber through two ports located at 
the lower front section of the chamber. The air then 
passes over the heater banks, is heated, and rises up 
through the louvers and into the work chamber of 



Fig. 2. — A description of the walk-in constant tem- 
perature rooms maintained at 6, 40, and 50° ± 1.5 . 


the unit. After transmitting its heat to the work 
load, the air then passes into the ventilating duct lo- 
cated in the ceiling of the room. At the front of the 
ventilating duct is a 6-inch exhaust fan that expels 
the used air outside the room. The thermostat is of 
the sealed adjustable mercury type. It is situated 
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on the rear wall of the room in such a position as to 
reflect accurately the control temperature fluctua- 
tions within the room The accuracy of the thermo- 
stat is protected against external vibrations by a 
sealed mercury relay that prevents arcing in the 
thermostat operation 

As a safety control for temperature override, an 
adjustable, independent overtemperature thermal 
switch is built into the room to prevent the tempera- 
ture of the room from exceeding the control tempera- 
ture. It operates an alarm buzzer located on the 
front panel and the power supply to the heaters 
This control can be independently set to operate 
from 3 to 20° above the control thermostat, and will 
automatically take over the control of the heaters at 
this higher temperature as well as automatically 
turn on the alarm buzzer. 

For the room to be kept at 6°, there is present a re- 
frigeration system in addition to the heating units 
In this room the heated and cooled air is apportioned, 
resulting in a rapid, yet close control of the condition- 
ing medium Two separate ducts convey the heated 
and cooled air to a centrifugal circulating blower. 
These ducts are opened and closed by automatic 
dampers which insure the correct quantity and cor- 
rect proportions of conditioned air. The streams of 
air coming from these two ducts are blended by the 
circulation blower, and then passed through a duct 
to the diffusers in the ceiling of the room where the 
conditioned air is distributed uniformly throughout 
the interior of the chamber. 

The temperature of the three rooms is adjusted so 
that there is only ± 0.5° differential at the thermo- 
stat and ±1.5° between widely located points on the 
top and bottom shelves. 

A room adjacent to the stability laboratory is 
employed for room temperature (ambient) storage. 
This room has shelvnng along three of its walls to ac- 
commodate samples being stored under ambient 
coaditions. 

Since samples stored at temperatures of 00° and 
above will generally be kept at these temperatures 
for shorter periods of time than at the lower tem- 
peratures, and since not all preparations whicli are 
stored at the lower temperatures will also be stored 
at temperatures of 60° and above, it was felt that 
walk-in rooms were not required for these higher 
temperature conditions. Instead regular laboratory 
size ovens appear to be of adequate capacity for 
these higher temperature conditions of testing. 

In order to accomplish this, four Theleo convec- 
tion ovens were installed in the stability laboratory 
for storing of samples at temperatures of 60° and 
above. These ovens were placed into an angle frame 
so that they appear as one unit and arc shown in Fig. 
3 These ovens set at temperatures above 60° can 
also be of use in accelerated short-term studies which 
precede the comprehensive stability study in order 
to screen possible formulations for the one of ina\i- 
imim stability 

These ovens have a thermostat sensitivity of 
±0.25° and a temperature uniformity of ±1,1° A 
balanced Vio hp turboblower with a system of 
baffles provides a smooth flow of air constantly cir- 
culated, e.xhibiting predetermined air flow patterns 
which result in a more even distribution of lieatcd air 
over the entire norking area. 

The ovens are constnteted of an aluminum interior 
and an enameled exterior All sides of the oven are 



Fig 3. — Four laboratorx’ size ovens placed into 
an angle frame and set at temperatures of 60° 
and higher ±11°. 


insulated with glass wool for better insulating quali- 
ties The internal dimensions of the chamber are IS 
inches wide by 14 inches deep by 19 inches high. 
Two adjustable shelves are supplied for each cabinet. 

For samples stored at —20°, a Kelvinator deep 
freeze is employed. Its dimensions are 26 inches 
high by 34 inches long by 20 inches wide. 

With the following constant temperature equip- 
ment just described, it is possible to test new formu- 
lations within a temperature range from —20 to 
100°. From results obtained under accelerated 
temperature storage, one is able to predict the sta- 
bility of new pharmaceuticals at ordinarj- shelf 
temperature by considering the temperature de- 
pendency of the reaction. The most satisfactory 
method for expressing tlie influence of temperature 
on the stability of an active constituent is the quan- 
titative method of Arrhenius. 

Constant Humidity Equipment. — In order to 
study the effect of vaiying conditions of humidity 
on certain pharmaceutical formulations undergoing 
stability testing, a .si.x cabinet humidity installation 
has been fabricated for the stability laboratory by 
the Electric Hotpack Company. However, at the 
present time only four of the six cabinets are in- 
stalled, but the framework for the additional two 
c.abinets is included so that at a later date the ad- 
ditional two cabinets can be readily added. The 
overall assembly of the cabinets is presented in 
Fig. 4. 

The relath-e humidities to be maintained by the 
four cabinets at 25° ±0.5° are 30, 60, 70, and 90% 
relative humidity ±3%. 

All of the cabinets are constructed of stainless steel 
and so fabricated as to be watertight. The internal 
dimensions of each chamber are I9V* inches wide by 
18 inches deep by 20 inches high. 
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Fig 4 — A six cabinet constant humidity instal- 
lation with four cabinets set at 30, CO, 70, and 90% 
±3% relative humidity 


For the cabinets set at 60, 70, and 90% relative 
humidity, coolant coils, humidity nozzles, and tem- 
perature controls are required The water for the 
coolant coils comes from an insulated and accurately 
controlled refrigerated water bath mounted on top of 
the frame housing the humidity cabinets A motor 
driven stirrei agitates the water for precise tempera- 
ture uniformity A built-in electric pump is pro- 
vided for circulating the coolant water to each 
chamber The heaters in each chamber are con- 
trolled by an accurate hydraulic type thermostat. 
The on-off control of the heaters counteracting the 
constant coolant supply aie intended to provide ex- 
tremely close temperature control The air in the 
cabinets is circulated from the front to the rear and 
then passes over heaters and cooling coils located be- 
hind the rear and side wall baffles After condition- 
ing, the air is expelled for recirculation again Water 
is passed into the cabinets through humidifier nozzles 
in order to obtain the desired relative humidity. 

For the cabinet set at 30% relative humidity, a 
dehumidifier is used in place of the humidifier nozzle, 
to cause the low relative humidity. This dehumidi- 
fier consists of a Dryomatic air dryer mounted on top 
of the angle frame containing the humiditj' cabinets. 
The Dryomatic unit is complete!}' self-contained and 
never needs replacement of desiccant material. 
Otherwise, the rest of the installation is similar to 
that of the other three cabinets 

The heater controls for each cabinet are mounted 
in a recessed panel at the front of each cabinet, while 
the humidity is controlled by a Humidistat mounted 
in the chamber. 

The services, the dehumidifier, and the refrigerated 
water bath are located on top of the angle frame con- 
taining the humidity cabinets and have been paneled 
off so that they are not visible. 

In addition to the above humidit}' cabinets, a floor 


model Bowser humidity cabinet set at 80% relative 
humidity is available in the stability laboratory. 
This cabinet is an individual piece of equipment re- 
quiring its oivn services, water supply for the hu- 
midity tank, heater controls, and refrigeration Its 
internal dimensions are 36 inches wide by 20 inches 
deep by 43 inches high. An overall view of this unit 
is presented in Fig 5 Since this unit can be readily 
purchased and due to the fact there is sufficient man- 
ufacturer’s literature available as to the temperature 
and humidity controls used in this unit, a discussion 
of same will therefore, be omitted. 



Fig. 5 — A floor model humidity cabinet set at 80% 
±3% relative humidity. 


Light Stability Cabinet. — In order to determine 
the most suitable lighting system for use in observing 
the effect of light on a pharmaceutical formulation, a 
thorough investigation of the different equipment 
and techniques utilized for studies performed under 
accelerated light conditions was made. A few of the 
sources of light commonh' employed to determine the 
stability of a product to light are direct sunlight, dif- 
fused light, sunlamps and other types of ultraviolet 
lamps, a fadeometer, and other light sources Since 
sun intensity varies from season to season and day to 
day, and since tests are usually conducted for uni- 
form periods of time, it is difficult to quantitate the 
degtee of exaggeration represented by sunlight. 
Arnj', cl al (5), in studying the stability of various 
chemicals felt that spring and fall sun, which would 
represent approximately' the average for the year, 
represented 10 to 12 times the effect of north light. 
Furthermore, since as the intensity of the sunlight 
increases, the heat absorbed by the pioduct in- 
creases, there may very' well be a potentiation of the 
degradation due to heat besides that caused by' the 
sunlight In addition, since products are usually' 
stored in a pharmacy', in a storage warehouse, or in 
the home, the amount of ultraviolet ray's entering 
from the sunlight coming through the glass store 
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Fig. 6. — A comprehensive description of the lighting cabinet used for e.vaggeratcd light stability testing 
with its lighting equipment and specifications. 


front or window panes of a home or a wareliouse is 
less than 6%. Therefore, the sun ultraviolet rays 
would seemingly contribute verj' little, while light 
intensity should contribute significantly when study- 
ing the stability of pharmaceutical formulations with 
respect to light. 

With the above in mind, a cabinet was designed to 
our specifications which contains a lighting system 
intended to simulate ordinary lighting found on a 
pharmacy’s shelves, in the home, or in various other 
storage areas for pharmaceuticals, but under ac- 
celerated light intensity, c. g., 20 fold. The informa- 
tion obtained by exposing pharmaceutical formula- 
tions to this sort of accelerated lighting conditions 
should be e.xtrcmely useful for predicting the sta- 
bility of a formulation on a more quantitative basis 
when exposed to ordinary light conditions for an ex- 
tended period of time. A later report will contain 
experimental data on the usefulness of this cabinet, 
but for the present only a detailed description of the 
cabinet will be given. 

A comprehensive description of the lighting ctib- 
inct with its lighting equipment and specifications is 
piescnted in Fig, G, and a photograph of the cabinet 
is presented in Fig. 7. It can be seen from Fig. f> 
that the information contained therein is rather de- 
tailed and does not appc.ar to requii e much explana- 
tion. The cabinet has been prepared according to 
the dimensions in Fig. 0 to cut down on light fall-off 
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as much as possible. The walls were painted a flat 
white on the inside for reflectance purposes. The 
Alzac aluminum is utilized behind the lamp tubes 
and on the tray for light reflection purposes. 

The fluorescent tubes used in this cabinet were 
chosen since they give off the least amount of heat 
per foot-candles of light intensity produced. Any 
lieat given off by the fluorescent tubes is removed by 
a blower above the ballasts containing the tubes. 
The temperature of the shelf containing the products 
being tested is essentially ambient temperature, and 
is being constantly recorded through three thermo- 
couple leads at the shelf attached to a Minncapolis- 
Honeywell 16 point Strip Chart Temperature Re- 
corder. 

The light intensity appears to be the essential faetor 
which affects the stability of materials stored under 
ordinary eonditions. The higlier the intensity, the 
greater should be the effect on the material The 
approximate foot-candles of intensity hitting the 
shelf at varying distanees from the source of light 
can readily be calculated. For example, the approx- 
imate foot-candles of intensity available in this eab- 
inet at a distanee of three feet from the bottom can 
be calculated in the following manner: 

, , , _ FTC X area 
U. F. X M. F. 

L. L. X U. F.X M. F. 










Fig. 8. — Two Brown Strip Chart Recording 
Electronik Potentiometers used to record tempera- 
ture and humidity in the several stability cabinets 
and rooms. 


3250 lumens X 18 lamps X 0.3 X 0.75 

“ ilTiit 

= 1100 toot-candles 

FTC = 1100 foot-candles 

Since the average level of light intensity in most 
areas where pharmaceuticals arc usually stored is ap- 
proximately 50 foot-candles, the lighting in the cab- 
inet should give essentially a 20-fold increase in light 
intensitj' if the shelf containing the samples under 
study is three feet from the bottom of the cabinet. 

Due the fact that the shelf in this cabinet is ad- 
justable, it can be regulated to any height desired. 
This will enable the cabinet to be adjusted to give 
varying light intensities according to the following 
equation: Light intensity = l/d^, where d = dis- 
tance (feet). 

Humidity and Temperature Sensing Elements 
and Recorders. — It appeared desirous to have a 
constant recording of the temperatures in the various 
cabinets in the stability laboratory as well as the 
humidities in the constant humidity cabinets in 
order to be able to check out the temperatures or 
humidities in case of irregular assay results for sam- 
ples stored in these cabinets. This has been accom- 
plished by installing two Brown Strip Chart Re- 
cording Electronik Potentiometers on a panel as 
shown in Fig. 8. 

The strip chart recorder for the temperatures is a 
16 point recorder and was attached to the various 
cabinets through iron constantan extension wire, 16 
gauge with weatherproof over polyvinyl insulation. 
The tliermocouples employed are manufactured by 


I L. L. = light lumens; FTC = foot-candle, M F. = 
maintenance factor; U. F. = utilization factor = 0 3 of 
level. 


the Minneapolis-Honeywell Regulator Company. 
One thermocouple is inserted into each of the ports of 
the temperature and humidity cabinets, while three 
thermocouples arc attached at different points on the 
shelf of the light stability cabinet. 

The printing record on the temperature chart con- 
sists of a (-f-) and a number. The number and color 
of printing identifies the thermocouple. The chart 
is graduated from 0 to 125° which is the same as the 
scale. 

The strip chart recorder for the humidities is sim- 
ilar to that for the temperatures, but is only of 12 
points. Here humidity sensing elements manu- 
factured by the American Instiument Company are 
employed. These sensing elements are inserted into 
their respective humidity cabinets through ports es- 
peciallji- prepared for them and are attached to the 
recorder with the aid of sensing element extension 
cables. 

The operation of these sensing elements is based on 
the ability of a hygroscopic film to change their elec- 
trical resistance instantly with micro changes in 
moisture content (relative humidity). These ele- 
ments should detect changes as small as 0.15% rela- 
tive humidity and measurements are reported to be 
accurate within ±1.5% relative humidity. 

GENERAl DISCUSSION 

The foregoing presentation was intended to pie- 
sent to the reader an overall picture of the physical 
layout of the Stability Laboratorj' of the Pharmacy 
Research and Development Division of Ciba Phar- 
maceutical Products, Inc., as well as the fixed equip- 
ment to be employed in this laboratory. The opera- 
tion of the various equipment as well as their speci- 
fications were described briefly. 
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It appears that through the use of the facilities 
made available by this laboratory, it will be possible 
to predict the stability of new pharmaceutical formu- 
lations at ordinary shelf storage from accelerated 
testing data with a good degiee of accuracy. This 
will in turn make it possible to market new pharma- 
ceutical preparations with a definite degree of assur- 
ance as to the shelf life of the preparation and within 
as short a time after formulation as possible. This is 
becoming more and more essential due to the fact 
that competition in the pharmaceutical field has sub- 
stantially increased within the past few 3 ’ears, and it 


is, therefore, advantageous for the pharmaceutical 
manufacturer to introduce on the market a new prod- 
uct as soon after formulation as is feasible. 
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A Comprehensive Pharmaceutical Stability 
Testing Laboratory II* 

Record and Control System Employed for the Laboratory 

By LEON LACHMAN and JACK COOPER 


A description of a comprehensive record and control system employed as an integral 
part of the stability laboratory is presented. This is intended to facilitate the record- 
ing of the numerous data that become available from the products undergoing stabil- 
ity testing and to provide an accurate system for sending of samples for analysis at the 
correct time intervals. Stability evaluation cards used to record data of a product 
undergoing stability testing are described. Different color cards are employed for 
different storage conditions. The information preprinted on the cards varies ac- 
cording to the type of dosage form. The labels to be placed on the products being 
stored are shown to be similar in color to that of the stability evaluation cards. The 
captions preprinted on them are discussed. A simple foolproof control method for 
sampling preparations at designated time intervals is demonstrated. Simplified 
analysis report forms to be employed when samples are sept to the other groups for 
testing are illustrated and discussed. In order to have available a graphic picture of 
the progress for the various dosage forms being tested, the use of a visual now chart 

is described. 


Tn the preceding paper of this series (I), 
the phy'sical layout and available equipment 
of a comprehensive pharmaceutical stability 
testing laboratory were described. The variety 
of dosage forms as well as the diverse storage 
conditions to which they are exposed render the 
organization and control of this laboratory a 
complex function. Since time is the key factor 
in utilizing the data obtained from the operation 
of such a laboratory, the system for identification 
of samples, recording of experimental results 
and planning of correct test intenmls is of the 
utmost importance. It is the purpose of this 
report to describe the carefully organized, 
detailed but practical record and control system 
for stability evaluation currently employed in 
our Pliannacy Research and Development Divi- 
sion. In operation for over a year, the value of 
this “bookkeeping" system to the whole stability 
tc.sting program has been clearly demonstrated. 
Essenti ally, this record and control system can 
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be divided into the following five parts: I. 
stability evaluation cards, II. labeling of samples 
under study, III. sample "withdrawal for test" 
file, IV. analysis report forms, and V. visual 
flow chart of studies in progress. 

In order to obtain a clear picture of the func- 
tion of each of the several parts of the record 
and control system, each part will now be de- 
scribed in detail. 

RECORD AND CONTROL SYSTEM 

I. Stability Evaluation Cards. — Since many for- 
mulations would be simultaneously under study, it 
was nccessaiy to devise a recording system for hand- 
ling the considerable volume of data in an orderly 
manner. A standard card 9 inches b\- 12 inches in 
size was found to be large enough to contain the 
required amount of information and yet of a size 
suitable for filing in an office file for legal documents. 
For each environmental condition of sample storage, 
a card of different color is used. Figure 1 represents 
the front of a representative card. 

In examining the card, it can be seen that certain 
information is preprinted. For example, the Roman 
numeral in the right hand corner designates the. 
classification of the formulation. This dislincUon is 
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Fig. 1. — Front of a stability evaluation card. 


based on certain similarities in optimal storage con- 
ditions for each classification and acts as a check on 
the scheduling of appropriate tests. The four classes 
used are; 

A. Liquid Pharmaceutical Preparations (I). 

B. Creams. Ointments, Jellies, and Supposi- 

tories (II). 

C. Tablets, Powders, Capsules (III). 

D. Lyophilized Preparations (IV). 

Each classification is represented by the same color 
card for the same storage condition, but the pre- 
printing of the tests to be performed will vary with 
the cards for each classification. However, even 
within a classification a particular physical or chem- 
ical test may not be applicable and should be 
omitted. Furthermore, there are blank spaces avail- 
able for listing additional or special tests required by 
some formulations. Under various preprinted head- 
ings certain information concerning the active con- 
stituents will be entered prior to tlie actual initiation 
of the study. 

Figure 2 shows the back of the card where pro- 
vision has been made for listing the results of bio- 
logical tests, the exact formula of the preparation 
under study and special comments of value. In 
scheduling a stability study, it is necessary to fill in 
the appropriate information on as many cards as 
there are storage conditions in advance of the actual 
initiation of the tests. These cards are then placed 
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Fig. 2. — Back of a stability evaluation card. 


in a folder which bears the name of the product and 
the folder is placed in the stability file on the day the 
study is officially initiated. As the study progresses, 
the results of the various tests are listed on the cards 
A glance through the folder serves to inform a staff 
member as to the stability status of any product un- 
der study. 

II. Labeling of Samples Under Study. — Since 
the labels on the samples under stability study 
match the color of tlie evaluation cards and the 
storage condition is preprinted in the upper right 
hand comer, good control of sample placement 
is achieved. Should a preparation intended for 
storage under one condition be placed in a cabinet 
maintaining a different condition, the label color 
would pointedly indicate the error. Figure 3 shows 
a representative label. The information on this 
label identifies the product, the classification, the re- 
search pharmacist, the date the study was initiated, 
and the pharmacist’s research book number for the 
preparation. 

III. Sample “Withdrawal for Test” File. — ^To 
avoid failure in withdrawal of samples at the appro- 
priate testing time, a special warning file card system 
was devised. Figure 4 shows a sample 3x5 card 
of this type with its preprinted captions. Each 
drawer of the file cabinet holds the cards for one year 
with furtlier subdivision into months and days. 

When a stability study on a preparation is in- 
itiated, cards are prepared for each time interval of 
testing for the entire length of the study. It can be 
seen from Fig. 4 that the captions on the cards re- 
quire notation of tlie date, the test or tests to be per- 
formed, the pharmacist’s name, the name of the 
preparation, and the pharmacist’s research book 
number of the preparation. 

Once all the cards for the study are prepared, they 
are filed according to j’ear, month, and day in the 
appropriate file on the day the study is officially in- 
itiated. When using this file, the technician pulls all 
the cards for that day and immediately begins to pull 
the required samples in anticipation of the tests to 
be performed on that day. 

rV. Analysis Report Forms. — Since many of tlie 
tests for formulations under stability studj' are per- 
formed by divisions other than Pharmacy Research, 
it is necessary for tliese divisions to report the re- 
sults obtained to the Pharmaej’^ Research and De- 
velopment Division Stability Laboratory as soon 
after their completion as possible. This should be 
done in order to keep the stability evaluation cards 
up to date so that the complete picture of the stabil- 
ity of the formulation is always available. However, 
in order to accomplish this, a good deal of paper work 


DATE 
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III 


NAME OF PREPARATION 


Bland Tablets 


Fig. 3. — A representative label employed m 
the stability laboratory for samples undergoing 
stability testing. 
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DATE Feb. 17. 1958_ PHARM. Jpto . Ijg e 



50* 

6o* 

lOf, H.H. 

Fig. 4. — " Withdrawal for test" file card. 

by the cooperating divisions would be entailed if tliey 
had to write a memorandum each time thes' com- 
pleted their tests on a formulation. 

In order to substantially decrease this paper work 
and to facilitate reporting of data, Analysis Report 
Forms were prepared and a representative sample is 
shown in Fig. 5. 

Before a sample is sent to a cooperating division for 
testing, these forms are filled out in triplicate and 
two forms are sent along with the sample to the divi- 
sion which will perform the tests and one copy is re- 
tained by the stability laboratory. Upon com- 
pletion of the tests, the results are entered on both 
forms, the analyst’s signature is affixed and one of the 
forms is returned to the stabilitj’ laboratory for 
posting of the results on the stability evaluation 
cards. The completed form is filed after first re- 
moving the uncompleted form from the file. With 
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Fig, 5. — A samplc'of a stabilit\\!aboratory analysis 
report fonn. 
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the use of these forms, a running inventory is avail- 
able with regards to analysis results still not com- 
pleted by the cooperating divisions. 

RTiile on the topic of analysis by cooperating divi- 
sions, it appears advisable to mention that for a 
comprehensive stability testing program to be a suc- 
cess, the Pharmacy Research group must work in 
close coopei ation with the Analytical and Biological 
groups in planning the tests for the various prepara- 
tions to be studied. Usually, chemical, physico- 
chemical, and physical assay methods can predict the 
stability of an active ingredient in a formulation. 
However, in certain instances, biological tests are 
more indicative of the stability of a formulation and 
are an important adjunct to a stability program. 

V. Visual Flow Chart of Studies in Progress,— 
This chart is intended to give at a moment’s notice 
the general overall status of a fonnulation under- 
going stability study. The information made avail- 
able by looking at this chart is tlie time interval of 
testing and the dates for the intervals, to what ex- 
tent the study has progressed, whether a new drug 
application has been applied for, whether a new drug 
application has been approved or rejected, and at 
what point of the program the studies were dis- 
continued and for what reason. The flow chart em- 
ployed is manufactured by Broadroaster.' Through 
the use of different color cards which fit onto the 
chart, one is able to obtain a clear cut, graphic pic- 
ture of the overall stability program that is in 
progress. 

GENERAL DISCUSSION 

In the previous portions of this report, the various 
aspects of the record and control system employed 
for the comprehensive stability testing program at 
Ciba Pharmaceutical Products, Inc., were de- 
scribed. It Tvas shown how each part of the system 
contributes to the efficient functioning of the 
stability laboratory. Moreover, e.xperience has 
shown this system to be an essential adjunct in the 
operation of this laboratory. 

Through the use of the stability evaluation cards, 
it is possible to efficiently record all the stability data 
that becomes available for a new dosage form under 
study. By use of chemical kinetic equations and 
the available experimental data, it is possible to pre- 
dict the stability of the product at ordinary shelf 
temperature b\' extiapolating the curve obtained 
from accelerated data. 

Therefore, the overall effect of the equipment and 
the record and control system in the stability lab- 
oratory is to permit the laboratory to function 
efficiently as well as to make possible an orderly ac- 
cumulation of sufficient and pertinent stability 
data. This in turn will permit the prediction of the 
stability of a new pharmaceutical formulation at or- 
dinary shelf storage with a good degree of accuracy 
and in a relatively short period of time. 
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A Folic Acid Method Involving 
Permanganate Oxidation* 

By S. S. SCHIAFFINO, J. M. WEBBf, H. W. LOY, and O. L. KLINE 


A chemical method for the determination of folic acid in pharmaceutical products is 
presented. The method involves digesting the folic acid in a mildly alkaline, 
buffered solution (3% KoHPOd followed by splitting with KMnOj, diazotizing the 
resulting PABA, and coupling with the Bratton-Marshall reagent («- 1 -naphthyl) - 
ethylene-diamine dihydrochloride). In the presence of extraneous colored sub- 
stances, as may be found in some pharmaceutical preparations, the chromogenic com- 
pound is extracted into isobutyl alcohol with no diminution in intensity of color, or 
change in wavelength of maximal absorption (5 50 m;j). Ferrous compounds and 
ascorbic acid do not interfere in the method as they are found to do in the NHiOH di- 
gestion-zinc reduction method. The assay time with the proposed method is less be- 
cause of the shorter time required to cleave folic acid by oxidation. The results are 
reproducible, and good folic acid recoveries are obtained. 


' I *HE PRESENT U. S. P. chemical method (1) 
for determining folic acid is based on the re- 
duction of folic acid with zinc to vield p-amino- 
benzoic acid (PABA) which is diazotized and 
coupled with the Bratton-Marshall reagent (2) 
to produce a pink color which can be measured 
spectrophotometrically. In the application of 
the method to the assay of folic acid alone, or folic 
acid contained in pharmaceutical preparations, 
several difficulties have been reported. Hutch- 
ings, el al. (3), reported that variable results were 
obtained, and stated that the addition of gelatin, 
as a protective colloid during the zinc dust reduc- 
tion, was useful in assuring a quantitative yield 
of the amine. Later, Kaselis, el al. (4), reported 
that this “protective” action varied with the 
quality of gelatin used. They recommended the 
use of zinc amalgam as a reductant, stating that 
it gave more satisfactory results than zinc dust. 
Glazko (5) attempted to use titanous chloride as 
a reducing agent. Aihara and Soto (G) reported 
that ascorbic acid and certain other vitamins 
interfere with the assay. The interference of 
ascorbic acid has been confirmed in this labor- 
atory and, in addition, low results have been ob- 
tained when large amounts of ferrous salts were 
present in the pharmaceutical preparation being 
assayed. 

In an effort to improve this method of assay we 
were attracted to the work of Allfrey, el al. (7), 
who showed that the oxidation of folic acid with 
KMn 04 in an acid medium yields a fiuorescent 
compound useful as a basis for a fluorometric 
determination of the substance. In examining 
this reaction, we learned that permanganate 
oxidation in a buffered, mildly alkaline medium 
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(KoHPOj) split the folic acid to the pteridine and 
aromatic amine moieties in a manner comparable 
to the zinc reduction procedure. Also, it was 
found that digestion of the preparation contain- 
ing folic acid was accomplished better in this 
buffered medium rather than in the NHjOH 
medium prescribed in the present U. S. P. method. 

Another refinement is the extraction of the 
final colored product with isobutyl alcohol in 
those instances where extraneous colored ma- 
terials are present which interfere with the color 
measurement. 

We have found that a method incorporating 
these steps eliminates uncertainties resulting from 
the use of various forms of reductant and saves 
considerable assay time since folic acid is split 
by the permanganate oxidation in a shorter time 
than by the reduction procedures. Further, 
ascorbic acid and ferrous salts do not interfere. 

We present here in detail the method we have 
found satisfactory and the e.xperimental results 
that are the basis for its acceptability. 

METHOD 

Reagents. — Potassium Phosphate Solution (Di- 
basic), 3% — Dissolve 60 Gm. of reagent grade 
anhj'drous K 2 HPO 4 in H-O to make 2,000 ml. 

Potassium Permanganate, 4% — Dissolve 20 Gm. 
of reagent grade KMnOj in H.O to make 500 ml. 

Potassium Permanganate, 0.4% — Dilute 10 ml. of 
the 4% KMnOj solution with H 2 O to make 100 
ml. Prepare fresh solution for each assay. 

Sodium Nitrite, 2% — Dissolve 2 Gm. of reagent 
grade NaN 02 in H 2 O to make 100 ml. 

Hydrochloric Acid, 5 N — Dilute 44.5 ml. of rea- 
gent grade (35-37%) HCl with H-O to make 100 
ml. 

Ammonium Sulfamate, 5% — Dissolve 5 Gin. of 
reagent grade NHjSOs.NH- in H 2 O to make 100 ml. 

N-(1-Naphthyl)-Ethylenediamine Dihydroclilo- 
ride, 0.1% — Dissolve 100 mg. of reagent grade N- 
(l-Naphthyl)-eth 3 denediamine Dihj’drochloride in 


236 



April 1959 


Scientific Edition 


237 


H«0 to make 100 ml. Prepare fresh solution for 
each assay. 

Sodium Chloride — Reagent grade NaCl. 

Isobutyl Alcohol — Grade suitable for spectro- 
photometric and fluorometric use. 

Folic Acid Standard Solutions . — Stock Solution . — 
Weigh accurately, in a closed system, U. S. P. Folic 
Acid Reference Standard, equivalent to 50-60 mg, 
of folic acid, that has been dried to constant weight 
and stored in the dark over P 2 O 5 in a desiccator. 
DissoU’e in about 60 ml. of 0.4% NHjOH solution, 
and dilute with H 2 O to make the folic acid concen- 
tration exactly 500 pg. per ml. Store under toluene 
in the dark at about 10°. 

Standard Solution . — Dilute 2 ml. of the Folic Acid 
Stock Solution with the 3% K 2 HPO< solution to 
make 100 ml. Each ml. contains 10 /ig. of folic acid. 
Designate this as the Standard Solution. Prepare 
fresh Standard Solution for each assay. 

Assay Solution.— Place a measured amount of the 
sample in a flask and add a volume of the 3% 
KaHPOj solution equal in ml. to not less than 10 
times the dry weight of tlie sample in Gm. ; the re- 
sulting solution must contain not more than 0.1 mg. 
of folic acid per ml. If the sample is not readilj' 
soluble, comminute so that it may be evenly dis- 
persed in the liquid. 

Heat the mixture at 50-60° ‘, agitating vigorously, 
and cool to room temperature. Allow any undis- 
solved particles to settle. Filter or centrifuge if 
necessarj'. Dilute an aliquot of the clear solution 
with 3% K2HP0( solution to a final measured vol- 
ume that contains, per ml., about 5 iig. of folic 
acid. Designate this as the Assay Solution. 

Assay Tubes. — To each of six or more tubes or 
reaction vessels, 40-ml. size, add 2.0 ml. of Assay 
Solution. Designate and prepare the tubes as fol- 
lows: Tubes A . — To each of two or more of the 
tubes add 3 ml. of 3% K 2 HPOj solution, and mix. 
Tubes B . — To each of two or more of the tubes 
add 1 ml. of the Standard Solution and 2 ml. of the 
3% K 2 HP 04 solution, and mix. Tubes C . — To 
each of the remaining two or more tubes add 3 ml. 
of the 3% K 2 HPO) solution, and mix. 

To each tube designated A and B add, ivith mix- 
ing, 1 ml. of the 0.4% KMnO( solution and allow 
to stand two to three minutes. (Any appreciable 
change in the characteristic intense purple perman- 
ganate color during the two to three minute oxida- 
tion step denotes an e.xcess of oxidizablc material. 
Increase the quantity of KMn 04 for assay solutions 
containing an excess of oxidizable material, but not 
more than about 1 ml. over that required to com- 
plete oxidation of foreign material.) To each tube 
designated C, add 1 ml. of H20 and mix. (When- 
ever the volume of KAInOj solution is increased, 
add an equivalent volume of H 20 to each tube desig- 
nated C so that all tubes are of the same volume.) 
To each tube designated A, B, and C, add 1 ml. of 
the 2% NaNO. solution; followed by j ml. of the 5 
A' HCl solution, and mix. .Allow to stand two min- 
utes; then to each tube add 1 ml. of the 5% 
NH 4 SO 2 • NH 2 solution, and mix. Swirl tubes vigor- 
ously until e.\ccss NO 2 is expelled (Excess of XO: 
will interfere with color development.) To e,acli 


To nvoid high btant readings, temperature during prep- 
nralion of assay solution must not erceed fiO". At higher 
temperature diarotirablc amines may be formed in the hy- 
drolj'sts of orRanic material. 


tube add 1 ml. of tlie 0.1% A’-(l-naphthyl)-ethyIene- 
diamine dihydrochloride solution, mix, allow to stand 
ten minutes for maximal color development, and 
proceed as directed under (a) or (6). 

(a) For assay solutions that contain no c.xtraneous 
color in an amount that interferes with final colori- 
metric measurements . — Within the next fifteen min- 
utes (but not more than twenty-five minutes after 
addition of jV-(l-naphthyl)-ethylenediamine dihy- 
drochloride, using water as the “blank,” measure 
the absorbance of the solution from each tube as 
directed under Determination. 

(b) Far assay solutions that contain extraneous 
color in an amount that interferes with final color 
measurements.— To each tube add 1 Gm. of XaCl, 
and 10 ml. of isobutyl alcohol, and shake vigorously 
two to three minutes. Centrifuge tubes until 7-9 
ml. of clear supernatant isobutyl alcohol solution 
can be obtained from each. Within twenty-five 
minutes after addition of A'-(l-naphthyl)-cthj’Iene- 
diamine dihydrochloride, using isobutj'l alcohol as 
the “blank,” measure tlie absorbance of the iso- 
butyl alcohol solution from each tube as directed 
under Determination. 

Determination. — Measure the absorbance of the 
solution from each tube under A. B, and C at 550 
mp in a suitable photoelectric colorimeter set at 0 
absorbance with the “blank”. 

Calculation. — Calculate on basis of aliquots taken 
as follows, using the absorbances of .4, B, and C: 
Mg. of folic acid in sample = [(.4 — C)/(5 — 24)] X 
0.005 X dilution factor. 

EXPERIMENTAL 

In order to standardize and test the validity of 
certain critical steps in the metJiod, in some of the 
experiments to be described, values resulting from 
known amounts of folic acid were compared with 
values resulting from equimolar amounts of ^-amino- 
benzoic acid (P.AB.A).- In these instances, the 
folic acid samples in 5-ml. volumes were treated with 
Uie same volumes and concentrations of reagents 
(except where noted) and in the same order as 
described under Method. Similarly, P.AB.A was 
diazotized in a volume (8 ml.) equal to that in which 
the folic acid samples were diazotized. .All spectro- 
photoinetric measurements were made in 10-mI. 
volumes. 

Optimal Conditions for Splitting Folic Acid by 
Permanganate Oxidation.— Solutions containing 10 
and 20 pg. of folic acid were oxidized for three 
minutes with 1 ml. of each of several concentra- 
tions (from 0.2% to 4.0%) of KMnOi. In addition 
one set of aliquots of each concentration of folic acid 
was o.xidizcd with J ml of 0.4% KMnO, for six 
minutes. Duplicate determinations were made in 
all cases. Following destruction of e.\cess KAInOi, 
diazotization of the folic acid split product and 
coupling with tlic Bratton-Marshall reagent, absorb- 
ance values of the solutions were compared with 
tliosc resulting from equimolar amounts of PABA. 
\\4icn 1 ml. of KMnO< in concentrations up to 
0 4% was the o.vidant, even for periods as long as 
six minutes, absorbance readings of the final solu- 
tions did not differ significantly from those given 
bi P.AB.A solutions. With higher concentrations 


>The former U. S. P. Reference Standard for folic acid 
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of KMnO(, however, absorbance readings of the 
treated folic acid solutions were significantly less 
than readings obtained from PABA solutions. 

In order further to test the validity of the oxida- 
tion procedure, using 0.4% KMnOj and an oxidation 
time of three minutes, as previously described, ab- 
sorbance values found were compared with those 
given by the same amounts of folic acid treated 
according to the zinc reduction procedure (I). The 
results, shown in Table I, show no significant differ- 
ences in absorbance values obtained by the two pro- 
cedures. Further, a comparison with absorbance 
values found for equimolar amounts of PABA also 
showed no significant differences and demonstrated 
a quantitative splitting of folic acid to PABA when 
using either method. 

Table I. — Absorbance Readings Resulting from 
Folic Acid Split by Oxidation and Reduction 
Procedures and from Equimolar Amounts of 
PABA 



Absorbance** 

for 10 Oricinal 

Absorbance** 
for Equivalent 


Folic Acid, in 10 ml, of 

Amounts of 


Final Solution 

PABA, 

Sample 

KMnOi 

Zinc 

in lOi ml. of 

No. 

Oxidation 

Reduction 

Final Solution 

1 

0.175 

0.170 

0.175 

2 

0.180 

0.175 

0.171 

3 

0.170 

0.175 

0.170 

4 

0.175 

0.175 

0.180 


^ 1 cm. light path at 550 


Selection of Assay Medium. — In preliminary work 
on the method, experiments were performed to 
find a suitable medium for digestion of pharma- 
ceutical preparations and for solution of the folic 
acid and, at the same time, provide a medium in 
which cleavage of the folic acid with KMnO< could 
take place quantitatively. Solutions of various 
concentrations of NHjOH. NaC-HjOj, NaHCOj, 
and K2HPO4 were tried. It was not possible to 
obtain a quantitative recoverj' of folic acid when the 
oxidation took place in NHjOH. With sodium ace- 
tate, the acetate ion interfered with the diazotiza- 
tion and coupling steps that followed. NaHCOs 
(5%) was satisfactorj' and gave about the same pH 
as a 3% KjHPOj, but the latter was finally selected 
because of its characteristic of precipitating ferrous 
ion. 

Efficiency of Extracting the Chromogenic Com- 
pound with Isobutyl Alcohol. — With some pharma- 
ceutical preparations, extraneous color was present 
in the final solutions which interfered with the color 
measurements. It was found that the chromogenic 
compound could be efficiently separated from foreign 
color by extracting it from a 10-ml. aqueous volume 
in the presence of 1 Gm. of NaCl, with 10 ml. of 
isobutyl alcohol. 

Accordingly, absorbance readings of aqueous solu- 
tions of the colored compound, resulting from 10 
and 20 /ig. of folic acid, were compared with ab- 
sorbance readings, at the same wavelength, ob- 
tained after extraction into isobutyl alcohol. The 
maximum absorbance for both solutions was at 
550 m/j. It can be seen from Table II that the ex- 
traction took place with no diminution in the in- 
tensity of the color. 

Effect of FeSOi and Ascorbic Acid on Folic Acid 
Assay, Using the K-HPO, Digestion-KMnOj Oxida- 


tion Procedure. — Solutions containing known 
amounts of folic acid, and solutions of the same con- 
centration of folic acid to which known amounts of 
FeSOj or ascorbic acid, and FeSO, and ascorbic acid 
were added, were assayed in duplicate as described 
under Method, using a new Folic Acid Reference 
Standard (see Reagents). 

The solutions were as follows; Solution 1 — 1 mg. 
folic acid in 100 ml. 3% K2HPOJ: 2 — 1 mg. folic acid 
in 100 ml. 3% K-HPOi J- 150 mg. ascorbic acid; 
3 — 1 mg. folic acid in 100 ml. 3% K2HP04 -f 250 
mg. FeSOj; and 4 — 1 mg. folic acid in 100 ml. 3% 
K-HPOj -f 250 mg. FeSOi -f- 150 mg. ascorbic 
acid. 

The amounts of FeSO, and ascorbic acid added 
approximated, or were greater than, amounts gen- 
erally encountered in pharmaceutical preparations. 

Comparison of folic acid values found for the four 
solutions showed no significant differences, indicat- 
ing neither FeSO, nor ascorbic acid interfered in the 
assay. 


Table II. — Comparison of Absorbance Values 
OF THE Chromogenic Compound in Aqueous and 
Isobutyl Alcohol Solutions 


Solution 

Absorbance** 
per 10 /Iff. 

Original 

Folic Acid, 
in 10 ml. 
of Solution 

Absorbance** 
per 20 /Iff. 
Original Folic Acid, 
in 10 ml. 
of Solution 

Aqueous 

0.175 

0.350 

(Before 

0.170 

0.360 

extraction) 

Isobutyl 

Alcohol 

0.165 

0.340 

(After 

extrac- 

tion) 

0.170 

0.355 


" 1 cm. light path at 550 m,,. 


In another experiment, to 1-ml. portions of four 
different liver extract preparations, each containing 
5 mg. folic acid per ml. were added, in one instance, 
ascorbic acid and FeSOi, and in another instance, 
ascorbic acid, FeSO,, and an additional 5 mg. of 
folic acid. The solutions were assayed by the zinc 
reduction procedure (1) and by the K2HP04 diges- 
tion-KMnOj oxidation procedure as described under 
Method, using the isobutyl alcohol extractions. 
Duplicate determinations were made in most cases. 

The solutions were as follows: Solution A . — 1 
ml. of the liver extract; B . — 1 ml. of the liver extract 
-f- 200 rag. ascorbic acid and 300 mg. FeSO,; and 
C . — 1 ml. of the liver extract -f 200 mg. ascorbic 
acid, 300 mg. FeSO,, and 5 mg. folic acid. This 
series of solutions tvere examined with each of four 
liver extract samples. Results obtained with the 
two procedures are shown in Table III. 

It can be seen that, using the KMnO) oxidation 
procedure with KoHPO, digestion, values found for 
Solutions B and C for the 4 samples were as expected 
when compared, respectively, with Solution A . Re- 
coveries of added folic acid, calculated from values 
found for Solutions A and C of the samples, ranges 
from 96 to 100%. However, values obtained with 
the zinc reduction procedure with NHiOH digestion 
were always low when ascorbic acid and FeSOj were 
present (Solutions B and C). In some instances ab- 
sorbance readings of the controls were so high (for 
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TABI-E III — COilPARISON OF FOLIC ACID VALUES FOUND BV THE KMnO< OXIDATION AND BY THE ZiNC RE- 
DUCTION Pkocedures, in the Presence and Absence of Ascorbic Acid and FeSOj 









. RXfnOi Oxidation fUsintr K-HPOi Digestion) ■ Zme Reduction 

(Using NHiOH Digestion) — • 

Sample 

Solutions 

Solutions 

Solutions C“ 

Solutions A° 

Solutions 

Solutions 

I 

6 2 

6.1 

11.1 

6 2 

b 


2 

4 8 

4.8 

9.9 

4.9 

b 


3 

6 4 

6.3 

11.1 

6.1 

0 9 

3.4 

4 

4 4 

4 S 

9.2 

4 1 

1 1 

2.7 


“ See test for composition of Solutions * Values found were negative and meaningless, see test 


exanipie with Solutions B and C of Samples 1 and 2) 
that when folic acid values were calculated, they 
were negative and meaningless Folic acid values 
for the unsupplemented Solutions A, as determined 
bj' the two methods studied, compared favorablj-, in- 
dicating that the liver extract solutions contained 
no interfering substances 

Recovery of Folic Acid Added to Pharmaceutical 
Preparations. — ^Ten pharmaceutical preparations 
were assayed for folic acid using the KjHPOi diges- 
tion-KMnOi oxidation procedure as described under 
Method Concurrently, the same preparations to 
which were added known amounts (5 or 10 mg ) of 
folic acid were assayed I'alues for the two sets w'ere 
compared respectix'ely, and recoverj" of folic acid in 
each case ivas calculated. Recoveries ranged from 
94 to 102%, with an average recovery of 98 7% 

Analyses of Pharmaceutical Preparations for Folic 
Acid Content by KMnO« Oxidation and Zinc Re- 
duction Procedures. — In order to compare tlie two 
procedures, several preparations consisting of inject- 
able solutions, capsules, and tablets containing 
FeSOi, liver fractions, yeast, vitamins, and other 
constituents in various amounts and combinations, 
were assayed in duplicate and the folic acid values 
compared Samples 1 to 5, according to label decla- 
rations, contained ferrous compounds and ascorbic 
acid, while samples 6 to 10 did not. As can be seen 
from Table IV, good agreement between the two 
methods was obtained only when these interfering 
substances w ere absent 

DISCUSSION 

These experiments indicate that tlie permanganate 
oxidation procedure is applicable to a variety of 
pharmaceutical preparations 

The critical step in the proposed procedure is in 
the splitting of the folic acid Although high con- 
centrations of KMnO) Of prolonged periods of oxi- 


dation may result in oxidation of folic acid to com- 
pounds otlier than the pteridine and PABA or, w hat 
is more probable, partial destruction of these pri- 
mary split products, there is a satisfactory' range of 
concentration and time that permits safe use. 
From reports in the literature (3, 4) and experience 
in this laboratoo', cleavage of the folic acid molecule 
is also a critical step in the reduction procedures. 
In the method proposed, effects of excessive KMnOi 
oxidation are offset since the reference standard 
and assay solutions are exposed to the same oxida- 
tion influences A similar approach used in the 
assay of riboflax'in (1) has proved useful 

The interference of ferrous salts and ascorbic 
acid in the present U S P method and the absence 
of their interference in the proposed ox'idation pro- 
cedure may be e-xplained on the basis that these sub- 
stances themselves, as present in pharmaceuticals, 
act as reducing agents 

In the reduction procedure ferrous ion may not 
be completely precipitated by NHiOH so that it, 
or the ascorbic acid still present, may cause some re- 
duction in the initial digestion step Another possi- 
bility is that these reductants might exert an 
auxiliary’ reducing effect later when the reduction is 
supposedly attributed solely to zinc 

With the proposed procedure, either the ferrous 
ion may' be more completely precipitated, or the 
loner pH of the K-HPO* solution may inhibit re- 
duction by' it or by' ascorbic acid. Furthermore, 
since the cleavage of folic acid is brought about by’ 
KMnOj oxidation, this oxidation may', at the same 
time, nullify' reducing effects of the ferrous ion or 
ascorbic acid present. 

These concepts are in agreement with our findings 
since, in all cases where ferrous compounds or as- 
corbic acid were present, low results, indicating 
e.\cessivc folic acid reduction, w ere encountered with 
the reduction procedure, but not with the oxidation 
method. 


Table IV — .\nalyses of Pharmaceutical Preparations for Folic Acid by KMnOi Oxidation and 

Zinc Reduction Methods 


S \Tnp\c 

No 

1" 

2 ® 

3" 

4" 

5’ 

6 

7 

8 
9 

10 


ro\»c Acid Present y — 
(Label Dcdaration) 

3 mg /tablet 
3 mg /tablet 
5 mg./tablet 
5 rag /ml 
1 mg./capsule 
lOmg./ml 
1 mg /tablet 
1 mg./inl. 

5 mg /3 tablet 
0 5 mg /capsule 


■KMnOi Oxidation Procedure- 


■Folic Acid Found, mg 


Analysis No I 

3 8 
2 S 
6 1 


4 

1 

II 

I 


1.3 
3 S 
0 6 


Analysis No 

4 1 

3 I 

6.3 

4 S 
1 3 

11.8 

0.9 

1.4 
3 5 
0 6 


■Zinc Reduction Procedure 


Analy'sis No 
2.2 
1 4 

0 9 

1 1 
0.4 

11 5 
0.8 
1 1 
3.7 
0 6 


Analysis No 
2 6 
1 5 
1.0 
1 2 
0 4 
11 9 
O.S 

1.3 

3.3 
0.7 


“ Avcordmg to label decIoratioD, these samples contained ferrous compounds and aswrfaic aci57 
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A Colorimetric Assay for Unoxidized Phenothiazine 
Derivatives: A New Complex Salt* 

By JAMES A. RYAN 


The lauryl sulfate salts of palladium pheno- 
thiazine derivative complexes provide a 
colorimetric means of following oxidative 
decomposition in such pharmaceutically im- 
portant compounds as promazine, prometha- 
zine, and chlorpromazine. This rapid and 
highly specific method is well suited to rou- 
tine assay of the intact drugs. The need for 
initial separation is eliminated in many cases. 

TD ECENT EMPHASIS upoti phenothiazine deriva- 
tives because of their importance as tran- 
quilizing and antihistaminic agents has again fo- 
cused the analytical chemist’s attention on this 
important field. Several types of decomposition 
appear to take place in these compounds. One 
type is a mild oxidation at the sulfur atom leading 
to the 5-oxide or sulfoxide and eventually to the 
5-dioxide or suUone (1). Quinoid type oxidation 
products of phenothiazine are discussed by Gran- 
ick, Michaelis, and Schubert (2-4). However, in 
aged or badly decomposed pharmaceutical prep- 
arations from accelerated stability studies, the 
extent of decomposition, or the amount of each 
type of decomposition product present has posed 
difficult problems to the analytical chemist. 

The literatme is replete with methods employ- 
ing oxidizing agents as reagents for assaying the 
parent compound and its derivatives. Typical of 
these methods are the color reactions of Eddy and 
PeEds (5), Dubost and Pascal (6), and Newhoff 
and Auterhoff (7). The ultraviolet method of 
Scott (8) has been applied to measure oxidation 
by evaluation of the absorbance ratio of two max- 
ima. The pure number obtained is without cor- 
relation to amount of intact material remaining in 
complex oxidation mixtures. The assay values 

* Received August 27, 1958, from the Wyeth Institute for 
Medical Research, Philadelphia, Pa. 

This paper has been abstracted from a thesis presented 
(April 1958) to the Committee on Graduate Studies, Frank- 
lin and Marshall College, Lancaster, Pa., in partial fulfill- 
ment of the requirements for the degree of Master of Science. 
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Ellis and his microchemical group for the elemental analysis, 
to Dr. Richard Bogash, John Barnett, Robert Shultz, and 
Frank' Rosolia of Product Development, and to Dr. Frederick 
Suydam of Franklin and Marshall College for their aid and 
encouragement. 


obtained increase with increasing decomposition. 

Failure of these methods to provide an ade- 
quate measure of intact material during stability 
studies on such compounds as promazine and pro- 
methazine led to an investigation of complex for- 
mation via the oxidation-labile sulfur atom as a 
colorimetric approach to the solution of this prob- 
lem. 

EXPERIMENTAL 

The chlorides of gold and the group VIII transi- 
tion metals were combined in dilute unbuffered solu- 
tion with certain phenothiazine derivatives. The 
palladium complex was then selected for further in- 
vestigation. Overholserand'Voe(9) used phenothia- 
zine to determine palladium ion. These authors as 
well as Marcali (10) mention difficulty experienced 
due to the low solubility' of the complex. This com- 
plex has essentially the required qualification, i. e., 
inability' to react with the oxidized sulfur atom. 
Carkhuff and Boy'd (11) reported a titration procedure 
using sodium laury'l sulfate as a titrant for quater- 
nary and certain tertiary amines. Inasmuch as 
compounds such as promazine, promethazine, and 
chlorpromazine have the necessary' molecular qual- 
ifications for forming slightly dissociated salts with 
the Iaury-1 sulfate ion on the acid side, it was decided 
to try the lauryl sulfate ion with the phenothiazine 
derivative palladium compIe.x in an effort to en- 
hance the color formation. This resulted in the for- 
mation of a new complex salt whose visible spectrum 
is reproduced in Fig. 1. Note that when compared 
to the chloride salt the result is an approximate 
twofold increase in the sensitivity for promethazine 
accompanied by a bathochromic shift, see Equation I. 
Color development was poor if the laury'l sulfate ion 
was added prior to addition of the sample to the solu- 
tion of palladium chloride, see Equation II. This 
suggests the complex formation involves initial for- 
mation of the palladium-phenothiazine derivative 
compIe.x followed by replacement of the ionic chlo- 
rides associated with the side chain nitrogen as well 
as those associated with the palladium atom, palla- 
dium lauryl sulfate failing to react well with the 
phenothiazine derivative. A wavelength shift is 
also noted when the lauryl sulfate ion is added to the 
palladium phenothiazine complex again substantiat- 
ing replacement of the ionic chlorides associated with 
the palladium atom, see Equation III. 
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The equations arc postulated for the mechanisms 
involved and are supported bj' all experimental evi- 
dence. A compound B above is in agreement with 
the elemental analysis as determined by Overholser 
and Yoe (9). Compound A was prepared (12) and 
complete elemental analysis confirmed a 3 ; 1 molar 
ratio of promazine hydrochloride to palladium chlo- 
ride. After the addition of four equivalent weights 
of magnesium lautyl sulfate to a solution of A no fur- 
ther change in the spectrum was noted. This exTier- 
imcnt was carried out in a large volume of a dilute 
solution of A and the changes in the spectrum pro- 
duced were followed spectrophotometrically. To 
support coordination involving the uno.vidized sulfur 
atom with the palladium ion the latter was combined 
iu dilute unbuffered solutions with the following com- 
pounds: acridine, phenoxazine, phenazine, proma- 
zine sulfoxide, and phcnothiazine sulfone. 

With tlic e-xception of acridine which yielded a 
strong greenish fluorescence and a j'ellow solution to 
transmitted light, the above compounds failed to 
show any visible signs of reaction. 

To illustrate the appUcabiUty of this reaction to 
tlic assay of an intact phcnothiazine derivative in the 
presence of its oxidized product, as well as a con- 
finiiation of the adherence of the assay procedure 
subsequently presented to the Beer-Lambert laws a 
senes of standard solutions of promazine hydrochio- 
nde and its sulfoxide in varj'ing proportions of each 
Was subjected to the assay method presented below. 
Hc.sults arc indicated iu Fig. 2. 

Spectra of the Complexes 

Figure 3 show.s the visible spectra of promazine, 
cIi!oqwonv.rtine, and prosnethazine as their palla- 
dium lauryl sulfate complex salts plotted eon- 



Fig. 1. — Spectra of the chloride and lauryl sulfate 
salts of the palladium promethazine complex. 



PERCENT OF PROMAZINE IN MIXTURES 
WITH ITS SULFOXIDE 

Fig. 2. — Beer’s Ian- adherence of the method in the 
presence of the sulfoxide. 

gruently. The absorption ma.xima arc 545 mn, 
545 mp, and 525 ran, respectively. 

Compound A when compared in the infrared to its 
starting material revealed a number of significant 
spectral differences which are indicated in Fig. 4. 

Conventional potassium bromide pellet technique 
Was used in the preparation of the infrared spectra. 
Fig. 4. Concentrations used were 0.3 and 0.4% in 
potassium bromide, cmplojdng a I-mm. path. The 
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Fig 3 — Spectra of the palladium lauryl sulfate 
complev salts of promazine, promethazine, and 
chlorpromazine 


instrument used was a Perkin Elmer Model 21 The 
visible spectra are reproductions of graphs as re- 
corded on a Beckman DK-2 instrument with linear 
wavelength attachment Single measurements 
were made on a Beckman DU spectrophotometer 

Analytical Method 

Reagents . — Slock Palladium Chloride Solution — 
Weigh 500 mg of palladous chloride into a 250-ml. 
beaker, add 5 ml of concentrated hydrochloric acid 
and warm the mivture on the steam bath Add 200 
ml of hot water in small increments with continued 
heating until solution is complete Transfer the 
solution to a 500-ml volumetric flask and fill to the 
mark at room temperature with water 

Buffered Palladium Chlonde Solution — Transfer 
25 0 ml of stock palladium chloride solution to a 
500-ml volumetric flask, add 50 ml of normal so- 
dium-acetate solution, 48 ml of normal hydrochloric 
acid, dilute to volume, and mix well 

Magnesium Lauryl Sulfate Solution — A 0 1% 
aqueous solution The magnesium salt is preferred 
because the solutions have less tendency to haze 
and precipitate Dioctyl sodium sulfosuccinate ap- 
pears to work equally well, but its salts have not been 
investigated in relation to this work 

Assay. — The colored test solution is prepared as 
follows : Transfer 3 0 ml of the buffered palladium 
chloride solution to a 25-ml Erlenmeyer flask Add 
2 00 ml of an aqueous standard solution representing 
100 to 125 pg of the pure phenothiazine derivative 
for standards, or an aqueous sample solution diluted 
to the same level Mix veil Add 2 0 ml of tlie 
magnesium lauryl sulfate solution and mix well 
Sample and standard solutions are prepared in 
dupheate The absorbances of these solutions are 
determined on a suitable spectrophotometer or color- 
imeter, the absorption maximum of the particular 
complex being utilized The instrument is set at 
zero absorbance using a reference solution composed 


of 3 0 ml. of buffered palladium chloride solution, 2 0 
ml of water, and 2 0 ml. of the magnesium lauryl sul- 
fate solution The concentration of the sample is 
then calculated If the sample is highly colored it 
may be necessary to employ a sample color blank 
This is prepared bj' omitting the buffered palladium 
chloride solution and substituting water in the same 
volume Absorbances of all solutions are then de- 
termined using water as a reference liquid and ap- 
propriate corrections applied 

Preparation of Sample. — In most cases the only 
operation necessary for injections is a direct dilution 
to the concentration level mentioned above In the 
case of tablets or capsules the following technique 
is usually successful. Crush a number of tablets or 
empty a number of capsules representative of the 
batch under test and grind until a homogeneous 
ponder is obtained Transfer an amount of the 
powder equivalent to approximately 10 mg of the 
derivative to a glass-stoppered flask containing ex- 
actly 200 ml of distilled water Stopper and shake 
until complete solution of the active ingredient is ef- 
fected. Filter through a Whatman No 42 paper, 
rejecting the first 150 ml of the filtrate Remove a 
2 00-mI aliquot of the subsequent filtrate for the de- 
termination 

Precision and Interferences 

Based upon thirteen standard solutions prepared 
in the manner indicated above, the average deviation 
of a single measurement proved to be 0 001 absorb- 
ance unit No deviation from the arithmetical 
mean greater than ±0 003 absorbance unit was en- 
countered in this series 

The following typical substances commonly found 
in tablets and capsules did not interfere with color 
development at the levels indicated after aqueous 
solution of 5 0 mg of promethazine hydrochloride in 
their presence 


Acetophenetidin 

161 mg. 

Acetylsalicylic acid 

226 mg. 

Caffeine 

32 mg. 

Codeine sulfate 

16 mg. 

Meprobamate 

200 mg. 

Corn starch 

60 mg. 

Lactose 

500 mg 

Magnesium stearate 

10 mg 

Methocel 400 

15 mg 

Sterotex 

2 mg 

Phenol and sulfur-containing antioxidants were 
found not to interfere in the usual concentrations at 


which they appear in injections. If substances which 
react with palladium chloride or are incompatible 
with the lauryl sulfate ion are present, caution should 
be exercised in applying the method High concen- 
trations of acids, bases, salts, and organic solvents 
should be avoided. 

If interference of any tjqie is suspected on a given 
product, tlie test of interference should be the con- 
gruency of the visible spectrum of a complete control 
and a standard. 

Examples of Application of the Assay to Acceler- 
ated Stability Studies 

The data presented below on two selected prod- 
ucts shows how the palladium lauryl sulfate piethod 
may be used to evaluate product stability. A choice 
betw een two different closures can be made with con- 
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Fig. 4. — Infrared spectra of promazine hydrochloride as compared to that of its palladium complex. 


fidence. The previously mentioned ultraviolet 
method of Scott (8) was employed below. 

Example A . — Promethazine hj’drochloride in- 
jection 25 mg./ral. containing a narcotic present at 
the same concentration level. 



Ultraviolet 

Ratio 

Palladium 

Lauryl 

Sulfate 


Method. 

A2i9 Md 

Method, 


mg./cc. 

/4298 mi. 

mg./cc. 

Initial 

24.4 

8.35 


Six 

months 

storage 

under 

U. V. 
light 

20.6 

7.13 

20.3 

Six 

months, 

45° 

24,1 

8.44 

23.0 


Example B . — Promctliazinc hj'drochloride injec- 
tion 25 mg./ml. 

Initial Assiiy, U. V. method — 26.0 mg./ml, or 
104% o[ claim. 

Storage assays by the palladium laurj-l sulfate 
mcUiod. 

Closure JCo. 1 Closure Xo. 2 

25.5 mg,/cc. or 1027c of 15.3 mg./cc. or 61.3% 
claim of claim 

The storage conditions of e.\nmple B study were 


45® for two years and room temperature for seven 
months. 


SUMMARY 

A method for tlie analysis of the more common 
phenothiazine racdicinals has been presented. This 
method based on the lauryl sulfate salt of the specific 
palladium phenothiazine derivative compIe.ves pro- 
vides a linear measure of oxidative decomposition at 
the sulfur atom of these compounds. 

Routine evaluation of raw material condition and 
product stability under accelerated storage is simpli- 
fied. Choice of containers and closures is expedited. 

Spectra, postulated structure, and reactions of 
these comple.\cs are discussed. 
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Enteric Coatings II* 

Starch (and Amylose) Acetate Phthalates 

By JOHN G. WAGNER, THOMAS W. BRIGNALL, and STUART LONG 

Eight new whole starch (and amylose) acetate phthalates differing in acetyl and 
phthalyl contents were prepared by acetylation of a reactive form of starch or amylose 
with acetic anhydride in the presence of formamide followed by phthalylation of the 
partial acetates with phthalic anhydride in the presence of pyridine. Solubilities of 
the compounds indicated they would be useful substances for enteric coating. 
Tablets were enteric coated with one of the starch acetate phthalates and a commer- 
cial cellulose acetate phthalate. In vitro, at pH 6.9, ox bile extract but not pancreatin 
increased the rate of disintegration of the enteric coated tablets; hence, under these 
conditions, ionization of free carboxyl groups and not the action of enzymes in 
pancreatin is mainly responsible for the disintegration of these enteric coated tablets. 


I \uRiNG the past several decades various 
substances and combinations of sub- 
stances have been evaluated for enteric properties 
and a variety of artificial gastric and intestinal 
fluids and tn vitro testing apparatus have been 
studied (1). 

This is the second in the senes* of publications 
which will describe the preparation and prop- 
erties of some new enteric substances, discuss 
the factors involved in the disintegration of 
enteric coatings in vitro and in vivo; show that 
certain mathematical relationships exist which 
are useful in predicting the properties of enteric 
coatings and in companng one type of coating 
with another, and correlate in vivo with in vitro 
disintegration times. 

An enteric pol 3 nner may dissolve because of 
ionization of an acidic function in its molecule. 
For example, a cellulose acetate phthalate was 
reported (2) to dissolve at a pH as low as 5 7. 
This would be expected to cause disintegration 
of the enteric coating in which such a polymer 
was contained. However, Bauer and Masucci 
(3) claimed that “The disintegration of enteric 
coatings like cellulose acetate phthalate in the 
intestinal contents, which are on the acid side, 
is the result of the hydrolytic action of intestinal 
esterases.” Enzymatic attack on susceptible 
linkages of an enteric polymer would be of value 
from an enteric coating viewpoint only if such 
an attack occurred at a faster rate than the solu- 
tion of the polymer due to ionization. Resolu- 
tion of the relative importance of these two 


♦ Received September 2, 1958, from the Product Research 
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possible factors would aid the search for enteric 
substances with improved properties. 

Model enteric substances have been studied 
by the present authors. These substances in- 
clude commercial cellulose acetate phthalate, new 
starch (and amylose) acetate phthalates, and two 
synthetic polymers which have not formerly 
been used in enteric coatings Cellulose acetate 
phthalates and starch (and amylose) acetate 
phthalates have phthalate and acetate ester 
groups which are presumably susceptible to 
enzjTnatic attack. Startch (and amylose) acetate 
phthalates have (1^4)-0-a-D-glucosidic linkages 
presumably susceptible to attack by intestinal 
enzymes, whereas cellulose acetate phthalates 
have (l-^4)-0-/3-D-glucosidic linkages in the 
cellulose chains which are not attacked by in- 
testinal enzymes. The synthesis of starch (and 
amylose) acetate phthalates and preliminary in- 
vestigation of the relative importance of enzy- 
matic attack and ionization in promoting the 
disintegration of enteric coatings containing a 
cellulose acetate phthalate or a starch acetate 
phthalate are given below. 

Starch consists (4, 5, 6) of a mixture of a linear 
polymer, amylose, and a branched pol 3 rmer, 
amylopectin. Amylose consists of anhydrous 
glucose units linked by (1— »-4)-0-Q:-D-glucosidic 
bonds Amylopectin is composed of anhydrous 
glucose units linked by the same type of gluco- 
sidic bonds but with branches in the 6-position. 
The preparation of neither whole starch acetate 
phthalates nor amylose acetate phthalates has 
been described before. 

EXPERIMENTAL 

Materials. — Amylose paste, 15-20% butanol-cov- 
ered (The G Frederick Smith Chemical Co ), buffalo 
corn starch (Corn Products Refining Co ), formamide 
99% and phthalic anhydride #2619 (Matheson 
Coleman & Bell, Inc ), acetic anhydride A. R. 

and pyridine A R (Maliinckrodt Chemical Works), 
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pancreatin triple strength U. S. P. (The Wilson 
Laboratories): and cellulose acetate phthalate type 
SI (Eastman Organic Chemicals), Anal . — phthaljd 
30.85%: acetyl 20.91%; free phthalic acid 1.76%. 

SYNTHETIC METHODS 

Preparation of Air-Dried Reactive Amylose. — 
The procedure described by other investigators 
(6, 7) was used. The contents of two one-ounce 
bottles of ‘‘15-20% amylose paste, butanol-covered" 
yielded 8.95 Gm. of 60-mesh air-dried reactive am- 
ylose. 

Preparation of “Disintegrated Starch Granules”, 
(o) On a Laboratory Scale . — The method of Wolff. 
Olds, and Hilbert (8) was utilized. Thirty-five 
grams of corn starch yielded 28 Gm. of ‘‘disinte- 
grated starch granules” all of which passed through 
a 60-mesh screen and which contained 5 5% mois- 
ture. 

(5) On a Pilot Laboratory Scale.— One kilogram of 
corn starch was slurried with 1,425 ml. of deionized 
water at room temperature and the slurry added 
gradually with vigorous stirring to 12,825 ml. of 
boiling distilled ivater. The paste was stirred 
vigorously and held at 90° for ten minutes. The 
temperature was raised to 100° and the paste run 
through a Martin-Gaulin colloid mill with a 0.002- 
inch setting. The slurry was cooled to 50-55° and 
then 14,250 ml. of denatured alcohol® was added 
slowly with vigorous stirring in such a manner as 
to avoid the formation of lumps of precipitated starch. 
The resulting suspension was run through a Fitz- 
patrick puU-erizing machine with a lOQ-mesh screen. 
When the suspended particles had settled, the super- 
natant liquid was decanted: the same volume of 
fresh denatured alcohol was added and the suspen- 
sion stirred vigorously for ten minutes. The de- 
cantation was repeated after the suspension had 
settled. The washing procedure was repeated twice 
using one-half the previous volume of denatured 
alcohol. The final product was isolated by filtra- 
tion and dried in a vacuum oven at 80° for fifteen to 
eighteen hours. Yields of 050 to 725 Gra. of “dis- 
integrated starch granules” which passed through a 
GO-raesh siei-e and which contained about 6% 
moisture were obtained. Material tailing to pass 
a CO-raesh sieve was discarded. 

Acetylation. — The proportion of reagents reported 
by Potter and Hassid (9) was used. Acetylation in 
formamidc was by an adaptation of the method of 
jeanes and Jones (7). The modifications consisted 
of precooling both the formamide and pyridine to 
10° ± 3° and maintaining the same temperature 
during the addition of the pyridine to the fomiamide- 
slarch suspension; similarly the temperature was 
held at 10° ± 3° during addition of the acetic 
anhydride in increments over a fifteen-minute 
period (except in preparation of S. A. P. H; see 
Table I). After all the acetic anhydride h.ad been 
added, cooling was discontinued and the mixture 
stirred while the temperature was allowed to rise 
gradually to between 22 to 28°. A further modifica- 
tion consisted of stopping the reactions after the 
vari.able periods of time by pouring the reaction 
mixture into a mixture of ice and water. Table I 


’ Atcohnt 3 A Khich is iirepami by miiinc 100 parts, by 
\nlumc, Ctliyl alcohol and 5 p.arts, by volume, commereially 
pure methyl alcohol 


gives the time of acetylation from the start of the 
addition of the acetic anhydride to the ice treatment 
for each product. In each case the resulting white, 
fibrous precipitate was recovered by filtration, washed 
well bj' resuspension four times in deionized water, 
dried in a vacuum oven at 80° for fifteen hours, then 
ground and passed through a 20-mesh sieve. The 
20-mesh powder was dried to constant weight in a 
vacuum oven at 80°. The acetyl contents and yields 
of the various products are shown in Table I. 

During the acetjdation of a Kg. of “disintegrated 
starch granules” (S. A. II, see Table I), difficulty 
was experienced in keeping the temperature low 
during the addition of the acetic anh 3 'dride in ten 
tw'o-liter portions. The reaction is exothermic and 
in spite t)f the circulating brine sj'stem, the tempera- 
ture rose to 22°. Additions were discontinued until 
the temperature was again 10°. One hour was re- 
quired to complete the addition while maintaining 
the temperature at 10° ± 2°. The brine sj-stem was 
removed and the temperature allowed to rise to 
25° . Stirrmg vias cowtimied for tlwee hours wheu 
a clear syrupj’ solution was obtained. The isolation 
w'as effected as described abox'e. The resulting 
starch acetate anah-zed 38.4% acetjd. Sixty grams 
of this was phthaljdated to j-ield S. A. P. II but the 
remainder of the starch acetate was partiallj' saponi- 
fied to j’ield starch acetate (III) of lower acetj-l 
content. 

The partially acctylated starch (S. A. 11) was par- 
tiallj' saponified using the following proportions 
of reagents: starch acetate 14.5 Gm., acetone 207 
ml., sodium hj'droxide 0.5 Gm., and deionized water 
1.0 ml. The starch acetate was dissolved in the 
acetone at reflux temperature. The sodium hy- 
droxide was dissolved in the water and the solution 
added to the acetone solution of starch acetate. 
Heating and stirring was continued for two hours, 
then the reaction mixture was allowed to cool over- 
night. The reaction mixture was poured slowly into 
water and stirred for four hours. The product was 
isolated bj* centrifugation, washed well with water 
until neutral, and dried in a vacuum oven to constant 
weight at 50°. The product (S. A. Ill) analj'Zed 
34.0% acetyl. 

Phthalylation.— PhthaIj'Iation of the partially 
acctylated starch (or amylose) acetates was effected 
by phthalic anhydride in the presence of pyridine. 
The proportion of reagents reported by Malm and 
Fordyce (10) for the phthalylation of cellulose 
acetate was used. A mixture of 1 part by weight 
of the starch (or amylose) acetate, 4 parts of 
pjTidinc, and 2 parts of phthalic anhydride was 
heated to 100° with stirring and the temperature 
maintained for the times indicated in Table I. 
The reaction mixture was usually in the form of a 
viscous gel; it was diluted with acetone and poured 
into a dilute solution of hj’drochloric acid containing 
ice. The mixture was stirred until the gel had been 
converted to a white or tan, fibrous solid which was 
rcco\-ercd by filtration. The fibrous solid was 
washed four times by resuspension in cold water, 
then five times in boiling water. The product was 
dried in a vacuum oven at 80° for three hours, 
cooled, ground, and passed through a 60-mesh 
sieve. The powder was dried to constant weight 
in a vacuum oven at 80°. A summary of the 
ucts is shown in Table I. 
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Table I — Summary of Data on Starch (and Amylose) Acetate Phthalates 


-Analytical Valties- 



Product 

/■ Reacti 

c 

o 

rt 

V 

o 

< 

on Conditions— 

a 

o 

rt 

5 


o 

A A 

V 

u 

< 

P c or 

*>» 

*3 

X 

CU 

SAP 

o 

13 

J3 

a 5 

b. 

Moisture, % 

Calculated 
Carboxyl 
(-COOH), % 

Calculated 
Av No 
Groups/ 
Anhydro- 
Glucose 
Residue 
Ace Phthal- 

tyl yl 

. — Yield. . 

Acetyl Phthal 
action/ ylation* 

A 

A 

P. 

I. 

5 hrs 

8 hrs , 


39 9 

32 8 

13 4 

8 4 


4 1 

2 22 0 28 







10-2G® 

iOO 5®, r 
overnight 

t 

39 4 









S 

A 

P 

II 

4 hrs ^ 

18 hrs , 


38 4 

34 7 

17 4 

2 25 

1.34 

5 3 

2 07 0 39 

90 0 

98 9'‘ 





8-25® 

85-90° 











S 

A 

P 

III 

k 

18 hrs . 


34 0 

31 0 

19 7 

3 15 

1 65 

5 9 

2 32 0 42 

85 

85 2" 






100 =fc 5® 



30 9 

19 5 

2 95 

1 78 





s 

A 

P 

IV 

45 mm , 

8 hrs , 


33 3 

25 3 

22 2 

11 7 

2 0 

6 7 

1 86 0 46 

75 4 

94 1 





7-22® 

100 ± 5°, r 
overnight 

t 










A 

A 

P 

V 

45 mm , 

8 5 hrs , 


31 5 

22 0 

25 9 

9 0 


7 8 

1 57 0 53 

59 4 

82 5 





10-21® 

100 ± 5®, r 
overnight 

t 










S 

A 

P 

VI 

40 mm , 

20 hrs , 



18 8 

30 5 

4 7 


9 2 

1 38 0 65 

75 3 

90 5 





9 5-27' 

® 100 d= 5* 











s 

A 

P 

VII 

45 min , 

12 hrs . 



1C 2 

30 8 

2 46 

4 62 

9 4 

1 11 0 63 

97.4 

03 7 





7-22* 

100 ± 5* 



15 0 

31 1 

2 16 






s 

A 

P 

VIII 

45 min , 

12 hrs , 



23 7 

32 7 

3 3 


9 9 

2 01 0 80 

84 S 

75 7 


7-22® 100 ± 5® 


“ A A amylose acetate ^ S A , starch acetate ® A A P , amylose acetate pbthalate S A P , starch acetate phthal 
ate * On phthalic acid-free moisture free basis / Based on moisture free starch o Kilogram batch ^ Starting material 
was 60 Gm of S A 11 » 0\erall jield inclusive of partial saponification of S A II to yield S A III i Addition of acetic 
anhydride required one hour A III obtained by partial saponification of S A II 


Analytical Methods. — (a) Motsturc — About 2 
Gm of starch (or amylose) acetate pbthalate was 
weighed to the nearest mg m a dry. tared, glass- 
stoppered weighing bottle and dried for at least two 
hours in an oven at 105-110° The sample was 
cooled and weighed 

(6) Acetyl tn Starch (or Amylose) Acetates — The 
pyridine method of Murra3^ Staud, and Gray (11) 
was used 

(c) Free Phthalic Acid — The ether extraction and 
titration method of Malm, Genung, and Kuchmy 
(12) was used 

(d) Fhthalyl — The titration method of Malm, 
Genung, and Kuchmy (12) was used The ether ex- 
tracted material from the above determination was 
freed from ether in a desiccator and dried for two 
hours at 100-110° The solvent was a mixture of 
1 T , bj' volume, pyridine and acetone Blanks were 
run on the solvent 

(e) Acetyl in Starch {or Amylose) Acetate Phthal- 
ates — The apparent acetyl (total alkali consump- 
tion calculated to acetyl, equivalent weight 43) was 
determined by the saponification-in-solution method 
of Malm, Genung, Williams, and Pile (13) using a 
solvent mixture of 1 1, by volume, pj'ridme and 
acetone Analyses were performed on phthalic 
acid free samples as above The actual acetyl value 
was calculated by means of the equation • 

% acetyi = % apparent — {% phthalyl X 


(/) Carboxyl — Calculated from • % free carboxyl = 
45/149X% phthaljd 

SOLUBILITIES 

All starch (and amylose) acetate phthalates pre- 
pared were readily soluble in 5% aqueous sodium 
hydroxide. 10% aqueous ammonia, acetone, methyl 
ethj’l ketone, and mixtures of acetone or inethj'l 
ethyl ketone and alcohol, although alcohol itself was 
a nonsolvent At least 10% w/v solutions in the 
organic solvents could be prepared 

All starch (and arajdose) acetate phthalates pre- 
pared were soluble in 5% aqueous sodium bicar- 
bonate with the exception of A A P I which had the 
lowest per cent carboxyl of the group. Similarly all 
products except A A P I were readily soluble in the 
artificial intestinal fluids, pH 6 9 (see Table III) 
All products were completelj' insoluble in simulated 
gastric fluid U S P XV 

The solubility of some of the products in phos- 
phate buffers was determined Ten milligrams of 
compound and 50 ml of buffer were placed m a 
stoppered bottle The bottles ivere attached to a 
wheel xvhich rotated six revolutions per minute in a 
constant temperature bath held at 40° The bottles 
xxere examined after one hour and after four hours 
Phosphate buffers differing m pH bj' 0 05 pH unit 
were tried for each compound until that compound 
was just completely soluble after one hour and after 
four hours Table II lists the per cent carboxyl in 
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the compound and the minimum pH of the buffer 
in which it was soluble after four hours. In general, 
complete solution after one hour required a buffer 
from 0.05 to 0.20 pH unit higher than that given for 
four hours. The 3 products with 6.7, 7.8. and 9.2% 
free carboxsd content dissolved at a lower pH than 
the cellulose acetate phthalate with 35.2% phthalyl 
and 10.6% carbo.vj'I reported by Malm, Emerson, 
and Hiatt (2). 


Table II. — Relationship Between the Per Cent 
Carbo.tyl in the Starch (or Amylose) Acetate 
Phthalate and the pH at which it Dissolved 


Per Cent 

Minimum pH of 

Carboxyl 

Phosphate Buffer* 

5.3 

6.30 

5.9 

6. 00 

6.7 

5.60 

7.8 

5.55 

9.2 

5.55 


° Minimum pH of phosphate buffer at which 10 mg. of 
polymer just completely dissolved in 50 mb of buffer at 40® 
after four hours. 


COATING OF TABLETS 

Compressed tablets containing 3 gr, of barium 
sulfate U. S. P. and lactose as diluent were prepared 
from a starch-syrup granulation. One lot was sub- 
coated with a gelatin-syrup solution using a mixture 
of precipitated calcium carbonate, talc, and acacia 
powder as dusting powder. This lot was enteric 
coated with cellulose acetate phthalate by applying 
to the tablets a 10% w/v solution of the polymer in a 
mixture of acetone and alcoiiol. This lot of enteric 
coated tablets were those designated lot HI in 
Table HI of the previous publication (14). The 
other lot of compressed tablets was subcoated with a 
sodium carbo.vymcthylcellulose-sugar-water solu- 
tion (15) using the same dusting powder. This lot 
was enteric coated with starch acetate phthalate by 
applying to the tablets a 10% w/v solution of the 
polymer in a mixture of metliyl ethyl ketone and 
alcohol. This lot of enteric coated tablets were those 
designated lot IV in Table 111 of the previous pub- 
lication (14). U. S. P. supreme talc was used as 
dusting powder during tlie enteric coating of both 
lots of tablets. 

The average weights of enteric polymer and dust- 
ing powder applied per tablet and the average 
volumes, weights, and thicknesses of the enteric 
coatings witii their standard errors are given in the 
previous publication (14). 

DISINTEGRATION TESTS 

Artificial Gastric Juice, pH 1.2 and Water.— 
The ill vitro resistance of tlie enteric coatings to 
simulated gastric fluid, U. S. P. XV and to water 
was reported in the previous publication (14). 

Artificial Intestinal Fluids, pH 6.9.—The buffers 
shown in Table HI were utilized. 

The disimegration apparatus was that described 
in the U. S. P. (16). The temperature of the 
buffers were maimnined at 37° ± 2°, Each run 
included six tablets in one basket and two runs were 
carried out on each inf in each buffer. The runs 
and samples were completely randomized . The end 


point for each tablet was taken when the tablet 
was completely disintegrated and 99 to 100% of the 
entire disintegrated tablet and coating had passed 
through the screen of the disintegration apparatus. 
The results of the disintegration tests in the four 
buffers are shown in Table I\’. It was found that 
when the enteric coated tablets were run two hours 
in simulated gastric fluid U. S. P. X\’ then trans- 
ferred to buffer A that the a%-erage values of dis- 
integration time in buffer A were approximately the 
same as those in Table IV under buffer A where the 
enteric coated tablets were put directlv into buffer 
A. 

Comparison of Spread and Errors.— The average 
disintegration times of tlie enteric coated tablets in 
buffers A, B, C, and D were 45.0, 44,5, 55.0, and 
65.0 minutes, respectively. The average disinte- 
gration times of the enteric coatings (obtained by 
subtraction of the average disintegration time of the 
subcoated tablets from tlie average disintegration 
time of the enteric coated tablets) in buffers A, B, C, 
and D were 38.8, 38.3, 47.8, and 40.7 minutes, re- 
spectively. Numerically the average disintegra- 
tion time of the enteric coated tablets is 23% greater 
in buffers C and D which contain no ox bile extract 
than in buffers A and B which contain ox bile. 
Numerically the average disintegration time of tlie 
enteric coated tablets is about 0.6% higher in buffers 
A and C which contain pancreatin than in buffers 
B and D wltich do not contain pancreatin. 

Barlett’s test (17) was used to test the homo- 
geneity of the variance of disintegration time in the 
four different artifical intestinal fluids. Tlie test 
indicated some lack of homogeneity. However, 
despite the high x' value an analysis of variance 
seems justified (18, 19). Based on a large number 
of similar disintegration tests run in this laboratory 
there is little evidence of a relationship between 
standard deviation and average disintegration time 
although such a relation is usually to be expected 
with time measurements. Occasional erratic differ- 
ences in variances appears to be due mainly to non- 
uniformity in the coatings arising from the coating 
process. Some improvement in homogeneity was 
obtained by using log time; however, %' was still 
significant. 

Analysis of Variance.— Using the "time (T)" val- 
ues directly, an analysis of variance of the data 
presented for the enteric coated tablets, lots HI and 
IV in Table I\’ was made. The results of the 
analysis are shown in Table V. 

The conclusions which may be drawn from the 
analysis of variance are as follows: (a) The pooled 
disintegration times of the tablets enteric coated 
with cellulose acetate phthalate and starch acetate 
phthalate in buffers containing pancreatin (buffers 
A and C) do not differ significantly from tlie pooled 
disintegration times of the same tablets in buffers 
which no not contain pancreatin (buffers B and D). 
These data indicate that the enzymes contained in 
pancreatin U. S. P. do not aid in the dissolution of 
these enteric coatings at pH 6.9. (6) The pooled 
disintegration times of the tablets in buffers contain- 
ing ox bile extract (buffers A and B) arc significantly 
lon-er than the pooled disintegration times of the 
tablets in buffers which do not contain ox bile 
(buffers C and D). (c) There is no significant differ- 
ence in buffers A and B with respect to the total of 



248 


Journal of the American Pharmaceutical Association Vol. XLVIII, No 4 


Table III — Artificial Intestinal Fluids, pH 6 9 

Ingredient 

BufTer A 

Buffer B 

Buffer C 

Buffer D 

Pancreatin U S P 

10 0 Gra 


10 0 Gm 


Ox bile extract U. S P 

4 0 Gm 

4 0 Gm 



M/5 Potassium biphosphate 

250 0 ml 

250 0 ml. 

250 b ml. 

250 0 ml. 

M/5 Sodium hydroxide 

140 0 ml 

140 0 ml 

140 0 ml 

140 0 ml. 


(approx ) 

(approx ) 

(approx ) 

(approx ) 

Deionized water a s to 

1,000 0 ml 

1,000 0 ml 

1,000 0 ml. 

1,000 0 ml 

pH 

6 9 

6 9 

6.9 

6 9 


Table IV. — Disintegration Time of Tablets in Artificial Intestinal Fluids, pH 6 9 








A 

B 

C 

D 

Lot 


Average Disintegration Time ± Standard Deviation, (min ) 

III (enteric coated) 

Run 1 

42 7 ± 2 1 

43 8 ± 4 8 

63 2 ± 4 0 

59 0 ± 4 9 


Run 2 

49 1 ± 2 0 

42 3 ± 2 9 

56 8 ± 2 3 

55 1 ± 5 6 

IV (enteric coated) 

Run 1 

42 8 ± 7 9 

45 8 ± 2 1 

48 7 ± 4 2 

49 8 ± 6 9 


Run 2 

45 4 ± 1 9 

46 3 ± 3 8 

51 3 ± 3 9 

56 1 ± 2 9 

III (subcoated) 

Run 1 

8 2 ± 0 8 

8 3 ± 0 7 

9 7 ± 0 8 

13 8 ± 0 4 


Run 2 

8 6 ± 0 8 

8 3 ± 1 2 

9 9 ± 1 4 

10 7 ± 1 8 

IV (subcoated) 

Run 1 

4 2 ± 0 2 

4 4 ± 0 2 

4 5 ± 0 1 

4 7 ± 0 5 


Run 2 

4 0 ± 0 3 

4 0 ± 0 3 

4 8 ± 0 9 

4 0 ± 0 9 


Table V —Analysis of Variance of T Values of Enteric Coated Tablets III and IV 


Source of Variation 

d f. 

M s 



F Test 


Total 

95 






Among lots 

Among buffers 

1 

248 7 

F 

= 

to 

00 

II 

1 43 

(A -f- C) - (B -1- D) 

1 

1 4 

F 

= 

<1 


(C -j- D) - (A -t- B) 

1 

2,516 4 

F 


2516 4 
174 1 

14 46“ 

> 

1 

te) 

1 

2 8 

F 

= 

<1 


Interaction (buffers X lots) 

3 

174 1 

F 

= 

174 1 

57 1 

3 05 

Betw'een duplicate runs 

8 

57 1 

F 

= 

57 1 

17 4 

3 28‘ 

Within runs 

80 

17 4 





° Significant at 0 05 level Significant at 0 01 level 


the disintegration times of the enteric coated tablets 
in the buffers, (dj The variation in disintegration 
times between runs of six tablets is significantly 
greater than the variation within runs This has 
been observed with larger groups of enteric coated 
tablets (e) There is no significant difference be- 
tween lots with respect to disintegration times in 
the four buffers 

DISCUSSION 

It is interesting to compare the standard devia- 
tions for runs of six tablets in the various buffers 
used in this study with those reported in the litera- 
ture or calculated from data in the literature. 
Crisafio, Taylor, and Chatten (19) reported a very 
wide range of standard deviations calculated from the 
disintegration times of commercial enteric coated 
tablets in artificial intestinal fluids, pH 7 5 and 8 0, 
containing pancreatin but not containing ox bile. 
Brindamour and DeKay (20) reported disintegra- 
tion data for a cellulose acetate phthalate-coated 
tablet and a commercial enteric coated tablet in 


various artificial gastric and intestinal fluids From 
their data standard deviations of six and twenty- 
three minutes were calculated for the cellulose ace- 
tate phthalate-coated and the commercial enteric- 
coated tablets, respectively, in their number 10 
fluid’ and standard deviations of seven and ten 
minutes were calculated for the cellulose acetate 
phthalate-coated and the commercial enteric-coated 
tablets, respectively, in their number 12 fluid.'' The 
average of the standard deviations (based on 6 
tablets and itemized in Table IV) for the enteric 
coated tablets in buffers A, B, C, and D are 3 5, 3 4, 
3 6, and 5 1 minutes, respectively. 

Both of these literature sources indicate that 
lowering the pH of the artificial intestinal fluids in- 
creases the range and hence the standard deviations 
of the disintegration times of enteric coated tablets 
Similar to the results reported in this paper Brinda- 
mour and DeKay (20) reported that tlie presence of 

> Similar to buffer A in this report but their number 10 
fluid contained calcium chloride and had a pH of G 7 

t The same as buffer A in this report except that their 
number 12 fluid contained calcium chloride 
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ox bile in the intestinal solutions caused the tablets 
to disintegrate more quickl 3 ' ; their data also indicate 
that pancreatin had no similar effect. In reviewing 
the literature on bile salts Haslewood (21) points 
out that recent work indicates bile salts form 
micelles in a way not fundamentallj' different from 
that well known in the case of detergents. Solubil- 
ization of fats, etc., in bile salt solutions maj' be ex- 
plained on the theory of "solubilization” which has 
been applied to explain similar properties of deter- 
gents generally. The lowering of surface tension and 
the detergent action exerted bj' bile salts prob- 
ably explains the action of ox bile extract in increas- 
ing the disintegration rate of enteric coated tablets, 

SUMMARY AND CONCLUSIONS 

1. Six new whole starch acetate phthalates 
and two new atnjdose acetate phthalates were 
sjmthesized. 

2. Solubilities of these two compounds in- 
dicate that all but one of them would be useful 
substances for enteric coating. It was shown that 
the minimum pH at which the compounds dis- 
solve is dependent upon the per cent free carboxyl 
content of the poljnners. 

3. Subcoated tablets were satisfactorily en- 
teric coated with a starch acetate phthalate 
and with a commercial cellulose acetate phthalate. 

4. Initial disintegration tests indicated that 
the tablets enteric coated with starch acetate 
phthalate did not have as high a resistance to 
artificial gastric juice, pH 1.2, as tablets enteric 
coated with cellulose acetate phthalate. There 
was no significant difference between the two 
lots of enteric coated tablets with respect to 
initial disintegration times in four artificial 
pancreatic fluids, pH G.9. 

6. It was shown that at pH G.9 pancreatin 
U. S. P. had no influence on the disintegration 
rate of tablets enteric coated with starch acetate 
phthalate or cellulose acetate phthalate. It 
was shown that at pH 0.9 ox bile extract signifi- 


cantly increased the rate of disintegration of 
these enteric coated tablets. These data in- 
dicate that in vitro at pH 6.9 iotuzation of free 
carboxyl groups in these pohnners is mainly 
responsible for the solution of the poh-mers and 
the disintegration of the enteric coatings. 

6. The ht’pothesis is presented that the de- 
tergent action of bile salts in ox bile extract is 
responsible for the increased rate of disintegra- 
tion of these coatings in the presence of ox bile 
extract. 

7. Both lots of enteric coated tablets dis- 
integrated completely in a phosphate buffer, 
pH 6.9, containing neither pancreatin nor ox 
bile e.xtract. 
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A Chromatographic Technique for the Identification 
of Fluorescein and Phenolphthalein Derivatives* 

BY C. ROBERT McMILLION and H. A. BROWN DUNNING, Jr. 


New and simplified procedures are described 
for the chromatographic identification and 
separation of a number of fluorescein and 
phenolphthalein derivatives. The pro- 
cedures employ phosphate buffers as a mobile 
phase. Methods ate described for paper 
strip and cellulose column chromatography. 

x TUG SYXTur.sis of fluovescciu and phenol- 
phthalcin derivatives a number of by-products 

• Kctxiictl A«x«st 21, iS.'iS, from llic Re*:carch Labora- 
tories of Ujnson. Wcstocilt X Dtinmnc, Inc . Baltimore, Xtd 


are formed. These products are difficult to 
separate by conventional means. As a result 
they are usually present to some extent in the final 
product. These compounds are weak acids and, 
as such, they are usually soluble in organic 
solvents and only slightly soluble in tvater. 
The salts of the same compounds have the op- 
posite solubilities. This characteristic makes 
them unsuitable for general chromatographic 
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techniques based on two phase systems. Parti- 
tion methods can be used, however, as Lederer 
(1) and Graichen (2) have described identification 
techniques for phenolphthaleins and fluoresceins, 
respectively. 

Experience in this laboratory has shown that 
partition methods tend to form long overlapping 
zones. In addition, a considerable amount of 
work and time is required for preparing the 
mobile phase. Some systems are not stable over 
a long period of time due to evaporation or esteri- 
fication and are very sensitive to temperature 
changes. 

The procedure described here is efficient and 
very simple. The solvents used are phosphate 
buffers. The advantages of this procedure are: 
(o) A variety of phosphate buffers may be kept 
for long periods of time if a few crystals of th3rmol 
are added to prevent the growth of micro- 
organisms; (5) it doesn’t require changing the 
atmosphere in the chromatography jar when a 
change in buffer system is desired; (c) the 
materials used are aU inexpensive; (d) well 
defined zones are usually formed; (e) the identi- 
fication can be completed in two hours; (/) 
variation between runs is very slight if equilibrat- 
ing time and conditions are kept constant; (g) 
the same solvents can be used with cellulose 
columns to separate larger quantities; and (h) 
small temperature changes have a negligible 
effect on the results. 

EXPERIMENTAL 

Materials 

Whatman No. 1 paper ( 1 ‘/z inches wide) . Reagent 
grade NajPOi. Reagent grade NaH2P04. Chroma- 
tography jar 12 X 24 (descending type) with a stop- 
pered hole in plate glass top. Micro-pipets (10 A 
size). Whatman cellulose powder (ashless, stand- 
ard grade). 14 X 800 mm. glass column. Auto- 
matic fraction collector (drop counting tsTie). 

Paper Chromatography 

Preparation of Mobile Phase. — Two parent phos- 
phate solutions were prepared — 0.5 il/' NajPOj, and 
0.5 M NaHsPOi. A portion of the Na3P04 solution 
was placed in a beaker equipped with pH electrodes 
and a mechanical stirrer. The NaH2P04 solution 
was added until the desired pH was reached. Sev- 
eral of the fluoresceins were separated using a 0.5 M 
solution of NaH2P04 (reagent grade) as a mobile 
phase. 

Preparation of Sample. — The samples were pre- 
pared as 1% solutions in 0.5 M Na3P04, 

Preparation of Chromatography Jar. — The type of 
jar used was of the descending t3'pe 12 X 24 inches. 
The plate-glass top was equipped with a stoppered 
hole such that the buffer could be added with a mini- 


‘ AH molar solutions are in terms of sodium ion concentra- 
tion. 


mum of exposure. Two inches of water was kept 
in the bottom of the jar. Absorbent cotton or other 
wicking material was not used because such condi- 
tions would be difficult to reproduce. 

Procedure. — Two A (0.002 ml.) of the 1% sample 
solution was added to the paper strips. An attempt 
was made to keep the spots uniformly small. After 
the spots had dried the strips were placed in the jar. 
The top was replaced rapidly and they were allowed 
to equilibrate for one-half hour before the buffer 
was added. The strips were removed two hours 
later and allowed to air dry. They were then 
spraj'ed with a dilute solution of NaOH in 50% 
alcohol. The spots were then viewed in visible and 
ultraviolet light. The Rf values were determined 
for the point of greatest intensitjL 

Cellulose Column 

Preparation of Column. — A chromatography 
column 14 X 800 mm. was used. It was equipped 
with a stopcock and a fritted glass disk as a cellulose 
support. A slurrj' of cellulose powder and water 
was poured into the column with 5 pounds of air 
pressure being applied after each of the small addi- 
tions. A water level ivas maintained such that the 
slurrj' being added did not disturb the top of the 
column. After packing to a height of 700 mm. it 
was washed carefull.v with 0.5 M phosphate buffer. 
A buffer of pH 11.0 was used for phthaleins and pH 
8.0 buffer was used for fluoresceins. 

Operation of Column. — The sample to be chroma- 
tographed was prepared as a 0.5% solution in 0.5 M 
Na3P04. On the top of the cellulose 0.02 cc. of the 
sample was placed. The chosen buffer was then 
added carefully such that the sample was washed 
into the column. Hydrostatic pressure was used 


Table I. — R/ Values found Using 0.5 M Phos- 
phate Buffers 

Compound 

pH 8.5 

11.0 

Tetraiodofluorescein 

0.01 


Tetrabromofiuorescein 

0.05 


Diiodofluorescein 

0.11 


Dibromofluorescein 

0.12 


TJnsj^m. Dibromofluorescein 

0.15 


Diiodotetrachlorofluorescein 

0.16 


Nitrofluorescein“ 

0.25,0.35 


Fluorescein 

0.41 


Tetrabromophenoltetrabro- 

mophthalein 


0.18 

o-Phenjdphenolphthalein 


0.22 

Dibromophenoltetrabromo- 

phthalein 


0.34 

Tetraiodophenoltetra- 

chlorophthalein 


0.35 

Phenoltetrabromophthalein 


0.43 

Tetrabromophenoltetra- 

chlorophthalein 


0.45 

Diiodophenoltetrachloro- 

phthalein 


0.48 

Dibromo-o-phenylphenol- 

phthalein 


0.50 

Dibromophenoltetrachloro- 

phthalein 


0.5G 

Phenoldibromophthalein 


0.63 

o-Cresoltetrachlorophthalein 


0.65 

Phenolphthalein 


0.65 


° Phenol condensed with 4-nitro phthalic acid yields two 
isomers. 
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TUBE NUMBER 

Figure 1. 

to maintain a 40-cc. per hour rate of flow. An 
automatic fraction collector was used to collect 10 
drops per tube. 

Evaluation of Effluent. — Five cubic centimeters of 
distilled water was added to each tube and the opti- 
cal density at 625 mp determined on a Fisher Elec- 
trophotometer. 


DISCUSSION 

The Rf values given in Table 1 are approximate 
since no attempt was made to attain complete 
equilibration or to maintain a constant temperature. 
Results are easih' reproduced, however, if the paper 
strips are equilibrated uniformly each time prior to 
adding buffer to the troughs. Several e.xperiments 
were run on the fluoresceins using a wide range of 
buffers. This had little or no effect since the same 
Rf values were obtained at pH’s of S.O, S 5, and 9.0. 
The effect of using more dilute buffers (0 05 — ^ 
0.005 ill) was to cause tailing of the spots. The 
results obtained using I.O, 0.6, and 0 1 il/ buffers 
were practically identical. 

A cellulose column was used to separate the two 
isomeric nitrofluoresceins obtained by condensing 
4-nitrophthalic acid and resorcinol. The buffer 
used was 0.5 M phosphate at pH 8.0, A procedure 
has been described for the separation of the amino- 
fluorescein isomers, using «-butanoland cyclohe.\one 
with a column of buffered Hyflo-Supercel (3). 

Figure 1 shows the results of applying a known 
solution of phenoltetrabromophthalein and phenol- 
dibromophthalein to a cellulose column, using the 
procedure outlined in the experimental section. 
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Some m Vitro Effects of Chlorpromazine, Lysergic 
Acid Diethylamide, and 5 -Hydroxy tryptamine 
on the Respiration of Rat Brain* 

By WESLEY C. STARBUCK and HAROLD C. HEIM 


Chlorproraazine, it: vitro, produced a marked inhibition of oxygen uptake of brain 
homogenates while serotonin elicited only a slight inhibition. Lysergic acid di- 
ethylamide did not alter respiration nor did this compound evoke any effect on the 
inhibition caused by chlorpromazine or serotonin. It was found that the intra- 
peritoneal administration of chlorpromazine did not alter brain serotonin levels and 
that brain from the treated animals respired at the same rate as that from untreated 

animals. 


TVyrANY years ago it was shown that certain 
drugs produce effects on oxidative processes 
of the brain, in vitro (1). Extension of this work 
by numerous investigators has led to the liy- 
potlicsis that the mechanism of action of drugs 
which e.xerl effects on the brain can, at least in 
part, be explained in terms of the effects pro- 
duced by the dnigs on enzjnnatic processes 
ill vivo. In 1943 (2) it was observed that lysergic 

* RcctKcd September 15, 195S, from the UnivcisUy ol 
Colorado, CoIIoRcof Pharmacy. Boulder 

Grateful ncVnowlcdKmcnt is pven Dr L C Kicr, Chief 
Toxicolopi*^, City and County of Den\er, for the use of the 
AonncoOloirman Spectrofluorophotomcler. 


acid diethylamide (LSD) produced hallucino- 
genic effects. This compound represents only 
one of a series of drugs which have been known, 
for centuries, to produce mental aberrations fol- 
lowing administration. The isolation of 5- 
hydroxytrj'ptamine (5-HT) from brain (3) led to 
the suggestion that this compound might be, 
in some way, involved in brain function (4). 

It has been postulated that mental aberrations 
induced by LSD might be due to a metabolic 
antagonism between LSD and a-HT (5). I 
lias been shown that the administration of r« 
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serpine is followed by a release of 5-HT in 
brain (6) and that the elTects elicited on the 
central nervous system by either 5-HT or re- 
serpine are blocked by LSD (7). Several in- 
vestigators have reported that the administra- 
tion of chlorpromazine does not cause the re- 
lease of 5-HT (8). It has been reported that 
chlorpromazine has a potentiating effect upon 
the narcosis produced by barbiturates and by 
ethanol, and this same potentiating effect has 
been observed with 5-HT (9, 10), The same 
authors report that LSD antagonizes the po- 
tentiating effects of 5-HT on narcosis induced 
by barbiturates. It also has been found that 
LSD antagonizes the potentiating effect produced 
by chlorpromazine upon barbiturate-induced 
narcosis (10). Some studies have revealed that 
chlorpromazine inhibits oxygen uptake by brain, 
m vitro (11, 12), and the suggestion has been 
made that the barbiturates maj' elicit their 
effects on the brain bj’- interfering with cellular 
metabolic processes (13). 

Because the mechanisms by which 5-HT, 
LSD, and chlorpromazine produce their effects 
are not well understood, it was decided to study 
the effects of these drugs, singly and in combina- 
tion, upon the respiration of brain homogenates. 

EXPERIMENTAL 

Adult Sprague-Dawley rats of either sex and 
weighing approximately 250 Gm. were used as the 
experimental animals in this study. Each animal 
was killed by decapitation after which the brain 
was immediately removed, washed, blotted dry, 
and weighed. The brain was then transferred to a 
glass homogenizer immersed in an ice bath and 
containing sufficient 0.05 M phosphate buffer, pH 
7.4, so that 0.3 ml. of homogenate contained 60 
mg. fresh tissue. 

The substrate was a solution containing a mixture 
of pyruvate and fumarate prepared by dissolving 
the required amount of fumaric acid in sufficient 
10 N NaOH to effect solution after which 50 ml. of 
distilled water was added. Sufficient sodium p 5 'ru- 
vate was then added and the pH of the solution 
ivas adjusted to 7.4 with dilute HCI. The volume 
of the solution was then made to 100 ml. with dis- 
tilled water. The substrate and reagents used in 
this stud 3 ' were identical to those used by Bernsohn 
(12). 

The flasks contained 0.1 ml. 0.02 M ATP; 0.1 
ml. 0.27 M MgCb: 0.3 ml. 0.23 jlf glucose; 0.3 
ml. 10“^ M eyctochrome C; 0.3 ml. 0.23 M KF; 
0.3 ml. 0.03 M substrate; and 0.3 ml. homogenate. 
In those experiments where drugs were added to the 
flasks, 0.15 ml. 0.01 jlf chlorpromazine; 0.3 mi. 
0.01 M 5-HT; or 0.3 ml. 10"’ M to lO’® M LSD 
was added. The volume of fluid in all flasks was 
then adjusted to 3.0 ml. with 0.05 M phosphate 
buffer. In the experiments where endogenous 
respiration was determined, the fumarate-pj'ruvatc 
mixture was replaced by buffer. 


Oxygen consumption was measured by the direct 
method of Warburg. The temperature of the bath 
was 37°, the gas phase was air, and the equilibra- 
tion period was ten minutes. At least eight animals 
were used for each experiment and all measurements 
were performed in triplicate. 

To some of the animals chlorpromazine, 25 mg./ 
Kg., was administered intraperitoneally. An hour 
after the administration of the drug these animals 
were sacrificed and the brains homogenized as 
outlined above. 

In the experiments where the brains were used for 
determination of 5-HT as well as for measurement 
of oxygen uptake, two animals were sacrificed. 
Both brains were homogenized together in two 
volumes of cold distilled water. Equal volumes of 
this homogenate and buffer were mixed and used as 
before for the measurement of oxj-gen uptake. 
Enough homogenate was mixed with buffer so that 
at least six different flasks could be run. The rats 
used in alternate experiments were injected with 
chlorpromazine, 25 mg./Kg., intraperitoneally. 
The other rnns were considered to be controls. 

For the determination of 5-HT the method of 
Udenfriend, et al. (14), was used, samples being 
analj'zed with the Aminco-Bowman Spectrofluoro- 
photometer. Four and one-half milliliters of homog- 
enate were used for each determination. 

RESULTS AND DISCUSSION 

All experimental results ivere subjected to 
statistical analysis and the standard er ror, E, 
determine d from the equation E = y/sdVIti- 
(w — 1)]. Results were considered to be signifi- 
cant if fiii — vh > 2-\/£ri -f- £ 2 *. The results 
are reported in Table I. 


Table I 


Drug 

Mm." Oi 
UptaIce /50 mg. 
Tissue/60 min. 

Inhibition, 

% 

None 

171 ± 6 


Chlorpromazine 
(5 X 10-“ M) 

15 ± 1 

91 

Chlorpromazine (5 X 
10-' M) plus 5-HT 
(10-3 M) 

33 ± 2 

81 

5-HT (10-3 M) 

144 ± 3 

16 

LSD (10-3 if) 

154 ± 8 

10 

Chlorpromazine (5 X 
10-3 M) plus LSD 
(10-' M) 

13 ± 1 

92 

5-HT (10-3 M) plus 
LSD (lO-' M) 

147 ± 4 

14 

Chlorpromazine (25 
mg./Kg. injected in- 
traperitoneally) 

166 ± 7 

3 


It will be seen from Table I that chlorpromazine, 
at the stated concentration, produced approximately 
90% inhibition of respiration, in vitro. This 
result confirms the finding of Bernsohn (12), who 
suggested that the inhibition of oxygen uptake is 
produced through interference, by chlorpromazine, 
ivith the hj'drogen transport system. AVhen 
chlorpromazine, 25 mg./Kg., was administered 
intraperitonealL’ to rats the oxj'gen uptake of 
homogenates prepared from the brains of these 
animals was not significantly different from that 
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obtained with homogenates prepared from brains 
of animals to which the drug had not been adminis- 
tered. The dose of chlorpromazine used was one- 
third of the reported Id-dajf LDm (15) and was 
chosen because it iras felt that such a high dose 
would be sufficient to demonstrate any effects on 
respiration due to chlorpromazine. The failure of 
the drug, at this dosage level, to exhibit inhibition 
of respiration would tend to cast doubt on the con- 
cept that the in vivo effects of chlorpromazine are 
due to an interference with the utilization of oxygen. 
If the assumption is made that the distribution of 
chlorpromazine in rat brain is similar to the dis- 
tribution in dogs, as reported by Salzman and 
Brodie (16), the concentration in rat brain, an hour 
after the intraperitoneal administration of 25 mg./ 
Kg. would be of the order of 3 X 10 j1//100 mg. 

of brain. Bernsohn (12) found that concentrations 
greater than 10 “* M were necessary in order to 
demonstrate inhibition of oxygen uptake of brain, 
in vitro. The concentration of chlorpromazine 
necessary to produce inhibition of respiration, in 
vitro is, therefore, in excess of the usual therapeutic 
dose if a uniform distribution of the drug in the 
brain is assumed. It has been reported, however, 
that all of the areas of the brain are not equally 
susceptible to chlorpromazine (17), and that some 
areas may be more sensitive to this drug than are 
other areas. 

The addition of 5-HT to the Warburg vessels 
produced a slight inhibition of oxygen uptake. 
Although the inhibition produced was found to be 
significant, it would seem improbable that so slight 
an inhibition could be considered the primary 
mechanism whereby S-HT produces in vivo effects. 
When 5-HT was added to those flasks containing 
chlorpromazine, a slight reversal of the inhibitorj- 
effect of chlorpromazine was observed. It seems 
of interest to note that the contractile effect elicited 
by 6-HT on smooth muscle is antagonized by 
chlorpromazine (18). It has been shown, however, 
that reserpine appears to cause a release of 5-HT in 
brain (6) and that reserpine and chloroproraazinc 
produce similar, rather than antagonistic, effects on 
the central nervous system (9). 

When LSD was added to the flasks no significant 
alteration in respiration was obseiwed. This find- 
ing would be in agreement with the belief of Bain 
(19) but in opposition to the results obtained by 
Mayer-Gross, cl at. (20), who reported that 10”’ 
M LSD produced a 30% stimulation of respiration, 
in vitro. These results would also tend to be in 
keeping with the evidence that LSD has no effect 
upon the duration of narcosis produced by bar- 
biturates (7), especially since the interference with 
respiratory processes has been suggested as a mode 
of action of the barbiturates, in vivo (13). It was 
also noted during this study that the addition of LSD 
to flasks containing either 5-HT or chlorpromazine 
had no significant effect upon the inhibition of 
respiration produced by these two drugs. LSD is. 


how'cver, able to reverse the potentiating action 
of 5-HT and of chlorpromazine upon the narcosis 
produced by barbiturates (10). 

It was determined that the level of 5-HT in rat 
brain was approximately 4 X 10"® p.V per Gm. of 
brain. The previous intraperitoneal injection of 
chlorpromazine, 25 mg./Kg., produced no ap- 
preciable effect on the 5-HT levels. This finding 
corroborates that of Brodie (8), who found that 
chlorpromazine does not cause the release of 5-HT in 
the brain. 


SUMMARY 


1. The effects of chlorpromazine, 5-HT, and 
LSD on the oxj'gen uptake of rat brain homogen- 
ate have been studied. 

2. Chlorpromazine was found to produce a 
marked inhibition of o.xj'gen uptake. 5-HT 
produced a slight inhibitory effect. 

3. LSD produced no significant effect upon 
the respiration of the homogenates. 

4. The inhibition elicited by chlorpromazine 
or by 5-HT was not altered by LSD. 

5. Chlorpromazine, when administered in- 
traperitoneally, elicited no significant effect on 
respiration of the homogenates. 

6. Chlorpromazine, when administered intra- 
peritoneally, did not alter the concentration of 
5-HT in the brain. 
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Convulsant Properties of 
Oral Pentylenetetrazol Mixtures* 


By EUGENE A. CONRADf, J. MAXWELL LITTLE, and GEORGE H. ARMSTRONG 

Mice received during a three-day period oral pentylenetetrazol, reserpine, and niacin 
singly or in combination prior to challenge with oral pentylenetetrazol. Niacin 
(20 mg./Kg./day) and pentylenetetrazol (50 mg./Kg./day) did not significantly in- 
fluence the challenge CD50 and TD50. Reserpine (8 mg./Kg./day) induced an ap- 
parent lowering of CD 50 and a significant decrease in TDso; dietary limitation led to 
similar results. The administration of a mixture containing the above concentra- 
tions of pentylenetetrazol and niacin, and reserpine 0.5 mg./Kg./day did not sig- 
nificantly affect the subsequent challenge CD50 and TDso. 


' I Thompson and proctor (1) observed a clinical 
improvement in 46 of 60 elderly psychiatric 
patients treated with subconvulsive dosages of 
pentylenetetrazol-niacin mixtures. The potent 
tranquillizing action of reserpine suggested the 
addition of this drug might improve the thera- 
peutic effectiveness of the above mixture. 
Although reserpine possesses ataractic properties, 
Chen and Bohner (2), and others, reported a 
lowered threshold for pentylenetetrazol con- 
vulsions following premedication with toxic 
doses of reserpine. For this reason, the present 
experiments were designed to study the influence 
of oral reserpine alone, or in combination with 
pentylenetetrazol and niacin, on the convulsant 
seizures induced subsequentlj’- by challenge with 
oral pentylenetetrazol. 

MATERIALS AND METHODS 

Healthy female albino mice weighing 18-25 Gm. 
were used throughout this study. The animals were 
fed ad libitum except during the times noted in the 
dosage schedule. 

Pentylenetetrazol and niacin were dissolved in 
physiological saline solution in such concentrations 
that 1 cc. would be administered by stomach tube per 
25 Gm. of animal weight. Reserpine or it's combi- 
nations were prepared similarly by suspension in 
0.5% aqueous methylcellulose solution using a glass 
Potter-Elvehjem homogenizer. 

During the three-day premedication period the 
mice were fasted each day for three hours (9 a. m.- 
noon) and then given, orally, one-half the daily dose 
of reserpine, or pentylenetetrazol, or a combination 
of both with niacin; the fast was continued until 4 
p. m. when the oral administration was repeated and 
the animals allowed to eat ad libitum. Such regi- 
mens led to a significant change in final body weight; 
therefore, the influence of dietary restriction alone 
was also investigated. One group of mice was per- 
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mitted access to a limited amount of food in order to 
lead to a weight loss of 15-20% during a three-day 
period. 

On the fourth day of the experimental period, the 
mice were fasted for three hours and then challenged 
with varying doses of oral pentylenetetrazol ; a min- 
imum of 10 mice were employed for each dosage. All 
mice were observed for thirty minutes following chal- 
lenge. The numbers of animals showing clonic and 
tonic convulsions were noted and the results ana- 
lyzed by the method of Litchfield and Wilcoxon (3). 


RESULTS 

Premedication with oral pentylenetetrazol, niacin, 
or reserpine led to significant changes in final body 
weight as noted in Table I. The subacute adminis- 
tration of a subthreshold dose of pentylenetetrazol 
induced a gain while the other regimens resulted in a 
loss in body weight. 

Previous treatment with subconvulsive amounts of 
pentylenetetrazol or niacin did not influence signifi- 
cantly the CDso or TD 50 of pentylenetetrazol ehal- 
lenge. Reserpine (0.5 mg./Kg./day) administered 
alone induced a lowering of TDso (borderline signifi- 
cance); however, the mixture containing this 
amount of reserpine did not significantly influence 
the TDso. The higher dose of reserpine (8 mg./ 
Kg./day) led to an apparent lowering of CDso and 
significant decrease in TDso. 

The limitation of daily dietary intake resulted in a 
significantly lowered threshold for tonic convulsions 
and an apparent decrease in CDso. 

DISCUSSION 

The data presented confirm the previous observa- 
tion of a lowered threshold for pentylenetetrazol 
tonic seizures by subacute premedication with toxic 
dosages of reserpine. Jenney and PfeiflFer (4) re- 
ported a 46% decrease in pentylenetetrazol threshold 
following dosing with reserpine (50 mg./Kg./day) 
for nine days; in the present study, premedication 
with 8 mg./Kg./day for three days led to a 34% dim- 
inution in TDso. This alteration in threshold may 
be due, in part, to the accompanying metabolic 
changes (as reflected in body weight loss) resulting 
from reserpine toxicity; the percentage lowering of 
TDio noted following dietary limitation closely re- 
sembles that noted after premedication with reser- 
pine 8 mg./Kg./day. 


254 
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Table 1. — ^The Influence of Subacute Premedication on Coni'ulsions Induced by Oral 

Pentylenetetrazol 


Daily Regimen 

Change m Body Weight, % 

Clonic Dosew 

Tonic Dosew 

Control 

-fO 7(±0 S)‘ 

89(78-101)“ 

134(120-149) 

(131)“ 




P-50’' 

-f5 4(±1 1) 

108(92-127) 

142(123-163) 

(40) 

P<0 01 

P>0 05 

P>0 05 

N-20' 

-4 2(±1 0) 

85(70-104) 

134(112-160) 

(47) 

P<0 01 

P>0 05 

P>0 05 

R-0 5' 

-6 1(±0 9) 

85(75-96) 

113(101-126) 

(47) 

P<0 01 

P>0 05 

P = 0.05 

R-8 

-10 6(±1 3) 

66(51-88) 

88(76-103) 

(40) 

P<0 01 

P = 0 05 

P<0.05 

P, N, R- 

-4 3(±0 7) 

78(64-95) 

125(111-141) 

0 5 (75) 

P<0 01 

P>0.05 

P>0.05 

Diet limi- 

-19 4(±0 8) 

69(60-80) 

83(70-99) 

tation 

(49) 

P<0 01 

P<0 05 

P<0.05 

** Number of animals tested 


S D. 

and S E. =» — “ 

Vn 


Mean \alues d: S E as 

computed by S D — 

V N 

probability values determined from 


Fjsher’s table of t 

c mg /Kg body weight, confidence limits for 19/20 cases m parentheses 

rf . A,.. . /I-O 

/Ri 


Premedication with reserpine (0 5 mg /Kg /day) 
alone or admixed with niacin and pentylenetetrazol 
failed to induce a highly significant lowering of 
CDso or TDso This concentration of reserpine rep- 
resents an amount greater than the maximal chronic 
oral tolerated doses noted in mice by Schneider (5); 
the latter was based on changes in growth rate and 
survival time (0 ) Also, it has been observed in clin- 
ical trials that chronic administration of an oral mix- 
ture of pentylenetetrazol, niacin, and reserpine to 
senile psj-ciiotics did not precipitate convulsive 
seizures (7). 


SUMMARY 

Subacute premedication with an oral mixture 
containing pentylenetetrazol, niacin, and a 
therapeutic dose of reserpine did not significantlj' 
influence the CDm or TDso of subsequent chal- 
lenge with oral pentylenetetrazol. A limitation 
of dietarj* intake sufficient to induce a loss of 
15-20 per cent in final body weight induced a 
significant lowering of pentylenetetrazol TDso 


An apparent lowering of CDso "as noted in mice 
receiving a limited diet or reserpine 8 nig /Kg./day. 
Many of tliese animals showed, initially, several 
clonic jerks followed almost immediately lay a full 
tonic extension of tlie hind limbs However, Clien 
and Bohiicr (2) did not observe a potentiation of 
clonic seizures in mice premedicated with reserpine 
(8 mg /Kg iiitraperitoneally) and cliallengcd with 
intravenous pentylenetetrazol 
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Convulsant Properties of 
Oral Pentylenetetrazol Mixtures* 

By EUGENE A. CONRADf, J. MAXWELL LITTLE, and GEORGE H. ARMSTRONG 

Mice received during a three-day period oral pentylenetetrazol, reserpine, and niacin 
singly or in combination prior to challenge with oral pentylenetetrazol. Niacin 
(20 mg./Kg./day) and pentylenetetrazol (50 mg./Kg./day) did not significantly in- 
fluence the challenge CDso and TDso. Reserpine (8 mg./Kg./day) induced an ap- 
parent lowering of CD^o and a significant decrease in TDto; dietary limitation led to 
similar results. The administration of a mixture containing the above concentra- 
tions of pentylenetetrazol and niacin, and reserpine 0.5 mg./Kg./day did not sig- 
nificantly affect the subsequent challenge CDso and TDso. 


^ I ’hompson and proctor (1) obseiA'ed a clinical 
improvement in 46 of 60 elderly psychiatric 
patients treated with subconvulsive dosages of 
pentylenetetrazol-niacin mixtures. The potent 
tranquillizing action of reserpine suggested the 
addition of this drug might improve the thera- 
peutic effectiveness of the above mixture. 
Although reserpine possesses ataractic properties, 
Chen and Bohner (2), and others, reported a 
lowered threshold for pentylenetetrazol con- 
vulsions following premedication with toxic 
doses of reserpine. For this reason, the present 
experiments were designed to study the influence 
of oral reserpine alone, or in combination with 
pentylenetetrazol and niacin, on the convulsant 
seizures induced subsequently by challenge with 
oral pentylenetetrazol. 

MATERIALS AND METHODS 

Healthy female albino mice weighing 18-25 Gm. 
were used throughout this study. The animals were 
fed ad. libitum except during the times noted in the 
dosage schedule. 

Pentylenetetrazol and niacin were dissolved in 
physiological saline solution in such concentrations 
that 1 cc. would be administered by stomach tube per 
25 Gm. of animal weight. Reserpine or it's combi- 
nations were prepared similarly by suspension in 
0.5% aqueous methylcellulose solution using a glass 
Potter-Elvehjem homogenizer. 

During the three-day premedication period the 
mice were fasted each day for three hours (9 a. m.— 
noon) and then given, orally, one-half the daily dose 
of reserpine, or pentylenetetrazol, or a combination 
of both with niacin; the fast was continued until 4 
p. ra. when the oral administration was repeated and 
the animals allowed to eat ad libitum. Such regi- 
mens led to a significant change in final body weight; 
therefore, the infiuence of dietary restriction alone 
was also investigated. One group of mice was per- 
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mitted access to a limited amount of food in order to 
lead to a weight loss of 15-20% during a three-day 
period. 

On the fourth day of the experimental period, the 
mice were fasted for three hours and then challenged 
W'ith varj’ing doses of oral pentylenetetrazol ; a min- 
imum of 10 mice were emplo 3 'ed for each dosage. All 
mice were observed for thirty minutes following chal- 
lenge. The numbers of animals showing clonic and 
tonic convulsions were noted and the results ana- 
b'Zed by the method of Litchfield and Wilcoxon (3). 


RESULTS 

Premedication with oral pentylenetetrazol, niacin, 
or reserpine led to significant changes in final body 
weight as noted in Table I. The subacute adminis- 
tration of a subthreshold dose of pentylenetetrazol 
induced a gain while the other regimens resulted in a 
loss in body weight. 

Previous treatment with subconvulsive amounts of 
pentylenetetrazol or niacin did not influence signifi- 
cantly the CDso or TDso of pentjdenetetrazol chal- 
lenge. Reserpine (0.5 mg./Kg./day) administered 
alone induced a lowering of TDso (borderline signifi- 
cance); however, the mixture containing this 
amount of reserpine did not significantly influence 
the TDso. The higher dose of reserpine (8 mg./ 
Kg./day) led to an apparent lowering of CDso and 
significant decrease in TDso. 

The limitation of daily dietary intake resulted in a 
significantly lowered threshold for tonic convulsions 
and an apparent decrease in CDso. 

DISCUSSION 

The data presented confirm the previous observa- 
tion of a lowered threshold for pentjdenetetrazol 
tonic seizures by subacute premedication with toxic 
dosages of reserpine. Jenney and Pfeiffer (4) re- 
ported a 46 % decrease in pentylenetetrazol threshold 
following dosing with reserpine (50 mg./Kg./day) 
for nine daj's; in the present studjL premedication 
with 8 mg./Kg./day for three days led to a 34% dim- 
inution in TDso. This alteration in threshold maj' 
be due, in part, to the accompanjdng metabolic 
changes (as reflected in body’ weight loss) resulting 
from reserpine toxicity; the percentage lowering of 
TDso noted following dietary limitation closelj' re- 
sembles that noted after premedication with reser- 
pine 8 mg./Kg./daj’. 
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Table I — The Influence of Subacute Premedication on Convulsions Induced bv Oral 

Pentylenetetrazol 


Daily Regimen 

change in Body Weight. % 

Clonic Dose&i) 

Tome Dosew 

Control 

-i-o 7(±0 8)'’ 

89(78-101)' 

134(120-149) 

(131)“ 

P-50'' 

-f 5 4(±1 1) 

108(92-127) 

142(123-163) 

(40) 

P<0 01 

P>0 05 

P>0 05 

N-20‘ 

-4 2(±1 0) 

85(70-104) 

134(112-160) 

(47) 

P<0 01 

P>0 05 

P>0 05 

R-0 5 ' 

-6 1(±0 9) 

85(75-96) 

113(101-126) 

(47) 

P<0 01 

P>0 05 

P = 0 05 

R-8 

-10 6(±1 3) 

66(61-86) 

88(76-103) 

(40) 

P<0 01 

P = 0 05 

P<0 05 

P, N, R- 

-4 3(±0 7) 

78(64-95) 

125(111-141) 

0 5 (75) 

P<0 01 

P>0 05 

P>0.05 

Diet limi- 

-19 4(±0 8) 

69(60-80) 

83(70-99) 

tation 

P<0 01 

P<0 05 

P<0.05 


(49) 


“ Number of animals tested 
& Mean values S £ as computed by S D 




£(x - m)g 
N 


and S £ 


S I> 

"rr probability values determined from 

Vif 


Fisher’s table of t 

®n}g/Kg body treiffht, confidence limits for 19/20 cases in parentheses, 
d Pentylenetetrazol vSO mg /Kg /day) 

* Niacin (20 mg /Kg /day) 
f Reserpine (0 5 mg /Kg /day) 


Preracdication with reserpine (0.5 mg /Kg /day) 
alone or admixed with niacin and pentylenetetrazol 
failed to induce a highly significant lowering of 
CDso or TDso This concentration of reserpine rep- 
resents an amount greater than the maximal chronic 
oral tolerated doses noted in mice by Schneider (5); 
the latter was based on changes in growth rate and 
survival time (6) Also, it has been observed in clin- 
ical trials that chronic administration of an oral mix- 
ture of pentylenetetrazol, niacin, and reserpine to 
senile psychotics did not precipitate convulsive 
seizures (7) 


SUMMARY 

Subacute premedication with an oral mixture 
containing pentylenetetrazol, niacin, and a 
therapeutic dose of reserpine not significant!}’- 
influence the CDa> or TDso of subsequent chal- 
lenge with oral pentylenetetrazol. A limitation 
of dietarj’ intake sufficient to induce a loss of 
15-20 per cent in final body weight induced a 
significant lowering of pent)'lenetetrazol TDm. 


An apparent lowering of CDso was noted in mice 
receiving a limited diet or reserpine 8 mg /Kg /day 
Many of these animals showed, initially, several 
clonic jerks followed almost immediately by a full 
tonic extension of tlie hind limbs. However, Chen 
and Bohner (2) did not obserx'e a potentiation of 
clonic seizures in mice premcdicated with reserpine 
(8 mg /Kg iiilraperitoneally) and challenged wdth 
mtrax cnous pentylenetetrazol 
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A Note on the Alkaloids of Vinca rosea Linn, {Catharanthus roseus 

G. Don.) IP 

Catharanthine, Lochnericine, Vindolinine, and VindoHne 

By MARVIN GORMAN, NORBERT NEUSS, GORDON H SVOBODA, ALBERT I. BARNES, Jr 

and NANCY J. CONE 


V ARIOUS INVESTIGATORS have isolated from Vtnca 
rosea Lmn the known alkaloids ajmalicme 
(1-4), akuammine (2), tetralij droalstonine (1, 4), 
serpentine (3, 4), loelmerine (1-3), and reserpme 
(5) In addition to these the nen alkaloids, vindo 
line (6) and vincaleueoblastine (7), have been re- 
ported In an earlier communication one of us has 
confirmed the presence of tetrahydroalstonine, 
ajmalicme, and lochnerme and reported the isolation 
of three new compounds leurosme, penvine, and 
virosine (1) 

Since that time we have been able to isolate from 
this plant* three additional, apparently new alka 
loids catharanthine, lochnericine, and vindolinine, 
as well as confirming the presence of vincaleucoblas- 
tme, serpentine, and vmdohne 

The present note describes the characterization of 
these three new alkaloids as well as the partial 
structure of vmdoline 

Chromatography of a larger batch (1) of the 
weakly basic fraction yielded the following alkaloids 
m the order of their elution catharanthine, vindo 
linine, tetrahj droalstonine, ajmalicme, vmdoline, 
leurosme, vincaleueoblastine, and virosine ^ Loch- 
nericine IS obtained by the chromatography of an 
alkaloidal fraction prepared from a hexane extract 
of the plant Serpentine was isolated as its nitrate by 
chromatography of the strong bases obtained from 
an alkaline benzene extract (1) 

Catharanthine crystallizes from methanol, m p 
126-128°, [a]“J = -1-29 8° (CHCl,), pK'a = 68 
(66% DMF), and is a CnHjiOjNa compound It 
forms different solvates depending upon conditions 
accompanying crystallization and drying 

Anal— Ca\cd for CjiHjiOzNj H-O C, 7116, 
H, 7 39, N, 7 90 Found C, 71 02, H, 7 38, N, 
7 71 

Its sulfate recrystalhzed from alcohol, m p 164- 
167° (decompn ) 

Ajiaf— Calcd for C-1H24O2N2 ‘AHjSOi 
C, 63 94, H, 6 64, N, 7 10, S, 4 06 Found C, 

64 03, H, 6 76, N, 6 91, S, 3 90 

The two oxygen atoms of catharanthine are con- 
tained in a carbomethoxyl moiety as evidenced by 
the reduction with lithium aluminum hydride to 


* Received March 17, 1959 from Lilly Research Labora- 
tories and Organic Chemical De\ elopment Eli Lilly and Co 
Indianapolis Ind 

The authors are grateful to Dr H E Boaz Mr Lee 
Howard and Miss Martha Hofmann for spectral data and 
electrometric titrations Miss Ann Van Camp for X ray data 
Miss Ruthanne Miller and Messrs R J Armstrong A T 
Oliver and George Johnson for laboratory assistance and 
Messrs W L Brown R Hughes H L Hunter and G M 
Maciak for microanaljses We should like to thank Dr 
Noble for an authentic sample of vincaleueoblastine sulfate 
and Drs Janot and Le Men for their sample of Mndoltnine 
The> ha\ e isolated this compound independentl> from us and 
will publish their results elsewhere The name of the com 
pound howe^er has been chosen by mutual agreement 

t The drug used in this study was obtained from Meer 
Corp and was botamcally authenticated b> Dr V H Madis 
2 All known alkaloids were identified by comparison of 
melting points X lay powder diffraction patterns infrared 
and ultraviolet spectra v,ith those of the authentic specimen 


give catharanthmol, m p 227-228° (decompn ) 
from methanol 

Anal— Ca\cd for C.oH240N2 C, 77 88, H, 7 84, 
N, 9 08, mol wt , 308 4 Found C, 77 73, H, 
7 85, N, 8 85, mol wt , 309 3 (X ray data) 

The base readily forms a methiodide with excess 
methyl iodide m benzene Crystallization from 
methanol J lelds material m p 232-234° (decompn ) 
A«a/— Calcd for C2iH2402N2 CHjI C, 55 23, 
H, 5 69, N, 5 86, I, 26 53 Found C, 55 07, H, 
5 63, N, 5 89, I, 26 71 

The ultraviolet spectrum of catharanthine is tj pi 
cal of an unsubstituted (8) indole alkaloid 
226 mjj (log flir 4 56), 284 m;i (log av 3 92), 292 mji 
(log a 3 88) , 250 m;i (log a ,, 3 39) 

Its infrared spectrum has the following character 
istic bands 2 92, 5 81, 7 92, 9 29 /i Catii 

aranthine readily absorbs one mole of hydrogen with 
Pt02 catalyst m alcohol, indicating an isolated 
double bond Thus the empirical formula of this 
alkaloid allows the assignment of its nucleus to a 
pentacychc fused ring system with the partial for 
mula I 

Ci9H.,N2(COOCH3) 

I 

Lochnericine crystallized from methanol, m P 
190-193° (decompn), [ajy = -432° (CHCli), 
pK'a =4 2 (66% DMF) 

Aim/ — Calcd for C2 iH 2403N2 C, 71 57 H,6 8G, 
N, 7 95, mol wt , 352 4, (1) OCH,, 8 86 Found 
C, 71 49, 71 43 H, 6 97, 6 71, N, 8 10, mol wt , 
352 (X ray data), (1) OCHs, 9 10 



COOCHj 

II 

The spectral properties of lochnericine, as well as j j 
the high negative value for its rotation, indicate jj 
that this alkaloid contains the same type of chro I 
mophore (II) as tabersonine (9), akuammicine (10), t 
and echitamidme (9) t 

The ultraviolet spectrum is characterized by the 
following absorption 226 m/i (log av 4 00), j 

297 m^i (log ov 4 04), 327 mji (log om 4 23), j 

215 m/i (log a V 3 90), 256 mfi (log aw 2 86), 305 raji 
(log av 4 03) 17 

The infrared spectrum in CHCh solution shows j j 
the following prominent bands X™”’ 2 96, 3 40, 

3 59, 5 96, 6 19, 7 97 /I ^ 

Vindohmne could not be induced to crystallize as 
a free base Its dihydrochloride crystallizes readily 
from methanol ether, m p 210-212 (decompn ), 
IccK = -8° (H2O), pK'a = 3 3, 7 1 (66% DMF) 
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LiAlH^ 

Vindolinol (IV) < Vindoline (III) 


AciO 

> VindoIine-0-acetate (V) 

Py 




fCHsOH 

fCOOCH, 

fCOOCHs 

OH 

jOCOCHj 

OCOCHi 

PCH, 

C;;H.;N40CH, 

CjjH^jX.lOCH, 

(OH 

[OH 

(OCOCH, 


HCl 


Ac;0 ^ 


Desacetylvindoline VI 

fCOOCH, 

OH 

C-HjjNilOCHj 

lOH 


The ultraviolet spectrum is t3'pical of a dihj'- 
droindole alkaloid (11): 245 m/it (log ajr 3.83), 

300 mju (log o,v 3.37); 271 (log au 2.98). 

The infrared spectrum shows the following charac- 
teristic bands: X^i?' 5.77, 6,43, 8.21 y. 

AHttf.— Calcd. for C^,H:^-J60sN2■2HCI: C. 61.61; 
61.31; H, 6.40; 6.86; N, 6.84; 6.81; Cl, 17.32; 
17.24. Found: C, 61.54; 61.44; H, 6.56; 6.58; N, 
6.58; 6.64; Cl, 17.03. 

It forms a picrate which, when recrj'stallized from 
acetone-water, melts at 268-272° (decompn.). 

Ana/.— Calcd. for CjiHs.-jsOjNrCeHjOrN,: C, 
67.34; 67.14; H, 4.81; 5,16; N, 12,38; 12.34. 

Found; C, 57.01; H, 4.77; N, 12.31. 

Vindoline crystallizes from ether, m. p. 154-155°, 
[ajy = +42° (CHCU), pK'a = 5.5 (66% DMF), 
and is a Cj5H3206Nj compound. 

A«o/.— Calcd. for CjsHsaOeNj; C, 65.77; H, 
7.07; N,6.14. Found; C, 65.99; H,7.02; N,6.04. 

Its hydrochloride, recrystallized from acetone, 
melts at 161-164°. 

Ana/.— Calcd. for CjsHasOsNj-HCl; C, 60.90; 
H, 6.75; N, 5.68; Cl, 7.19. Found: C, 01.17; H, 
6.83; N,5.77; Cl, 6,99. 

The ultraviolet absorption spectrum of the alka- 
loid suggests a dihydroindole moiety (11): X®'®!' 212 
mp (log a.v 4.49), 250 rap (log a.v 3.74), 304 mp (log 

а. u 3.57); X®'™ 241 mp (log an 3.71), 274 mp (log 
an 3.02). 

Its infrared spectrum contains the following 
characteristic bands: X™®b 3,37^ 3.42, 3.51, 3.56, 
3.7-4.1 (shoulder), 5.74, 6.20, 8.1, 9,7, 12.0, 12.2 p. 

Vindoline readilj' forms an O-acetate with pyri- 
dine in Ac-O, m. p. 127-128.5°^; disappearance of 
shoulder 3.7-4. 1 in the infrared spectrum. 

Ana/.— Calcd. for C-jHatOTN-: C, 65.04; H, 

б, 87; N, 5.62; CH,CO (2), 17.27. Found: C, 65.03; 
H,6.99; N,5.43; CH3CO (2), 17.45. 

Lithium aluminum hydride reduction in a mix- 
ture of ether and tctrahydrofuran yields the cor- 
responding alcohol, vindolinol. 

The infrared spectrum showed no carbonyl ab- 
sorption and two new hvdroxvl bands were present: 
xS'.'.‘;h 2.84, 2.95 p, m. p. 172-176°.» 

Ana/.— Calcd. for C-jHsoOA’j: C, 68.34; H, 
7.82; N, 7.82. Found: C, 68.46; H. 7.85; N, 
7.40. 

Treatment of vindoline with concentrated hydro- 
chloric acid (eight minutes, rc6ux) removes the 


acetyl group with formation of desacetvlvindoline, 
m. p. ]56-157°5. X™f' 2.84 p. 

Ana/.— Calcd. for Ci.HmOsN;: C, 66.64; H, 
7.30; N, 6,76, Found: C, 66.61; H, 7.37; X, 
6.83. 

Reduction of desacetylvindoline with lithium 
aluminum hydride yields vindolinol, while acetyla- 
tion with acetic anhydride in pyridine gives vindo- 
line-O-acetate. 

Vindoline readily absorbs one mole of hydrogen 
with PtO: in alcohol indicating an isolated double 
bond. 

Simultaneous determination of O-CH3 and (X)- 
CHs (Zeisel) on vindoline and vindolinol gave the 
following results: 

Vindoline; Anal. — Calcd. for N'-CHs (1), 3.29; 
O-CH3 (2), 13,6. Found: N-CHj, 1.29; 0-CHs, 
18 29 

Vindolinol; Anal. — Calcd. for X-CHs (1), 3.89; 
O-CHj (1), 8.03. Found: X-CH3, 3.53; 0-CH,. 
11.29. 

Since the conversion of N- to 0-methyl is known 
(12), the results above indicate the presence of one 
N-CHj group and one O-CH3 ether in vindoline and 
its derivatives. 

Analyses of vindoline, its salts, and transforma- 
tion products allow establishing of partial struc- 
tures for these compounds (III-A'I) and clearly 
indicate that vindoline is a CijHjsOeNi compound 
containing a fused five-ring system, rather than a 
CjjHjiOjN: as postulated by Kamat, el al. (6). 

The work toward the structure elucidation of 
these alkaloids, now in progress in these laboratories, 
will be published later. 
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Book Notices 


Scale- Up in Practice. Edited by Richard Fleming. 
Reinhold Publishing Corp., New York, 1958. 
iv + 134 pp. 12.5 18.5 cm. Price $4.50. 

Pilot plant problems are discussed in this book. 
Chapters are included on the factors justifying the 
operation of pilot plants; a brief review of scale-up 
theory; simulating operation of processes and equip- 
ment with computers; the hazards involved in 
scale-up; the process and business eeonomics of 
scale-up; and organizing for scale-up. 

Psychopharmacology Frontiers. Edited by Nathan 
S. Kline. Little, Brown and Co., Boston, 
1959. x.xiii -1- 533. 15.5 x 23.5 cm. Price $10. 

This book is composed of a series of papers by 
experts in their respective fields which were pre- 
sented to a Psyehopharmacology Symposium of the 
Second International Congress of Psychiatry, held 
in Zurich, Switzerland, on September 2-4, 1957. 
This volume should serve as a reference book and as 
a working guide to the compex field of psycho- 
pharmacology. 

Psychotherapeutic Drugs. By Ashtos L. Welsh. 
Charles C Thomas, Springfield, 1958. xiii -t- 
139 pp. 15 X 22.5 cm. Price $4.75. 

This monograph is designed to describe the various 
psychotherapeutic agents, their indications for 
use, and their side effects. The book is divided into 
five parts, each part devoted to a discussion of one 
of the major groups of tranquilizers including 
phenothiazines, rauwolfia alkaloids, substituted 
propanediols, diphenylmethane derivatives, and 
ureides and amides. 

The Evaluation of Drug Toxicity. A Symposium. 
Edited by A. L. Walpole and A. Spinks. Little, 
Brown and Co., Boston, 1958. xi -|- 138 pp. 
15.5 X 23.5 cm. 

Included in this book is a group of papers pre- 
sented to a symposium held in October 1957 in ob- 
servance of the dedication of the new research 
laboratories of Imperial Chemical Industries 
(Pharmaceutical Division). Many phases of the 
evaluation of drug toxicity are discussed. 

C- Acetophenetidin. By Paul K. Smith. Interscience 
Publishers, New York, 1958. x -f- 180 pp. 
15.5 X 23.5 cm. Price 5.75. 

This monograph is the fourth in a series of critical 
reviews of the literature on analgesic and sedative 
drugs. The first volume dealt with acetanilid, the 
second with salicylates, and the third with anti- 
pyrine. In the monograph on acetophenetidin, 
a critical bibliographic review is presented which 
makes available all of the pertinent literature in a 
convenient form. It should serve as an aid to 
future investigators by calling their attention to the 
inadequacies of past work so that these may be a 
guide to planning more definitive experiments. 
Acetaminophen (N-acetyl-p-aminophenol), the 


major metabolite of acetophenetidin is believed 
to be responsible for the therapeutic activity of 
acetophenetidin. Because of the close relationship 
existing between these two drugs, the author has 
included in this volume many references to the 
increasing number of studies dealing with W-acetyl- 
^-aminophenol. 

Advances in Pest Control Research. Vol. II. Edited 
by R. L. Metcalf. Interscience Publishers, 
New York, 1958. vii -f- 426 pp. 15 .x 2 cm. 
Price $12.50. 

This is the second in a series of selected contri- 
butions by specialists in fields related to pest control 
research. The first volume of the series was re- 
viewed in This Journal, 47, 230(1958). The 
scope of Volume II is indicated by the chapter 
titles which are: The fluid kinetics of application 
of pesticidal chemicals; Innate toxicity of fungicides; 
Isotope dilution techniques for the determination of 
pesticide residues; Wool digestion and moth- 
proofing; The relation of chemical structure to 
activity for the 2,4-D-type herbicide and plant 
growth regulator; Chemical structure and activity 
of DDT analogues with special consideration of 
their spatial structures; and The spread of in- 
secticide resistance in pest species. 

Bacteriophages. By Mark H. Adams. Inter- 
science Publishers, New York, 1959. xviii + 
592 pp. 15 X 23 cm. Price $15. 

Phage research has had an erratic history, and 
this is probably the first comprehensive book on 
bacteriophages. It should be useful to every 
student of modern biology. 

Reversible Renal Insufficiency. Diagnosis and Treat- 
ment. By Donald H. Atlas and Peter Gaber- 
man. The William and Wilkins Co., Baltimore, 
1958. ix d- 233 pp. 14.5 x 21.5 cm. Price S7. 
This monograph on reversible acute and chronic 
renal insufficiency is intended to be of particular 
value to nephrologists, physiologists, and internists, 
as well as to general practitioners and medical 
students. It is a comprehensive review of the 
specific field. 

Year Book of Drug Therapy. 1958-59 Series. 
Edited by Harry Beckman. The Year Book 
Publishers, Chicago, 1959. 669 pp. 13 x 19.5 

cm. Price $7.50. 

This volume represents Dr. Beckman’s review of 
medical literature for the "series year” beginning 
September 1958. His concise, informative re- 
porting is up to his established high standards. 
Occasional editorial comments, such as his criticism 
of poor trial design for clinical testing of new 
neuropsychiatric tranquilizers and stimulants, are 
interesting. The series is a useful reflection of 
therapeutic progress, and is a valuable reference 
collection. Good indexes are appended. 
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intake will be reinforced by termination of the 
withdrawal distress and tend to be repeated. 

This experiment attempts to manipulate the 
withdrawal intensity in groups of rats during the 
course of escape training. Differing degrees of 
withdrawal intensity should be reflected in dif- 
ferent degrees of learning the instrumental act of 
escape. In this experiment, the escape response 
is drinking a morphine solution. 

PROCEDURE 

The experiment was conducted in a temperature- 
controlled room (72° F.). Thirty-nine female 

Sprague- Dawley rats weighing between 185 and 250 
Gm. served as subjects. To establish motivation 
(withdrawal s}'mptoms), daily intraperitoneal in- 
jections of morphine hydrochloride were started at 20 
mg./Kg. and increased by equal increments to 160 
mg. /Kg. on the 29th day. ' Nine rats died during 
this period. 

The remaining 30 morphine-tolerant, morphine- 
dependent rats were randomly assigned, 10 to group 
I and 20 to group II. Escape training cycles were 
then begun. In man, withdrawal distress reaches a 
peak forty-eight to ninety-six hours after the last 
opiate intake (12). Stanton (13) gives graphs which 
indicate that rats injected for four weeks show a peak 
of struggling when restrained during withdrawal 
which is similar to this time interval. Because of 
this, the escape training cycles were made three days 
long. Drinking the morphine solution reduced the 
current withdrawal symptoms and "re-set” the ani- 
mal for a return of the symptoms three days later. 
One complete training trial (or cycle) consisted of 
twenty-four hours with no liquids (0), twenty-four 
hours with an 0.5 mg./cc. morphine hydrochloride 
solution ( M ) , and twenty-four hours with tap water 
(IF). Training proceeded as in this sequence (illus- 
trating three trials and covering nine days) ; O, M, 
W, 0, M. W, 0, M, IF, etc. The rats were in- 
dividualb' caged and the solutions presented in 
100-ml. graduated drinking tubes randomly located 
in the right or left positions on the front of the cage. 

To test drug-seeking behavior, five choice tests 
were made in which two drinking tubes, one contain- 
ing water and the other morphine solution, were pre- 
sented simultaneously for a twenty-four hour period. 
Untrained rats refuse to drink the M solution, aver- 
aging 0.9 cc. under these conditions. For M con- 
sumption over 10 cc., the amount was read directly 
from the tube graduations. Amounts of M less than 
10 cc. ivere measured by refilling the tube using a hy- 
podermic syringe. Between the third and fourth, 
and between the fourth and fifth choice tests, the rats 
were removed from their individual, wire bottomed 
cages and placed in one large, straw litter-bottomed 
cage. 

In previous experiments (3) it had been found that 
rats which drank less than 35 cc. of M on half or more 
of tneir training trials also drank very little (mean 
was 1.8 cc.) on their choice tests. In contrast, rats 
which drank more than this level averaged 13.6 cc. 
of M on their choice tests. This is consistent with 
the experimental design. A certain minimal mor- 
phine-intake is necessary to maintain tolerance. 


phj'sical dependence, and thus, withdrawal symp- 
toms from trial to trial during the training period. 

Because of the small groups in this experiment, it 
was felt that these “minimal drinkers” could seriously 
reduce the precision of the experiment. Accordingly, 
a somewhat conservative rejection criterion was es- 
tablished. Rats which drank less than 20 cc. on half 
or more of their training trials continued to receive 
their assigned treatment and choice scores were ob- 
tained from them ; but their scores W'ere eliminated 
from statistical consideration when computing the 
main effects of the experiment. 

All rats received the escape training treatment. 
In addition, the 20 rats in group II received three 
small morphine injections (2 mg. ea.) per cycle. Two 
injections were given on day (0) six and one-half 
and one and one-half hours before the beginning of 
day (j 17). The third injection was given on day (IE) 
eight hours after the end of day (il7). 

After the first choice test, group II was randomly 
divided into two equal subgroups: IIA and IIB 
Subgroup IIA continued the injection schedule 
given above for Group II. In IIB, the injection one 
and one-half hours before day (il/) was eliminated. 
A new injection for IIB was then added one hour af- 
ter the beginning of day (0). This new injection 
time Was about midway between the two remaining 
original injection times. IIA and IIB continued 
these schedules to the end of escape training. 

Due to a nonnormal distribution of scores, a non- 
parametric statistical technique, the Kruskal-Wallis 
one-way analysis of variance by ranks (11), was used. 

RESULTS 

Two rats (one each in IIA and IIB) died prior to 
the first choice test. Five rats (two in group I, one 
in group IIA, and two in group IIB) drank less than 
20 cc. on half or more of their training trials and were 
eliminated by the rejection criterion. As a result, the 
final number of subjects was 8 in group I, 8 in group 
IIA, and 7 in group IIB. 

The animals eliminated by the rejection criterion 
drank significantly less M than the nonrejected rats 

on all choice tests (p of 0.005, 0.01, 0.005, 0.01, and 
0.01). The mean M intake for all choice tests for the 
eliminated rats was 2.6 cc. ; that for the nonrejected 
rats Was 12.3 cc. The mean oral intake of morphine 
on the training trials by the nonrejected rats was ap- 
proximately 120 mg /Kg. per rat (Fig. 1). 



1.' — Mean consumption of morphine solution on 
15 training trials. 
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Although IIA and IIB received small injections, 
neither the total morphine intake, nor the oral intake 
of M on the training trials (Fig. 1) differed signifi- 
cantly among the groups. Figure 4 gives the mean 
cc. intake of tap water on the choice tests. One dif- 
ference, 11 vs. I for the second choice test, was signifi- 
cant at 0.05. Total liquid intake (tap water plus 
M) is given in Table I. Group differences in total 
liquid intake are not significant. Whether con- 
sidered by groups or by combinations of groups, the 
following comparisons are nonsignificant; group dif- 
ferences in M intake on individual training trials, 
total morphine intake before each choice test, and 
total morphine intake for the e.\periment. 

Figure 2 shows the mean oral intake of M by 
groups on choice tests (not training trials). The M 
intakes are significantly different when the combined 
injected groups are compared with the noninjccted 
group (11 vs. 1). The significances of these differ- 
ences on the first three choice tests are, respectively, 
0.0.5, 0.005, and 0.05. This comparison approached 
significance (0.08) on the first abstinence choice test. 
No individual group comparisons were found to be 
significant; however, IIB showed the greatest mean 
morphine intake on all tests (Fig. 2), and had the 
only two rats which showed a highly' pronounced re- 
lapse (Fig. 3). On the first abstinence test, one ani- 
mal consumed 74 cc. of jV (equivalent to 160 mg./ 
Kg.), and another the equivalent of 98 mg./Kg, 
Even after twentj'-nine more day's of abstinence, 
the latter rat consumed 71 mg./Kg. 



Fig 2. — Mean consumption of morphine solution on 
5 choice tests. 


DISCUSSION 

Consistent with previous findings (3), additional 
evidence indicates thirst is not an important factor in 
the procedure of thi.s c.vpcrimcnt. As morphine con- 
sumption incrcase.s, water intake decreases so that 
the total liquid intake remains essentially constant 
(Figs, 2, 4; Table I). There arc no significant differ- 
ences among the three groups in total liquid intake, 
nor for injected vs. noninjccted groups (11 tu. I). 

The decrease in total liquid intake on choice tests 
four and five (during abstinence), as shown in T.ablc 
1, reflects a change in availability of liquids. Rats, 
when put Oil a schedule which prohibits liquid intake 
one day out of three, increase their consumption on 
tho.sc days when liquids are available. Then, when 
transferred to an ad lihilinn drinking situation, this 
incre;ise due to a restricted intake tends to disap- 
pear so that consumption approaches normal levels. 


Table I. — Mean cc. Total Liquid I.ntake by 
Groups 
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65.1 
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Fig. 3. — Graphic representation of morphine in- 
take by individual rats on choice tests after periods 
of abstinence from morphine. 
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Fig. 4. — Mean cc. intake of tap water on the five 
choice tests. 


Because tube positions were randomly determined 
during training and for clioice tests, place learning 
cannot account for the results of this experiment. 
Neither are the results due to novel stimuli (3), nor 
can they be considered as artifacts produced by use of 
the rejection criterion. A comparison of the M in- 
take of the injected groups with that of the nonin- 
jected group for all animals from uhich choice 
scores were obtained (N = 28), still gives significant 
differences of 0.01 and 0.025 for the second and third 
choice tests, respectively. Total morphine intake 
docs not differ significantly for the same comparison. 
Also, the significant differences between the rejected 
and nonrcjectcd rats indicate they may be justifiably 
considered as samples from different populations. It 
may be concluded then, that use of the criterion docs 
not alter the general picture but, rather, provides a 
more precise measure of the e.vpcrimcntal effects. 

Before the first choice test, the effect of the in- 
jections given to Group II could not be predicted 
with any certainty due to the complexity of the situa- 
tion. There is an intimate relationship among with- 
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intake Mill be reinforced b> termination of the 
withdrawal distress and tend to be repeated 

This experiment attempts to manipulate the 
w ithdrawal mtensit)' m groups of rats during the 
course of escape training Differing degrees of 
withdrawal intensit) should be reflected in dif 
ferent degrees of learning the instrumental act of 
escape In this experiment, the escape response 
is drinking a morphine solution 

PROCEDURE 

The experiment w as conducted in a temperature 
controlled room (72° F ) Thirtj nine female 
Sprague- Daw lej rats weighing between 185 and 250 
Gm ser\ ed as subjects To establish motivation 
(withdrawal symptoms), dailj intraperitoneal m 
jections of morphine hj drochloride w ere started at 20 
mg /Kg and increased bj equal increments to 160 
mg /Kg on the 29th daj Nine rats died during 
this period 

The remaining 30 morphine tolerant, morphine 
dependent rats were randomlj assigned, 10 to group 
I and 20 to group II Escape training cjcles were 
then begun In man, withdrawal distress reaches a 
peak fortj eight to ninetj six hours after the last 
opiate intake (12) Stanton (13) gives graphs which 
indicate that rats injected for four weeks show a peak 
of struggling when restrained during withdrawal 
which is similar to this time interval Because of 
this the escape training cj cles w ere made three da> s 
long Drinking the morphine solution reduced the 
current withdrawal sxmptoms and “re set” the am 
mal for a return of the svmptoms three dajs later 
One complete training trial (or cjcle) consisted of 
twentj four hours with no liquids (0), twentj four 
hours with an 0 5 mg /cc morphine hj drochloride 
solution (jl/), and twentj four hours witn tap water 
(IF) Training proceeded as m this sequence (illus 
trating three trials and covering nine dajs) O, M, 
IF, 0, IF, 0 M, IF, etc The rats were m 

dividuallv caged and the solutions presented in 
100 ml graduated drinking tubes randomly located 
in the right or left positions on the front of the cage 

To test drug seeking behavior, five choice tests 
were made in which two drinking tubes, one contain 
mg w ater and the other morphine solution, w ere pro 
sented simultaneoush for a tw enty four hour period 
Untrained rats refuse to drink the 2/ solution, aver 
aging 0 9 cc under these conditions For M con 
sumption oxer 10 cc , the amount was read directlj 
from the tube graduations Amounts of M less than 
10 cc XX ere measured by refilling the tube using a hj 
podermic sxnnge Between the third and fourth, 
and betw een the fourth and fifth choice tests, the rats 
XX ere removed from their indixidual, wire bottomed 
cages and placed in one large, straw litter bottomed 
cage 

In prex lous experiments (3) it had been found that 
rats x\ hich drank less than 35 cc of M on half or more 
of their training tnals also drank xerj little (mean 
wns 1 S cc ) on their choice tests In contrast, rats 
xxhich drank more than this lex el axeraged 13 6 cc 
of 1/ on their choice tests This is consistent xxith 
the experimental design A certain minimal mor 
phine intake is nccessarx to maintain tolerance. 


phjsical dependence, and thus, xx ithdrawal sjmp 
toms from trial to trial during the training period 
Because of the small groups m this experiment, it 
XX as felt that these“minimal drinkers” could seriouslj 
reduce the precision of the experiment Accordniglj , 
a somexxhat conservative rejection criterion was cs 
tablished Rats xvhich drank less than 20 cc on half 
or more of their training trials continued to reccix e 
their assigned treatment and choice scores w ere ob 
tamed from them, but their scores were eliminated 
from statistical consideration xvhen computing the 
mam effects of the experiment 

All rats receix ed the escape training treatment 
In addition, the 20 rats m group II receix ed three 
small morphine injections (2 mg ea)percjcle Two 
injections xxere given on day (0) six and one half 
and one and one half hours before the beginning of 
daj (jl/) The third injection w as gix en on day (IF) 
eight hours after the end of day (jl/) 

After the first choice test, group II xvas randomh 
divided into txxo equal subgroups IIA and IIB 
Subgroup IIA continued the injection schedule 
given above for Group II In IIB, the injection one 
and one half hours before day (M) xxas eliminated 
A nexx injection for IIB xvas then added one houraf 
ter the beginning of day (0) This new injection 
time was about midxvax' betxxeen the txxo remaining 
original injection times IIA and IIB continued 
these schedules to the end of escape training 
Due to a nonnormal distribution of scores, a non 
parametric statistical technique, the Kruskal Wallis 
one xvaj analysis of variance by ranks (11), was used 

RESULTS 

Two rats (one each m IIA and IIB) died prior to 
the first choice test Five rats (two in group I, one 
in group IIA, and txxo in group IIB) drank less than 
20 cc on half or more of their training trials and were 
eliminated by the rejection criterion As a result, the 
final number of subjects xvas 8 m group I, 8 in group 
IIA, and 7 m group IIB 

The animals eliminated by the rejection criterion 
drank significant Ij less M than the nonrejected rats 
on all choice tests (p of 0 005, 0 01, 0 005, 0 01, and 
0 01) The mean M intake for all choice tests for the 
eliminated rats xx as 2 6 cc , that for the nonrejected 
rats xxas 12 3 cc The mean oral intake of morphine 
on the training trials bj the nonrejected rats was ap 
proximately 120 mg /Kg per rat (Fig 1) 



TRAINiriG TRIALS 

Fig 1 — Mean consumption of morphine solution on 
15 training trials 
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Although HA and HB received small injections, 
neither the total morphine intake, nor the oral intake 
of M on the training trials (Fig. 1) differed signifi- 
cant!}^ among the groups. Figure 4 gives the mean 
cc. intake of tap water on the choice tests. One dif- 
ference, H vs. 1 for the second choice test, was signifi- 
cant at 0.05. Total liquid intake (tap water plus 
Af) is given in Table I. Group differences in total 
liquid intake are not significant. Whether con- 
sidered by groups or by combinations of groups, the 
following comparisons are nonsignificant; group dif- 
ferences in AI intake on individual training trials, 
total morphine intake before each choice test, and 
total morphine intake for the experiment. 

Figure 2 shows the mean oral intake of M by 
groups on choice tests (not training trials). The M 
intakes are significantly different when the combined 
injected groups are compared with the noninjected 
group (H vs. I). The significances of these differ- 
ences on the first three choice tests are, respectively, 
0.05, 0.005, and 0.05. This comparison approached 
significance (0.08) on the first abstinence choice test. 
No individual group comparisons were found to be 
significant; however, IIB showed the greatest mean 
morphine intake on all tests (Fig. 2), and had the 
only two rats which showed a highly pronounced re- 
lapse (Fig. 3). On the first abstinence test, one ani- 
mal consumed 74 cc. of Af (equivalent to 160 mg./ 
Kg.), and another the equivalent of 98 mg./Kg. 
Even after twenty-nine more days of abstinence, 
the latter rat consumed 71 mg./Kg. 



Fig. 2. — Mean consumption of morphine solution on 
5 choice tests. 


DISCUSSION 

Consistent with previous findings (3), additional 
evidence indicates thirst is not an important factor in 
the procedure of this experiment. As morphine con- 
sumption increases, water intake decreases so that 
the total liquid intake remains essentially constant 
(Figs. 2, 4; Table f). There are no significant differ- 
ences among the three groups in total liquid intake, 
nor for injected vs. noninjected groups (II vs. 1). 

The decrease in total liquid intake on choice tests 
four and five (during abstinence), as shown in Table 
I, reflects a change in availability of liquids. Rats, 
when put on a schedule which prohibits liquid intake 
one day out of three, increase their consumption on 
those days when liquids arc available. Then, when 
transferred to an ad libiluut drinking situation, this 
increase due to a restricted intake tends to disap- 
pear so that consumption approaches normal levels. 


Table I.- 

-Mean cc. Total Liquid 
Groups 

Intake by 

Choice 

Test 

I 

IIA 

113 

1 

65 1 

65 8 

67 9 

2 

66 5 

58 S 

60 4 

3 

76 5 

Oi t 

70 S 

4 

43 0 

44 3 

47 2 

5 

49 S 

57 1 

50 0 
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Fig. 3. — Graphic representation of morphine in- 
take by individual rats on choice tests after periods 
of abstinence from morphine. 



Fig. 4, — Mean cc. intake of tap water on the five 
choice tests. 


Because tube positions were randomly determined 
during training and for choice tests, place learning 
cannot account for the results of this experiment. 
Neither are the results due to novel stimuli (3). nor 
can they be considered as artifacts produced by use of 
the rejection criterion. A comparison of the M in- 
Uike of the injected groups with tliat of the nonin- 
jected group for all animals from which choice 
scores were obtained (N = 28), still gives significant 
differences of O.OI and 0.025 for the second and third 
choice tests, respectively. Total morphine intake 
docs not differ significantly for the same comparison. 
.-Vlso, the significant differences between the rejected 
and nonrejected rats indicate they may be justifiably 
considered as samples from different populations. It 
may be concluded then, that use of the criterion does 
not alter the general picture but, ratlier, provides a 
more precise measure of the c.vperimcntal effects. 

Before the first choice test, the effect of the in- 
jections given to Group H could not be predicted 
with any certainty due to the complexity of the si 
tion. There is an intimate relationship 
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draival symptoms, physical dependence, and toler- 
ance to the extent that it is possible to consider them 
as only different manifestations of one fundamental 
process ( 12) . The question of effect of the injections 
was answered by the first choice test. The injected 
group was learning the response better than the non- 
injected group. A possible explanation of the results 
of this first choice test was that the injections acted 
to better maintain dependence and tolerance during 
the forty-eight hour interval between opportunities 
to drink the M solution Because of this e.xplana- 
tion, a new injection schedule for group IIB was es- 
tablished This hj-pothesis, that dependence and 
tolerance were not well maintained during the inter- 
trial period under the noninjection procedure, is con- 
sistent with the final results of the experiment. The 
15 training trials used in this experiment did not 
noticeably increase 71/ intake on the choice tests over 
that obtained with only 10 training trials used in pre- 
vious experiments (3) . An inefficiency in later train- 
ing trials would be expected if dependence and toler- 
ance were decreasing during the course of the experi- 
ment. Although all rats received increasing doses of 
morphine up to 160 mg /Kg. before the experiment 
and averaged more than 100 mg./Kg. of morphine 
per training trial, this apparently was insufficient to 
maintain a high level of tolerance and dependence 
through the later training trials. 

If the injections given group II did, in fact, help 
maintain inter-trial dependence, then the new injec- 
tion schedule for IIB could be expected to maintain 
inter-trial dependence even better since the injec- 
tions were more evenly spaced for the inter-trial 
period. Maximum time without morphine on the 
original injection schedule was thirty-four hours. 
This was reduced to seventeen hours on the new 
schedule. The prediction of outcome at the time 
IIB was established was that group I would be low, 
IIA intermediate, and IIB highest in M intake on the 
choice tests. The fact that this order was obtained 
on all subsequent choice tests (Fig. 2) ; the form of 
the distribution of scores on the relapse tests (Fig. 
3) ; and the two substantial relapses in IIB, all lend 
some support to the inter-trial maintcnance-of-de- 
pendence hj-pothesis, although statistical significance 
could not be demonstrated for the differences be- 
tween IIA and IIB. 

The central finding of this experiment is that the 
injections did bring about significant increases in 
drug-directed behavior. Since differences in amount 
of morphine received cannot account for these in- 
creases, an explanation on some other basis must be 
advanced. It seems possible that the important dif- 
ference between the injected and noninjected rats 
was a difference in their physiological state at the 
time morphine was presented. Some evidence on the 
interaction between physiological state and mor- 
phine intake is available in statements made by 
opiate addicts. They prefer to allow some with- 
drawal symptoms to develop before taking morphine. 
They trj' to explain this behavior by comparing it to 
hunger, "thus, ‘eating a steak may always be en- 
joyable, but more so if one is hungry’ ” (12, p. 35). 


It appears possible, therefore, that the importance of 
the injections in the development of drug-seeking be- 
havior in this experiment is due to the fact that they 
helped to better maintain and preserve, from trial to 
trial, the physiological state necessar 3 ' for reinforcing 
the escape response, i.e., withdrawal symptoms. 
This explanation is consistent with the success of this 
and previous experiments (3) in produeing drug-di- 
rected behavior, since the design of these e.xperiments 
is based upon escape training and assumes the impor- 
tance of witndrawal symptoms in reinforcing the es- 
cape response. 

The most important conclusion to be drawn from 
this experiment is that the commonly supposed “in- 
herent rewarding effect” of morphine is not sufficient 
to account for the results since differential effects 
were produced among the groups without significant 
differences in morphine intake. There were no signi- 
ficant differences in M intake on training trials, nor in 
total amount of morphine received before each choice 
test, nor in total morphine intake for tne entire experi- 
ment. To hold that the results of this experiment 
depend on an "inherent rewarding effect” of mor- 
phine seems inconsistent with the fact that equiva- 
lent rewards for the three groups (since the amounts 
of “inherently rewarding morphine” did not differ 
significantly) produced unequal effects among the 
groups. The rats in control groups of previous ex- 
periments (3) also received at least as much mor- 
phine as the rats in their associated experimental 
groups but did not develop drug-seeking behavior. 
The difference produced in the behavior of these rats 
seems more closely related to the conditions under 
which morphine is received than it is to the amount 
of morphine received. This difference is similar to 
the difference in the behavior of man produced under 
different conditions of morphine intake (illegal users 
vs. hospital patients) . It appears that for rats, as for 
man, the conditions under which morphine is re- 
ceived is a much more important factor in producing 
drug-directed behavior than the amount of morphine 
received. Thus, any explanation of drug-directed 
behavior in terms of some inherent rewarding proper- 
ties of morphine seems insufficient to fully account 
for the drug-directed behavior of either rats or man. 
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Irtie Spectrophotometric Assay for 
Chlortetracycline' HCl and Tetracycline^ HCl 
in Pharmaceuticals* 


By FORTUNATO S. CHICCARELLI, MASON H. WOOLFORD, Jr., 
and MAURICE E. AVERY 

Chlortetracyclineheated under acid conditions forms anhydrochlortetracycline while 
tetracycline under the same conditions forms anhydrotetracyclioe. Anhydrochlor- 
tetracycline and anhydrotetracycline have similar spectrophotometric properties 
which make a distinction unreliable. Specific assays have been developed for c^lor- 
tetracycHne and tetracycline based on the formation of anhydro compounds and the 
fact that chlortetracycline heated at pH 7.5 is cleaved to isochlortetracycUne while 
tetracycline under the same conditions is relatively stable. 


S INCE ITS INTRODUCTION in 1948, chlortetra- 
cycline has been an important therapeutic 
agent in inedicai practice, while tetracycline 
(1, 2), the most recent of the tetracyclines, has 
become the most widely used broad spectrum 
antibiotic. Certification still requires the per- 
formance of a microbiological assay but this 
report will deal with the chemical assays cur- 
rently in use by the Quality Control Section of 
Lederle Laboratories for the rapid and efficient 
control of production items. 

Many of the fundamental chemical and physical 
properties of chlortetrac3''cline serving as the basis 
for chemical assay have been described previousl)’. 
Among these are paper strip chromatography 
(3, 4), polarography (5), nonaqueous titrimetry 
(6), fluorescence (7-9), and chemical color 
development (10-14). The assaj' of this com- 
pound in mixtures has also been proposed ( 17-19) . 

The clilortetracycline in the sample taken for 
analysis is brought into aqueous solution to a 
final concentration of approximatel)'^ 100 ;ig./ml. 
Hydrochloric acid is added to one aliquot of the 
solution and tlie mixture is heated forming 
colored anhydrochlortctracj'cline which has an 
absorption maximum at 445 xn/d. A second 
aliquot is heated at pH 7.5 and the chlortetra- 
cj'clinc is cleaved to isochlortctracj'clinc. Sub- 
sequent acid treatment does not rearrange tlie 
isochlortetracj’cline into anhydrochlortetrac\'- 
cline; thus the second aliquot can be used as 
the blank when calculating the chlortetracycline 
present. 

Chemical methods suggested for chlortctra- 
CN’cline and oxytelracj'cHnc (10-10) for the most 
part arc applicable to tetracycline because the 

.* JIcccivcd AurusI 25. 195S. from the Ucderle Laboratories 
Division, American Cyanaraid Co.. Pearl River, N. Y. 
n * I.rcderle Laboratories Division, American 

j C ^ ’* •■'racyclinc is Aurcoraycin and for 

, ■ ' ■ ■ nowledjTc n-tth jrratttude the kind 

■ * tlic completion of this work, and 
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three are related structurally'. Paper strip 
chromatography (3, 4), polarography (6), and 
nonaqueous titrimetry (6) can also be adapted. 
Since tetracycline does not fluoresce under basic 
conditions, a fluorescence type assay similar to 
the one used for chlortetracycline (7, 9) cannot 
be adapted. Under basic conditions tetracjxline 
solutions have a relatively stable color exhibit- 
ing a maximmn at 380 mfi (20). The assay of 
mi.xtures has also been proposed (17-19). 

The tetracycline in the sample taken for 
analj’sis is brought into aqueous solution to a 
final concentration of approximately 200 Mg./ml. 
Two separate 5.0-ml. aliquots are heated with 
pH 7.5 buffer. The chlortetracycline is cleaved 
to isochlortetracj'cline while the tetracycline 
remains unaltered. One of the solutions is 
removed and cooled. After the addition of acid 
this solution is used as the blank. Acid is added 
to the second solution and heating is continued to 
form anhydrotetracycline. The second solution 
can be used as the assay sample. Blank and 
sample arc measured at 434 mu. 

PHARMACEUTICALS CONTAINING 
CHLORTETRACYCLINE HCl 

Specific Assay for Chlortetracycline 

The spectrophotometric assay described in this 
report is a modification of the method of Levine, 
el al. (7), which appears in a volume bj' Grove and 
Randall (14), and is carried out according to the 
following scheme: 

chlortetracycline , anhydrochlortetracycline 

(tetracycline)’ (anhydrotetracycline) 

Anhydrochlortetracycline (21) has an absorption 
maximum at 445 rap while anhydrotetracycline has 
absorption maximum at 434 rap. It is apparent 
that the above approach does not compensate for 
the presence of small concentrations of tetraej’dine 


> Pnrcnlheses arc used to show what would happen to low 
concentrations of tetracycline if present in chlortetracycline 
samples being assayed. 
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m chlortetracj dine, m Inch n ould be additive, and 
does not guarantee color production as coming from 
chlortetraci dine onh The procedure of Hiscox 
( 10) also uses this fundamental reaction buterabodies 
measurements from different parts of the spectrum, 
and the assa} is not as specific for chlortetracj dine 
as that of Le\ me, et al 

\ method previous^ described bj Chiccarelli, 
ct al (22), eliminates these objections and is per- 
formed according to the follow ing scheme 


Procedure for Application of This Assay to 

Pharmaceutical Products 

Reagents. — Buffer solution pH 7 5 — 178 Gra of 
anh\ drous KoHPOi and 22 Gm of anhydrous KH. 
POj per liter of water, filter before using, sodium 
bisulfite — ^10 Gm per 100 ml of water (freshly pre 
pared), and hydrochloric Acid — 5N 

Procedure. — Final dilutions before acid and heat 
treatment should contain about 100 jig of chlortetra 


chlortetraci chne_ 
(tetracj cline)^ 


heat 

> 

pH 7 5 

heat 

HCl 


isodilortetracvchne 
(tetraci dine) 


heat 


> 

HCl 


anhydrochlortetracj’dine 

(anhj'drotetracjTline) 


isochlortetracychne 

(anhydrotetracj’chne) 


This IS represented structurallj according to the 
following 


A 




Cl CH: 


N(CH,)2 
OH 



C— NHj 


OH OH O 
Anhydrochlortetracydine 


0\> tetraci dine will not interfere with the above, 
since colorless apooxj tetracj dines (23) are formed 
Tetracidine because of its stabihtj under basic 
conditions will form anhj drotetracj dine both in 
the blank and sample Since o\\ tetracj dine is 
converted to colorless compounds in the blank and 
sample solutions and since tetraci dine under the 
same conditions forms a mutuallj compensating 
color, the difference in absorbance between the 
blank and sample solution will result only from 
chlortetracj dine 

Curie A of Fig 1 is the absorption spectrum of 
chlortetraci dine in 0 1 N' hydrochloric acid, curve 
B IS the absorption spectrum of isochlortetraci dine 
under the conditions of the assay , and curve C is 
the absorption spectrum of anhj drochlortetracj dine 
under the conditions of the assai 

Table I lists the concentration curve within the 
limits of the assai 

Table II lists time as a \anable in the preparation 
of blank and sample solution At the end of each 
time interval, h\ drochloric acid was added and heat- 
ing was continued in each case for a total of seven 
minutes Thus on line 2 the solution was heated for 
two minutes at pH 7 5 then the acid was added and 
heating continued for five minutes more It mav 
be seen from Table II that sev en minutes is optimum 
heating time for both the sample and the blank 
solution 

The assav is performed in the presence of sodium 
bisulfite which has a stabilizing effect on the back 
ground color duniig the pH 7 5 treatment 


Table I 


Concentration 

Corrected 

Absorptivity 

MS /ml 

Absorbance” 

at 445 iTifi 

10 0 

0 131 

131 0 

20 0 

0 260 

130 0 

30 0 

0 393 

131 0 

40 0 

0 528 

132 0 
Average 131 0 


s Absorbance of sample solution minus absorbauce of blant 
solution 


Table II 




-Blank” v 


-Sample” 


Absorbance 


Absorbance 

Time 

at 445 

Time 

at 145 

min b 

Tnfi 

ram ® 

rufi 

1 

0 070 

1 

0 017 

2 

0 025 

2 

0 050 

3 

0 010 

3 

0 088 

4 

0 006 

4 

0 117 

5 

0 004 

5 

0 127 

6 

0 004 

0 

0 134 

7 

0 004 

7 

0 134 



8 

0 134 



9 

0 131 



10 

0 130 



11 

0 125 



12 

0 122 


“ Chlortetncychne standard initial concentration 10 
#iK /m! 

This column shous the time dtirinp which the solution 
heated at pH 7 5 

® This represents the heat treatment while the solution »vns 
acidic 
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Fig. 1 — ^Absorption spectrum from 300 ra^ to 
500 mp of chlortetracycline, at 20 pg./ml. A in 
0. 1 iV H Cl ; B under conditions of blank preparation ; 
and C under conditions of sample preparation. 

C 5 xline per ml. See method of sample prepara- 
tion. 

Pipet a 10-ml. portion of the final dilution into 
each of two 50-ml. volumetric flasks. One of these 
will be the blank and the other the sample. To the 
sample add in this order: 12 ml. of 5 A HCl, 15 ml. 
of pH 7.5 buffer, and 2 ml. of bisulfite solution. 
Suspend in a boiling water bath for exactly seven 
minutes. Swirl occasionally. 

To the blank add 15 ml. of pH 7.6 buffer solution 
and 2 ml. of sodium bisulfite solution. Suspend in 
a boiling irater bath for five minutes with occasional 
swirling. After exactly five minutes add 12 ml. 
of 5 HCl and heat for an additional two minutes. 

After the completion of the heat treatment im- 
mediately cool both the blank and sample under tap 
water. Make to volume with water and mix well. 
Determine the absorbance at 445 rap against water 
using a suitable spectrophotometer. 

(Alii sample — Au$ blank) dilution factor ^ 
131.0* ^ wt. of sample 

% chlortetracycline HCl 

Sample Preparation 

Capsules, Tablets, Powders, and Pharyngets*. — 
Take an amount of sample equivalent to about 100 
mg. of chlortetracycline. Transfer to a liter volu- 
metric flask and add about 200 ml. of water. Mix 
until solution is complete. Make to mark with 
water. If filtration is necessary, use Whatman No. 
42 paper. (Discard the first 10 ml. before taking an 
aliquot for assay.) Follow procedure. 

Syrup, Pediatric Drops, and Crearn.— Since cal- 
cium chlortetracycline is used in this type product, 
it will be necessary to add a small amount of hydro- 
chloric acid in order to bring the chlortetracycline 
into solution. Transfer by weight or with a wash- 
out pipcl a sample equivalent to about 100 mg. of 
chlortetracycline to a liter volumetric flask, .^dd 
200 ml. of water and a small amount of dilute hydro- 
chloric acid. Shake until solution is complete. 
Make to mark with water and mix well. Filter 
if necessary. Follow procedure. 

Ointments. — Transfer a sample weight equivalent 
to about 100 mg. of chlorletracycliuc to a liter flask. 
Add ex.ictly 100 ml. of CCb and about 100 ml. of 


• Ahxirptivily of cWortctracycUnc HCl under assay con- 
cjjtjons.^ A standarit shmiW be determined to ascertain the 
nlisorjUnily under the iiarticular conditions in each labora- 
lor>' 

^ Xrattemark. ot American Cyanatnjd. Co. 


HsO. Shake until sample is completelj' dispersed. 
Make to mark rvith water and mix well. Follow 
procedure. Do not consider the CCb added as part 
of the dilution in the calculation. This fraction 
of the dilution will be 9 rather than 10. 

Intravenous. — Weigh accurately about 150 mg. of 
powder. Transfer with the aid of 100 ml. of 0.1 N 
HCl to a liter flask. Make to mark with water and 
mix well. Follow procedure, 

Spersoids* Dispersable Powder. — Weigh accu- 
rately about 3.0 Gm. of Spersoids. Transfer to a 
500-inl. volumetric flask with about 100 ml. of water. 
Add 10 ml. of 1 A’ HCl and mix until all the lumps 
are dispersed. Alake to mark with water and mix 
well. Filter through an S-1 filter pad on a Buchner 
funnel, discarding the first 100 ml. Follow pro- 
cedure. 

Troches. — Chlortetracycline troches contain a 
dye which interferes with the general spectrophoto- 
metric assay. In order to separate the dye from 
the chlortetracycline, a special modification of the 
spectrophotometric assay was developed. The 
assay is carried out in the following manner; Pul- 
verize about five troches, accurately weigh the 
equivalent of about 30 rag. of chlortetracycline 
and transfer to a 250-ml. volumetric flask. Add 
about 100 ml. of water and mix until solution is 
complete. Make to mark with water and mix well. 
Using Whatman No. 42 filter paper, filter a portion 
of the sample. Discard the first ten ml. before 
taking a sample for assay. Pipet a 25-ml. aliquot 
into two glass-stoppered 50 mi. centrifuge tubes 
each containing 200 mg, of Magncsol magnesium 
trisilicate (Westvaco). The Magnesol should be 
slurried with water, filtered and dried before use. 
Shake for five minutes. Centrifuge. Decant the 
liquid carefully. Now add 15 ml. of water and mix 
well for three minutes. Centrifuge and decant the 
liquid. 

Transfer cacli of the Magnesol and clilortetra- 
cycline complex samples to separate lOO-nil. volu- 
metric flasks with about 25 ml. of water. One 
of these will be the blank and the other will be the 
sample. To the sample add in this order: 24 ml. 
of 6 A HCl, 30 ml. of pH 7.5 buffer, and 4 ml. of 
bisulfite solution. Suspend in a boiling water bath 
for exactly seven minutes. Swirl occasionally. 

To the blank add 30 ml. of pH 7.5 buffer and 4 ml. 
of bisulfite solution. Suspend in a boiling water 
bath for five minutes. This solution must be 
swirled constantly. ,-\fter exactly five minutes have 
elapsed add 24 ml. of 5 A HCl and heat for an 
additional t«'o minutes. 

After completion of the heat treatment, im- 
mediately cool both the blank and the sample under 
tap water. Make to volume with water and mix 
well. Centrifuge a portion of the blank and sample. 
Dctennine the absorbance at 445 mp with water 
in the reference cuvette. Tljc absorptivity of 
chlortetracycline HCl under the above conditions 
of assay is 122,0. This value should be used rather 
than the one given in the genera! method of assay 
when calculating the awoi!r 2 t of chlortctrncycliae 
per troche. 

It available, a standard should be determined with 
each sample. This can serve as a check on the con- 
ditions of assay. 


XT:radcmarJ:.ot Amcric.™ Cvanamut 0>. 
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PHARMACEUTICALS CONTAINING 
TETRACYCLINE HCl 

Specific Assay for Tetracycline 

Tetracycline when heated under acid conditions 
forms anhydrotetrac3'cline (21). An assay based 
on this reaction appears in a volume by Grove and 
Randall (14) and is carried out according to the 
following scheme ( 15) : 

tetracj'cline anh5'drotetracjxline 

(chlortetracycline)'’ (anhydrochlortetracycline) 

Anhydrotetracycline has a maximum at 434 mp while 
anhydrochlortetracycline has a maximum at 445 
mp. The above approach does not distinguish be- 
tween tetracj'cline and chlortetracjmline and does 
not compensate for the presence of small concentra- 
tions of chlortetracycline in tetracycline. 

A modification has been made of the method of 
Grove and Randall whereby the assaj' is made 
specific for tetracycline according to the following: 


Curve A of Fig. 2 is the absorption spectrum of 
tetracycline in 0.1 A HCl; curve B is the absorption 
spectrum of tetracycline under the conditions 
of blank preparation; and curve C is the absorp- 
tion spectrum of anhydrotetracycline under the 
conditions of the assay. Table III lists the con- 
centration curve within the limits of the assay. 

During the preparation of the sample, the solu- 
tion is placed in a boiling water bath for three 
minutes at pH 7.5. Possible chlortetracj'cline 
interference is thus eliminated (7). Table IV lists 
time as a variable in the preparation of the sample 
solution. Each solution was heated at pH 7.5 
for three minutes. Acid was added. After each 
time interval the solution was cooled and made up 
to volume. Five minutes is the optimum heating 
time for the sample solution after the addition of 
acid. 

The assay is performed in the presence of sodium 
bisulfite which has a stabilizing effect on the back- 
ground color. 


tetracycline ^ tetracycline 

(chlortetracj'cline)® pjj g (isochlortetracycline) 


after cooling 

/ > 

HCl 


tetracycline 

(isochlortetracycline) 


HCl 


anhj'drotetracj'cline 

(isochlortetracycline) 


sample 

> 

divided in half 


This is represented structurally: 



OH OH O O ^ 
Anhydrotetracycline 


Tetracj’cline when heated at pH 7.5 is relatively 
stable and can be acid rearranged to anhj'drotetra- 
cjcline. Chlortetracj'cline, when heated at pH 
7.5, forms isochlortetracj'cline which cannot be 
acid rearranged to anhj'drochlortetracj'cline. 
O.xj'tetracycline, more stable under basic conditions, 
forms apooxj-tetracj-clines (23) when heated with 
acid. Isochlortetracj'cline and apooxj'tetracj'clincs 
are colorless, so that anj- difference in absorbance at 
434 m^ between blank and sample will result onlj' 
from tetracj'cline. 


• Parenthe^s are used to show what would happen to low 
concentrations of chlortetracycline if present. 


Procedure for Application of This Assay to Phar- 
maceutical Products 

Reagents. — Buffer solution pH 7.5. — 178 Cm. of 
anhydrous KjHPOj and 22 Cm. of anhydrous KHr 
POi per liter of water, filter before using; sodium 
bisulfite — 10 Cm. per 100 ml. of water, freshlj' 
prepared; and hydrochloric acid — 5 N. 

Procedure. — Final dilutions before acid and heat 
treatment should contain about 200 fig. of tetra- 
cycline per ml. See method of sample prepara- 
tion. 

Pipet a 5.0-ral. portion of the final dilution into 
each of two 50-ral. volumetric flasks. To both 
flasks add ifral. of bisulfite solution and 10 mb of 
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Tabi-e III. 


Concentration Corrected Ahsorotivity 

Mg./ml. Absorbance® at 431 ran 

5 0 0.081 162.0 

10 0 0.161 161.0 

15.0 0.243 162.0 

20.0 0.S20 160.0 

25.0 0.402 160.0 


Average 161.0 


“ Absorbance of sample solution minus absorbance of blank 
solution. 


Table IY. 


Time, mio,® 

Corrected Absorbance 
at 434 

0 

0.056 

1 

0 265 

2 

0.310 

3 

0.320 

4 

0 323 

5 

0.323 

6 

0.323 


° This represents the heat treatment while the solution was 


b Tetracycline standard initial concentration: 20 pg./ml. 



Woy«}en^th 


Fig. 2. — Absorption spectrum from 300 mn to 
500 mtt of tetracycline at 20 ng./ml. A in 0.1 N 
HCl; B under conditions of blank preparation; 
and C under conditions of sample preparation. 


buffer solution. Place in a boiling water bath for 
exactly three minutes. Swirl occasionally during 
this period. After the three minutes have elapsed, 
remove one of the flasks and cool. This will ser\'e 
as the blank. 

To the remaining flask, add C ml. of 5 N HCl and 
heat for an additional five minutes with occasional 
swirling. This will be the sample. 

After the blank has cooled, add enough water to 
give a total volume of about 40 ml. and add 6 ml. 
of 5 N HCl to the flask. Make to mark with water 
and mi.x well. When the sample has cooled, make 
to mark with water and mix well. 

Dctennine the absorbance of the blank and sample 
at 434 mn as soon as possible using water in the 
relercnec cuvette. 

(d 431 sample — A«i blank) dilution factor 

161.0" wt. of sample ” 

% tetracycline HCl 


. .4b.flrptU’ity of tetracycline HCl under n-way conditior 
A .itanUnrd sbould be determined tn ascertain the absorpti 
ity under the particular conditioas in each laboratory. 


Sample Preparation 

Capsules, Powders, Tablets, and Pharyngets*.— 
Take an amount of sample equivalent to about 100 
mg. of tetracycline. Transfer to a 500-ml. volu- 
metric flask and add about 200 mi. of water. Mix 
until solution is complete and make to mark with 
water. If filtration is necessary' use MTiatman No. 
42 paper. Discard the first 10 ml. before taking an 
aliquot for assay'. Follow procedure. 

Suspensions, Syrups, and Pediatric Drops. — 
Since tetracycline neutral is used in this type prod- 
uct, it will be necessary' to add a small amount of 
hydrochloric acid in order to bring the tetracycline 
into solution. Transfer by weight or with a washout 
pipet a sample equivalent to about 100 mg. of tetra- 
cycline to a 500-ml. volumetric flask. Add 200 
ml. of water and a small amount of dilute hydro- 
chloric acid. Shake until solution is complete. 
Make to mark with water. Filter if necessary. 
Follow procedure 

Ointments. — ^Transfer a sample weight equivalent 
to about 50 mg. of tetracj'cline to a 250-ml. volu- 
metric flask. Add exactly 50 ml. of CCl, and about 
50 ml. of H-O. Shake until sample is completely' 
dispersed. Make to mark with water and mix. 
Follow the procedure. Do not consider the CCl, 
added as part of the dilution in the calculation, 

Spersoids* Dispersible Powder. — Transfer a 3- 
Gm. sample (50 mg. of tetracycline) with the aid of 
water to a 250-ml. volumetric flask. Add 10 ml. 
of 1 iV HCl and mi.\' until all lumps are dispersed. 
Make to mark with water and mix well. Filter 
through an S-1 filter pad on a Buchner funnel, 
discarding the first 75 ml. Follow procedure. 

Oil Suspension. — Using a washout pipet, transfer 
a 5.0-ml. sample (50 rug. of tetracycline) to a 250-ml. 
volumetric flask. Wash the pipet with acetone 
(25 ml.). Mix. Add slowly and with constant 
swirling, 20 ml. of I A’ HCl and about 100 ml. of 
water. When the oil has coagulated, dilute to 
mark mth water and mix. Filter through What- 
man No. 42 paper, discarding the first 10 ml. Follow 
procedure. Do not consider the oil as part of the 
dilution in the calculation. 

Troches. — Use the isolation and purification 
technique described under chlortetracy'cline troches. 
After this, transfer the Magnesol magnesium 
trisilicate residues containing tetracy’cline to separate 
100-ml. volumetric flasks with about 25 ml. of water. 
One of these will be the blank and the other the 
sample. 

Now add 1 ml. of bisulfite solution and 10 ml. 
of buffer solution to each flask. Suspend in a 
boiling water bath for four minutes. Swirl oc- 
casionally. After the four minutes have elapsed, 
remove one flask and add 6 ml. of 5 N HC! to the 
other. Cool the one removed, make to about 
90 ml. with n-ater, add 6 ml. of 5 N HCl then dilute 
to mark and mix well. This will be the blank. 

After adding 6 ml. of 5 N HCl to the flask in the 
boiling water bath, heat for an additional five 
minutes. Cool and make to mark with water. 
This will be the sample. 

Centrifuge a portion of the blank and sample. 
Determine the absorbance at 434 mp with water in 
the reference cuvette. The absorptivity of{tetra- 
cycHne HCl under the above conditions of assay 
is 155.0. This value should be used rather than the 
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one given in the general method of assay, -nhen 
calculating the amount of tetracycline per troche 

If available, a standard should be determined mth 
each sample This can serve as a check on the 
conditions of assaj' 

SUMMARY 

1 Specific spectrophotometnc assay’s have 
been developed for tetracycline and chlortetra- 
cycline 

2 Procedures are described in which the 
assay's may be used for various types of phar- 
maceutical products 

3 An isolation technique has been developed 
that may be adapted to other problems 
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Polarography of Some Phenylmercury Amide and 

Imide Compounds* 


By SISTER M. LAWRENCE O’DONNELL and CORNELIUS W. KREKE 

Several amide and imide compounds of phenylmercury were prepared and their 
stability studied polarographically under different conditions. The half-wave po- 
tentials of these compounds were found to be identical, within experimental error, to 
the decomposition potential of phenylmercuric hydroxide, suggesting a ready hy- 
drolysis in each case. Other characteristics of the polarograms were also compared. 
Polarograms of mixtures of the coordinating compounds with phenylmercuric 
hydroxide in molar ratios greater than 1 : 1 were obtained. An increase in the half- 
wav e potentials to greater negative values in the case of the amides of higher molecu- 
lar weight and also succinimide indicates a greater binding of these compounds 
with phenylmercury as contrasted with the amides of lower molecular weight which 
did not shift the half-wave potentials under the conditions employed. 


Tn a recent publication bv Smalt, el al (1), 
sev’eral phenvlmercury compounds were stud 
led as biological inhibitors with oxidatnm enzymes 
as test systems The authors found that vv'ith 
the exception of phenylmercuric succinimide 
and phenylmercuric phthalimide all the com- 
pounds studied were quantitatively similar to 
phenylmercunc hv droxide, and concluded that 
the compounds dissociated readily in vv'ater 
presumably acting on the enzvmies as the free 
phenylmercuric ion 

The mode of action of the organic mercunals 
is assumed to involve a specific reaction with 
sulfhydrv 1 groups of the proteins of the cell (2) 

* Received October *’» I'*>S from the Dept of Chemistr> 
Mount Merev Cf'l!c,.e Pitt«burch 13 Pa 

Read before the Ninth Pilt«;burgh Conference on Analj iical 
Cheraistrv and A,pplied Spectroscopj , March POS 


Still greater specificity is also postulated bv 
Hughes (2), selective binding sites among the 
sulfltydryl groups resulting in differences in 
bioIog;ical action as diuretics, germicides, fungi- 
cides, antiseptics, and antisyphilitics The 
situation is complicated, however, since some 
enzymes which are normally considered non- 
sulfhydryl dependent are also inhibited by the 
mercunals (3, 4) suggesting that in these cases 
the phenylmercuric ion or the undissociated 
molecule reacts nonspecifically with other ts 
sential groups 

Since the phthalimide compound and to a lesser 
extent the succinimide compound were not as 
cffectiv-e as phenylmercury' hydroxide in the 
depression of enzyme activ'ity, the inference can 
be drawn that they arc less readily hydrolyzed. 
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an inference which seems strange m view of the 
fact that phenjlmercury amide compounds were 
among the most effective as inhibitors 

In order to test this hypothesis, several 
phenylraercur)’^ amide and imide compounds 
were prepared and tested polarographically for 
their stability in water solution Compansons 
were made with the parent compound, phenvl- 
mercuric h}'droxide, in the magnitude of the 
half-wave potentials 

EXPERIMENTAL 

Preparation of Compounds —Equimolar mivtures 
(0 01 moles) of the plieni Iniercunc h\ dro\idc 
(Berk &- Co), recrj stalhzed from iiater and the 
amide or imide (Eastman) compounds nere placed 
m a flask and 100 ml of water added This mixture 
was refluxed for thirt\ minutes and the solid pre- 
cipitate filtered off and recn stallized from water or 
an alcohol-water mixture The compounds were 
dned m the x'acuum desiccator and analyzed for 
mercun bj the method of Pierce (5) The com- 
pounds prepared are given in Table I along with 
their analj ses and melting points 


Table I — Meltivg Point and Analxsis of Some 
Pheni lmbrcurv Compounds 



Mercun % 

Melting 

Point 

Uncorrected 

Compounds 

PM h> drox 
ide“ 

PM acetate'' 
PM acetam- 
ide 

PM propion 

Calcd 

Found 

°C 

224-227 

147-160 

160-162 

amide 

PM butj r- 

57 35 

57 54-56 09 

95-96 

amidc 

PM isobutvr 
amide 

PM valer 

55 14 

57 79-55 54 

66-67 

69-70 

amide 

PM isov'alcr- 

53 09 

52 05 

74 5—75 5 

amide 

PM hexan- 
amidc 

PM nonan- 

53 00 

52 10-52 34 

78-81 

60-62 

amide 

PM benz- 
aiiiidc'’ 

PM suecni- 
iniidc'' 

PM phthal 
imidc" 

46 22 

46 00 

72 5-73 5 

172-173 

195-190 3 

212 5-213 5 


Compovmd not new 


Polarography. — The Polarograph used was a Sar- 
gent Manual Model III The potentials were 
measured against the standard saturated calomel 
electrode \t a pressure of 00 cm of mcrcurr the 
drop time (l) was 3 2-3 C sec /drop The Liiigane 
and Lailuieu (G) K cel! was used DissnU ed oxr gen 
w IS rcniincd b\ passing nitrogen through the test 
solution for 15 minutes The supporting electrob te 
w IS 0 05 lY KCIO, Three drops of 0 01' ^ gelatin 
were used to suppress the maxima 


Preparation of Test Solutions — Stock solutions 
of the pheni Imercure compounds w ere made up m 
water at a concentration of 12 X 10“^ 2/ except 
m the case of the phthahmide compound where 
decreased water solubihtv made it difficult to work 
with lee els aboee 4 X 10~' M Fift\ milliliters of 
the stock solution and 100 m! of 0 1 .V KCIOj 
were placed m a 200 ml eolumetnc flask, the pH 
adjusted to 7 0 with 0 1 N KOH and the solution 
diluted to the mark (final concentration 3 X lO"' 
M) It was found that during the polarographic 
reduction there was a change of not more than 0 2 
pH toward the acid side 

Results and Discussion — All of the phent Imer- 
cun compounds studied were reductneli dccom 
posed m a tw o single electron step process similar to 
that demonstrated before b\ Benesch and Benesch 
(7) and Wuggatzer and Cross (S) for similar mercun 
compounds According to Benesch and Benesch 
(7) the two waves correspond to the two step rediic 
tion 

RHgOH -I- H+ -f e RHg* -(-HO 

RHg*-|-H+-fc RH -f Hg 

In the first step which occurred at a voltage of 
0 200-0 220 the In droxide or phen\ Imercunc ion 
IS reduced to the phen\ Imercun radical In the 
second step, the radical is decomposed into the hj 
drocarbon and free mercun (E'A = — 1 14 v ) 

This reduction is reported to be irreversible (6) 
and one might expect it to be so since the phenj 1 
mercurj radical is formed It was reported bj 
Benesch and Benesch (7) that the slopes of the waves 
varied with conditions such as concentration and 
pH and no simple relationship between potential 
and current (such as a linear plot of E lersus log 
</(«f — i)) was found to describe the waves 41so 
the phenj Imcrcurv radical and resulting reaction 
products are absorbed in the mercurv surface and 
lead to some wave irregularities However, ac 
cording to Lmgane (9) the half wave potential is a 
characteristic of a compound even though the de- 
composition IS not reversible and Calvin and 
Bailev (10) on this basis were able to make a com 
panson of the stabihtj of a whole senes of copper 
chelates 

In this work a comparison was made of the half 
wave potentials of some phenv hnercurv amide 
and imide compounds It was found that all of the 
compounds were reductivclv decomposed m a two 
step process similar to that of the parent compound 
and the data reported here giv e the range of poten 
tials obtained The work of Benesch and Benesch 
(7) and Wuggatzer and Cross (8) showed that there 
IS considerable v anation m the half-vv av e potentials 
of phenv Imercurv compounds w ith change in buffer, 
pH, and concentration of the mercurial For 
instance, Wuggatzer and Cross report values for 
the first halfwave potcntiil for phenv Imercunc 
nitrate as —0 132 v at pH 7 0 m Bntton-Robinson 
buffer and — 0 247 x^ m Michaelis buffer s\ stem 
Under the condition of our expenments we obtained 
the results shown m Table H The value of the 
first hilf wave for phenv Imercunc hv droxide varied 
from -0 20 to -0 22 v vv ith an av erage of 0 210 \ 
■\niong the phenv hnercurv amide and imide com 
pounds there vvas somevvhit more v anation in the 
first half wave I'alues obtained v aned from 0 200 v 
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for the phenylmercurj’ benzamide and phenylmer- 
cury phthalimide to — 0.245 v. for the isov'aleramide 
and succinimide compounds. Since the averages for 
the half-wave potential for each compound were 
approximated' the same as that of the phenyl- 
mercuric hydroxide and considering the overlapping 
in the range of values obtained for each compound 
it was concluded that not much significance could 
be attached to these variations. Accordingly, it is 
apparent then that these mercurs’ amide and imide 
compounds dissociate readily in water to the hy- 
droxide so that in each case the reductive decomposi- 
tion of phenylmercuric hydroxide is measured. 

This comparative study was repeated under a 
variety of conditions such as lower concentration of 
mercury compound, other carrying electrolj’tes as 
potassium acetate, and with buffer sj’stems such as 
that prepared by Britton-Robinson. The same 
relative results were obtained but the potentials 
were shifted to lower values (—0.10 to -0.18 v. 
for the hydroxide) and the reproducibility of data 
was not as good. With potassium acetate as carry- 
ing electrolyte, high residual currents were obtained, 
probably because of the formation of mercuric 
acetate complexes. The results obtained in Britton- 
Robinson buffer agreed well with those of Benesch 
and Benesch (7) and Wuggatzer and Cross (8). 
A slight increase in the half-wave potentials was 
obtained for all the compounds with an increase in 
pH, suggesting the irreversibility of this reduc- 
tion (7). 

The second half wave of phenylmercury hy- 
droxide was — 1.145 V., an average of ten determina- 
tions. With the phenylmercury amide and imide 
compounds, there was considerable variation in 
this second half wave, values obtained under the 
condition of our experiments varying from — 1 .080 in 
the case of the propionaraide compound to — 1.225 v. 
for the valeramide compound or a range of 145 
mv. Since this potential measures the same reac- 
tion in all cases, that is, the reductive decom- 
position of the phenylmercury radical, less variation 
might be expected. The overlapping of the ranges 
of values obtained suggests that the variations are 
not significant. 

Phenylmercurj' hj'droxide had an average wave 
height of 1.6 raicroarap. in the first wave and 3.61 
microamp. in the second. This agrees with the 
average wave heights for the amide and imide com- 
pounds of 1.56 (range 1.48-1.93) and 3.83 (range 
3.32-4.19 microamp.). The wave heights increased 
for all the compounds with increasing concentration 
of the mercurial but varied with the different buffers 
used and the acidity of the media. 

In Tabic III is given data showing the effect of 
increasing concentration of the amides and imides 
on the half-wave potential of the first reductive 
decomposition of phenylmercuric hydroxide. It 
will be obsen'ed that with the amides of lower 
molecular weight there is no change in the half-wave 
potential even in molar ratios of amide to mercurial 
of 1,000:1. With the hexanamide there is a signif- 
icant increase in negative potential (range —0.300 
to —0.342 V.) at a molar ratio of amide to mercurial 
of 1,000:1 amounting to an average increase of 111 
mv. A significant increase was also obtained with 
succinimide in a molar ratio of 100:1 (range of 
potential —0.255 to —0.262 v.) and for nonanaraide 
in a molar ratio of 10:1. The effect of nonanamide 


Table II. — First Half-Wave Potentials for 
Phenylmercury Amide and Imide Compounds 


Compound 

First Half-Wave 
Potential'* 

PMOH 

0.200-6.220 

PM acetamide 

0.212-0.225 

PM propionamide 

0.212-0.240 

PM valeramide 

0.216-0.235 

PM isovaleramide 

0.226-2.245 

PM hexanamide 

0.200 

PM nonanamide 

0.220-0.225 

PM benzamide 

0.200-0.214 

PM succinimide 

0.220-0.245 

PM phthalimide 

0.200-0.220 


“ At least 10 determinations were made, in some cases 20 


above this ratio could not be studied because of its 
insolubility in water. 

Since the excess of amides and imides did not 
change the ionic strength of the media, nor ap- 
parently change the wave heights of the first or sec- 
ond wave and did not significantl 3 ' change the po- 
tential of the seeond reductive deeomposition it 
must be coneluded that the effect of the hexanamide, 
nonanamide, and succinimide (and presumably 
phthalimide) was one of shifting the hj’drolytic 
equilibrium toward the complex. How far the 
equilibrium is shifted is, of course, impossible to 
ascertain from these experiments. The lack of 
appearance of a third wave, one for the decomposi- 
tion of the phenylmercuric amide or imide compound 
as was found by Benesch and Benesch (11) for 
glutathione and phenylmercury may indicate either 
that the position of this third wave is sufficiently 
close to that of the phenylmercuric hydroxide so 
that only a resultant wave was obtained under the 
condition of our experiments or that the shift of 
equilibrium by the excess of amides and imide was 
relatively small even with the large excess of com- 
plexing compound. 

In either case it is evident that the amide com- 
pounds of lower molecular weight are readily hj’- 
drolj'zed even with the amides present in large 
e.xcess. This is also true for the amides of higher 
molecular weight and also the imides when present 
in solution with the phenylmercuric hj'droxide in a 
molar ratio of 1:1. A rough parallelism seems to 
exist between the increase in negative half-wave 
potential and molecular weight of the complexing 
amide or imide, with the increase in organic solu- 
bility of the resulting phcnj'lmercurj' amide and 
imide compound, and also with their decrease in 
water solubilitj'. 

DISCUSSION 

K. L. Mandal studied the formation and stability 
of 3- and 4-coordinated compounds of mercury 
dibenzidine (12) and also 4-coordinated mercuric 
salts with diamines (13). He concluded from his 
work that mercury does not appear to fonn stable 
4-coordinatcd compounds, hydrolyzing very readily 
in water to the more stable 3-coordinated compound. 
The one e.\ception he found was the dibenzidinc 
dipiperidine compound which was insoluble in 
water. Among the 3-coordinatcd compounds onl}' 
the dibenzidine pj-ridine and piperidine compounds 
were stable in water. Diamines both aliphatic 
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Table III — Effect of Excess Concentrations of Amides and Imides on the Half-Wave Potential 

OF Phenylmercuric Hydroxide 







3 X l0-< 

3 X 10-> 

"“g jo_. 

3 X 10-> 


1 1 

1 10 

1 100 

1 100 

Acetamide 

-0 219 

-0 217 

-0 217 

-0 226 

Propionaraide 

Valeramide 

-0 216 

-0 217 

-0 214 

-0 207 

-0 220 

-0 214 

-0 203 

—0 225 

Hexanamide 

-0 213 

-0 218 

-0 244 

-0 326 

Nonanamide 

-0 232 

-0 364 


-(0 300-0 342) 

Succinimide 

-0 222 

-(0 360-0 440) 

-0 225 

-0 258 

-0 270 

Phthalimide 

-0 202 


-(0 255-0 262) 

-(0 250-0 280) 


° At least 9 determinations for each 


and aromatic appear to form 4-coordinated com- 
pounds which are stable in organic solvents 

Our work, in general, confirms that of Mandal. 
While it is comparatively easy to prepare the 2-co- 
ordinated compounds of phenjdmercury such as the 
phenylmercuric amide and imide compounds, at- 
tempts to prepare amide and imide compounds in 
which the coordination was 3 and 4 were unsuccessful. 
Reactions were attempted by heating in several 
organic solvents (CHClj, acetone, alcohol, ether) 
and also by melting the compounds together. The 
2-coordinated compound was obtained on crj'stal- 
lization. 

Preparation of phenylmercury compounds of bi 
and tridentate chelating agents such as glycine, 
jS-alanine, 7-aminobutyric acid, ethylene diamine, 
diethylene triamine, glycylglycine, and EDTA (see 
table IV) were successful but no evidence could be 
obtained polarographically that chelation took place 
EDTA added to a phenylmercuric hydroxide solu- 
tion in molar ratios of 1 1 and 10 1 had a E'/: 
of 0 240 or about 0 02 v. more electronegative than 
phenjdmercuric hydroxide, thus indicating only a 
slightly greater stability in water solution. How- 
ever, in a 50 50 (v/v) pyridine water solution with 
0 1 jlf potassium nitrate as carrjdng electrolyte, 
phenj'lmercuric y-aminobutyric acid had a £'/: about 
375 mv. more negative than phenylmercuric hy- 
droxide. 


Table IV — Melting Point of Some Possible 
Phenylmercury Chelate Compounds 


Compound 

MelUng 

Point, 

‘’C 

Possible 

Coordination 

of 

Resulting 

Compound 

PM d-alanine 

195-215d 

3 

PM 7-amiiiobutvric acid 

16G-170d 

3 

PM gUciuc 

120-124 

3 

PM glvcvlgh cine 

1G2-I63d 

4 

PM dictliyicnc triain- 
me 

122-123 

4 

PM EDTA 


4 


While phenylmercury may form stable chelates 
in organic solvents it is evident that among the 
compounds studied the complexes of phenylmercury 
arc readily hjdrolyzcd as shoun from this study 
The ready dissociation of all the amide and imide 


compounds observed in this study partially confirm 
the conclusions of Smalt, e/ al. (1), who found that 
phenylmercuric acetamide and benzamide uere 
equally as effective as phenylmercuric hydroxide as 
biological inhibitors and who also found a ready 
dissociation of these compounds in chromatographic 
studies with neutral solvents. The results of this 
study are not consonant with their conclusion as to 
the lesser dissociation of the phenylmercuric suc- 
cinimide and phthalimide compounds. 

From these polarographic studies it is evident that 
the decreased biological activity of the phthalimide 
and succinimide cannot be explained on the basis of 
greater stability. Possibly a greater lipoid solu- 
bility or a decreased water solubility may play a 
part in determining the germicidal efficacy. It was 
observed in this study that the formation of the 
amide and imide complexes greatly decreased the 
solubility of the phenylmercury' in water and in- 
creased its solubility in organic solvents and it was 
noticed also that this solubility effect increased uith 
increasing molecular weight of the complexing 
ligand. 

From the data presented it seems that the stabil- 
ity of the phenylmercuric imides is no greater than 
that of the amides unless one compares the imides 
with the amides of lower molecular weight This 
observation is only partially in agreement with the 
findings of Whitmore (14) from measurements of 
conductivity that the Hg — N linkage of imides is 
more stable than the Hg — N of amides^ 
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Studies on Antibacterial Vapors of 
Volatile Substances* 

By THOMAS C. GRUBB 


Two simple methods are described for making a quantitative estimate of the bacterio- 
static and bactericidal action of vapors from volatile substances One method is 
used for static exposure periods of twelve to eighteen hours, the other is for dynamic 
exposure periods as short as one second The results of screening twenty-two com- 
pounds b) the former method are described The types of bacteria commonly as- 
sociated with respiratory infections were employed as test organisms It is interest- 
ing to observe that many of the drugs which have been employed empirically many 
years for the inhalation therapy of respiratory infections display a measurable degree 
of /« vtho antibacterial and antiviral activity 


T^or centuries mankind has sought to alleviate 
and cure its sufferings from manv types of 
diseases by the inhalation of \ apors from volatile 
oils, incense, etc It seemed reasonable to 
believe that if the disease uas localized in the 
respiratorv tract or if the most severe sy mptoms 
uere confined to this area, the most direct attack 
on the source of the disease was bv the inhala 
tion of some volatile medication As empiricism 
gav e u ay to the scientific method, bacteriologists 
began to test the \oIatile substances ivluch 
folklore had credited with therapeutic value 
Thus w ithin a comparatively short time, a number 
of publications appeared yvhich clearly demon 
strated by accepted techniques that the ympors 
from a number of substances were able to inhibit 
the groyy th or actually kill many different ty pes 
of pathogenic bacteria and some yuruses In 
1920 Macht and Kunkel (1) shoiycd that the 
y apors from myrrh, cinnamon, incense etc 
exhibited distinct bacteriostatic but slight 
bactericidal action on Escherichia cob and Psen 
domonas pyocyaiieus Iilorel and Rochaix (2) 
exposed meningococci, ty phoid bacilli, staphy' 
lococci, diphthena bacilli and anthrax spores 
to the y apors of y anous essential oils Of 
these, the oils of citron, thyme, and orange 
were found to be germicidal after fifteen minutes 
contact for some species yyhile other species 
required as long as eight hours exposure Hoy\ 
eycr, they yrere unable to kill anthrax spores 
under any of their experimental conditions 
Schobl and Kusana (3) shoyyed that vapors 
from a number of essential oils had a bacteno 
static effect on the tubercle bacillus Vibrio 
cholcrae, and staphvlococa Walker, el al 
(4), noted that vapors from onions possessed 
bactenadal activ it\ In 1927 Wrenn (5) ir 
radiated cod Iner oil, cottonseed oil, olive oil 
etc and co icludcd that secondary germicidal 

*Rec«\etl ‘September 2' IOj*' from the \ jck Chemical 
Co Bk>^)mrield \ J 

Pre^^ented at the \ IT IntemTtional Congress for Micro 
biolos% 4 P>oS Stockholm Sweden 


emanations were produced from these oils 
However, five y^ears later, Hams, et al (G), 
demonstrated that Wrenn had incorrectly in 
terpreted his findings since the germicidal action 
of the irradiated oils resulted from the production 
of volatile peroxides These same workers (7) 
also studied the effect of irradiating various fish 
and y^egetable oils in the production of antiseptic 
vapors After a fifteen minute irradiation period, 
cod liver oil vapors inhibited Streptococcus 
eptdenitcus, Eberlhella tybhosa, E cob, etc 
Moreover, if these oils were irradiated for twenty - 
five minutes, then their vapors prevented the 
germination of Clostridium sporogenes and Baal 
bis subblts spores The antibactenal activity 
of garlic vmpors was studied by Walton and his 
CO workers (8) who reported that expsoure for 
penods of four to one hundred twenty minutes 
at 37“ was inhibitory for Mycobacterium biityn 
cum, l/ycobaclennm smcgmatis, and Serratia 
marccsens In another publication by' McKnight 
and Lmdegren (9), Mycobacterium leprae was 
inhibited after one hour s exposure to garlic 
vapors at 37° The germicidal activity of these 
vapors was attributed to their acrolein content 
by Vollroth, of (10) 

In 1940 Lebduska and Pidra (1 1) published the 
most extensive study' on the antibacterial action 
of v'apors reported m the literature up to that 
point These workers streaked plates with 
E coll and S aureus and exposed them to the 
vapors of a v'ariety' of substances, many' of which 
display ed bacteriostatic or bactericidal action 
In the same year Foter (12) tested the anti 
bacterial activity of vapors from allyl isothio 
cy anate and related oils He concluded that the 
bacteriostatic action of garlic vapors was due 
to their ally 1 isothiocv anate content 

The vapors from cinnamon and eucalyptus 
oils were found by Remlinger and Badly (11) 
to be bactericidal for the ty phoid and para- 
tv phoid bacilli as well as neutralizing the y iru'cs 
of rabies pseudorabies, and equine cncephalo 
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myelitis In China, Chu and Pai (14) descnbed 
the bacteriostatic action of garlic vapors for 
Staphylococcus aureus after ten minutes contact 
and E typhosa after twenty minutes contact at 
37° In Russia, Tokin (15) studied the anti 
bactenal action of vapors from various plants and 
concluded that the vapors from onion and garlic 
were the most potent Tokin found that an 
onion paste ceased to produce bactericidal vapors 
ten to fifteen minutes after it was prepared The 
mechanism of the antibacterial vapors from cod 
liver oil was further clarified by Ross and Poth 
(IG) who demonstrated that fresh oil did not 
produce antiseptic vapors against S aureus, 
B subiihs, and E coh, but that oil which had 
been exposed to the air or had its natural anti- 
oxidants removed did give off antiseptic vapors 
Their results suggested that the germicidal prin 
ciple in the vapors was acrolein 

EXPERIMENTAL 

The purpose of this report is to describe in vitro 
methods for making a quantitatne evaluation of the 
antibacterial activitj of the vapors of v’olatile com 
pounds Attention vias directed priniarilj to com 
pounds which might be used therapeuticallj rather 
than to substances which are used on inanimate ob 
jeets, e g, ethjlcne oxide, beta propiolactone, tn 
cthjlene gljcol, etc 

When It IS not important to determine how rapidlv 
\ apots inhibit or kill bacteria, a static technique niav 
be used as follow s Exactlj 20 ec of nutrient agar 
are poured into Petri dishes, and after the medium 
has solidified, one drop of a 1 100,000 dilution of 
5 aureus is placed on the agar and spread urn 
formlv over the surface with a sterile glass rod 
The inoculated medium is then inverted ov cr the top 
of the cov er of the Petri dish w Inch contains the sub 
stance to be tested Theie are a number of vvajs 
that the \ apors from the test substance nia> be cv al- 
uated, however, it is important to remember that 
where quantitative tests are being carried out for 
comparative or control purposes, it is essential that 
the qiniititv and .area of the exposed surface of the 
test substances be identical m all tests Best results 
have been obtained bv annealing glass rings 20 inm 
in dnmeter and 0 5 mm high in the exact center of 
the inner surface of a Petri d,sh top The substance 
to be tested is then placed in this cup and the inocu- 
lated bottom iiiv erted ov cr it Less satisfactorj is 
the application of the test substance to a filter paper 
circle approximatelj 4 mm in diameter which is 
111 iced m the center of the dish cov er If the test 
substance is a powder, it mav be dissolved m some 
nonv olatile soh ent, the filter paper then dipped into 
It and placed on the inner surface of tlic Petri dish 
top Volatile solvents m iv be used provided a con 
trol with the solvent alone is tested, and if it also 
produces aiilibactcn i! v apors, the effect of these v i- 
pors must be taken into account in determining the 
net effect of the compounds under test 

Since a considerable variation in plate counts is to 
be expected, it is csscnti il to emplov a suflicicnt num- 


ber of replicate plates so that the results will be sta- 
tistical!} significant -After the plates have been 
prepared, the} are placed m the 37° incubator for 
eighteen to twentv four hours before counting The 
covers are then removed and replaced vvitli fresh 
sterile tops not containing the test substance These 
plates are then returned to the incubator for an ad 
ditional eighteen to twentv four hours The first 
count mav be considered the ‘ bacteriostatic” count 
and the second, the "bactericidal” count, since colo 
nies often appear after fortv eight hours which were 
repressed during the initial incubation period One 
additional test mav be carried out to be certain that 
the absence of grow th after the fortv eight hours in- 
cubation period is the result of bactericidal action and 
not merelv bacteriostasis caused bv absorption of the 
vapors into the medium A sterile cork borer 1 0 
cm m diameter is used to remoi e agar cores from 
the plates where no growth has developed (while the 
control plates show considerable growth m a corre 
spondmg area) Each core is transferred asepticallv 
to a flask containing 250 cc of nutrient broth and 
incubated at 37° for one w eek If no v isiblc grow tli 
develops, it is reasonable to assume that no viable 
bacteria were picsent m the agar sample tested 
Using the above methods, raanv variations ma} be 
introduced according to the needs of the problem 
For example, different organisms, media, and con 
centrations of the inoculum mav be emplo}ed 
Table I shows not onlv the bacteriostatic and bac 
tericidal action of 0 5% chlorothv mol mixed w itli 
other essential oils, but also indicates a v ast difference 
m the resistance of tw o different strains of S aureus 
to these x apors 


Table I — Bacteriostatic and Bactericidal 
Action or Chlorothv mol \ apors on 3' aureus 



. — Total Number of Colonies per Plate — • 

Test Substance 

2 1 Hr Incubation 

48 Hr 

Incubation 


M 

B 

M 

B 


Strain 

Strain 

Strain 

Strain 

Control 

265 

330 

265 

354 


222 

352 

225 

360 


252 

293 

260 

300 


93 

308 

93 

310 


225 


225 


Mean 

211 

321 

213 

331 

0 5% Chloro 

259 

0 

270 

4 

thv mol 

246 

0 

246 

13 


212 

0 

220 

4 


232 

0 

235 

0 


280 

0 

2S0 

8 

Mean 

246 

0« 

250 

0“ 


® Agar plugs cultured from areas without colonies did not 
show anj growth after sc\en dn^s incubation at 37® 


In Fig 1 the number of colonies and their distribu- 
tion when a resistant and susceptible strain of 5 
aureus arc exposed to the vapors of 0 5% chlorothv 
mol for tw entv four hours mav be observ ed 

Using the static technique, ov er 50 different sub 
stances were screened for their antiseptic vapor ac- 
tion, with ^ aureus and Klebsiella pneumontae as the 
test organisms In Table II onlv those substances 
which showed some activitv against either of the 
test organisms are recorded 

These results indicate that manv more substances 
are activ e against S aureus than against Kl pneu- 
moniae, and if one substance is effective against both 
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Table II — Comparative Antibacterial Vapor 
Action of \'arious Substances on 5 aureus 
and Kt pneumoniae 


Inhibition 

of 

G^o^^th, % 

Test Organism 

Substance® 

75-100 

5. aureus 

Salicjdaldehyde 


Kl pneumoniae 

Oxyquinohne 

Chlorothymol 

Oil of mustard 
0\}-quinohne 

25-75 

S aureus 

Thj’mol 


Kl pneumoniae 

Laurj’l alcohol 

Phenjd isothiocyanate 
None 

25-50 

S. aureus 

O.xyquinoline benzoate 


Kl. pneumoniae 

Methyl cinnamate 
Caproic acid 
Turpentine 

O.xj'quinoline benzoate 

5-25 

S. aureus 

Salicylaldehyde 

Oil of cloves 


Kl pneumoniae 

Oxalidine 

Menthol 

Chlorobutanol 

Beta pinene 

Deejd alcohol 
Camphene 

Oleoresin of capsicum 
ChlorothjTnol 


“ Dilutions of 1-5% in tnethylene glycol or petrolatum 


Fig 1 — Comparative resistance of 5 aureus 
strains Number of colonies developing in control 
(left) and 0 o'/C chlorothymol (right) static vapor 
test after twenty-four hours e\posure Note dif- 
ference between susceptible B strain (upper) and re- 
sistant M strain (lower). 

organisms, it is usually more effective against S 
aureus 

In addition to the testing of antibacterial vapors 
under static conditions, it may be important to test 
them under d\ namic conditions in which the vapors 
pass rapidh across the surface of the test organisms 
for various time intervals The apparatus employed 
for this purpose is show n in Fig. 2. 


1 ' 



Fig 2. — Diagram of apparatus employed in the 
dynamic vapor exposure tests. 1, air inlet; 2, 
cotton air filter; 3, stopcock; 4, gauze impregnated 
with test substance; 5, two-hole rubber stopper; 0, 
copper tube with pinholes, 7, agar slant; and 8, air 
outlet 

Through one hole of a two-hole rubber stopper is 
passed a copper tube (0 2 mm diam.) 10 cm. long 
closed at the distal end and having "pin” holes (0 1 
mm diam ) every 2 cm along the length of the tube; 
and through the other hole is passed a glass tube 5 
mm in diameter The stopper is inserted tightly 
into the end of a test tube containing an inoculated 
agar slant Sterile air is drawn through the tube 
containing cotton gauze impregnated with the sub- 
stance to be tested and into the copper tube inserted 
into the culture tube in such a way that the pin holes 
are facing the agar slant, and the air flows uni 
formally across the inoculated surface of the agar 
The outlet tube is connected to a flowmeter. The 
air flow is adjusted to 17 5 cc /second and by means 
of the stopcock, the inoculated medium can be ex- 
posed to vapors for any time interval from one sec- 
ond upw'ard 

After the inoculated tube has been treated with 
the flowing vapors for the desired period, it is re- 
moved from the two-hole stopper and the sterile 
cotton plug replaced with aseptic precautions 
After all the tubes in a given experiment have been 
exposed to the vapors, they are incubated at 37° for 
twent}--four hours and the number of developing 
colonies counted. Any reduction in the number of 
colonies compared to the air control indicates a 
bacteriostatic or bactericidal action. The results 
of a typical experiment with the very effective 
ox3-quinoline vapors and ineffective trieth)’lene glycol 
after thirty to one hundred and twenty seconds con- 
tact are show n in Fig 3 

The results of testing the dj'namic vapors effect 
on other types of bacteria associated with respira- 
tory infections are shown in Table III. 
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Table III. — Antibacterial Action of Oxyqdinoline Vapors on Various Respiratory Bacteria 


•Total number of colonies per tube- 


Test Organism 

Exposure 

30 sec. 

00 sec. 

90 sec. 

120 sec 

5. aureus 

Air control 

338 

356 

356 

492 


Oxyquinoline 

117 

50 

0 

0 

Pneumococcus 

Air control 

48 

52 

60 

40 

Type III 

Oxyquinoline 

28 

1 

1 

0 

Hemolytic 

Air control 

a 

106 

126 

166 

streptococcus 

Oxyquinoline 


26 

0 

0 

H. influenzae 

Air control 

87 

73 

97 

63 


O.xyquinoline 

64 

34 

50 

21 


® Test not completed. 
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Fig. 3. — Dynamic vapor tests on S. aureus. Num- 
ber of colonies developing in air control (left), tri- 
ethylene glycol (center), and oxyquinoline (right), 
after thirty to one hundred twenty seconds exposure 
to vapors and subsequent incubation for twenty- 
four hours at 37°. Time of exposure in seconds is 
shown below each tube. 

The results illustrate how rapidly certain vapors 
inhibit or till bacteria under the conditions of this 
test. Of course, to be certain that the absence 
of growth results from bactericidal rather than 
bacteriostatic action, subculture tests, similar to 
those described above, must be carried out. 

It is evident that by employing the above de- 
scribed static and dynamic vapor tests for detecting 
the antibacterial action of volatile substances, it is 
possible to make a valid quantitative comparison 
of their bacteriostatic and/or bactericidal action. 
By means of these tests, many substances have been 
screened for their potential therapeutic action. 

SUMMARY 

By means of suitable quantitative e.xperiments 
it was found possible to screen vapors from 


volatile compounds for their action on bacteria. 
It is thought-provoking to observe that a number 
of vapor-producing compounds which have been 
used for many years for the inhalation therapy 
of minor respiratory diseases (thjTnol, menthol, 
turpentine, oil of mustard, chlorothymol, etc.) 
have been shown to liberate vapors which are 
bactericidal for the types of organisms most 
frequently associated with respiratory infections, 
and also display a measurable degree of in vitro 
antiviral action against the influenza virus (17). 
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The Identification and Determination of Some 
Official Local Anesthetics as Tetraphenylborates* 

By L. G. CHATTEN, M. PERNAROWSKI, and L. LEVI 

The tetraphenylborates of some official local anesthetics may be prepared by inter- 
acting the hydrochlorides of the organic bases with sodium tetraphenylboron in 
aqueous citrate buffers at a pH of 6.0. The reaction affords a high degree of sensi- 
tivity, permitting the detection and quantitative estimation of these drugs. The 
ultraviolet spectra of the derivatives depend, mainly, on the spectral characteristics 
of the organic bases. Infrared measurements are presented to confirm the mecha- 
nism of reaction and to illustrate the value of the IR data for identification purposes. 


T NTO THAT class of drugs termed local 
"*■ anesthetics are incorporated three general 
groups of organic compounds: phenols, alcohols, 
and certain benzoic acid esters of short chain al- 
cohols. Although important, the first two broad 
groups are overshadowed by the importance of the 
third group, which includes dibucaine, pipero- 
caine, procaine, and tetracaine hydrochlorides as 
official drugs in the United States Pharmacopeia 
as well as naepaine hydrochloride and butetha- 
mine hydrochloride which are official in the Na- 
tional Formular)’. 

Although the official compendia prescribe cer- 
tain tests and standards for these local anes- 
thetics, new methods for their identification and 
analyses in pharmaceutical and to.xicological ma- 
terials are continuously being sought (1-5). Sev- 
eral years ago, Wittig and his co-workers found 
that the tetraphenylboron ion [B(C 6 H 5 ) 4 ]“ 
formed compounds with potassium, ammonium, 
rubidium, and cesium (G, 7, 8), which are very' in- 
soluble in water. This observ'ation and subse- 
quent reports that the ion also reacted with basic 
organic nitrogen compounds led to widespread 
investigations into the usefulness of the reagent in 
qualitative and quantitative analyses. Compre- 
hensive literature reviews on the subject have 
been published by Gloss (9) and Barnard (10, 
11 , 12 ). 

Vdiile the reactions of a wide variety of basic 
organic nitrogen compounds with sodium tetra- 
phenylboron have been reported in the literature, 
the local anesthetics have not been extensively in- 
vestigated. Gautier, Renault, and Pellerin (13) 
prepared the tetraphenylborates of procaine, 
tetracaine, and dibucaine. In addition, Schultz 
and Mayer (14) reported that this reagent would 
react witli certain local anesthetics. Fischer and 
Karawia (15) reported the preparation of pro- 
caine tetraphenylborate and stated the melting 

* Received April 25, 105S. from the Food and Drws: 
Directorate. Department of National Health and Welfare. 
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range to be 147-151°. Flaschka, Holasek, and 
Amin (16) showed that the reaction of the tetra- 
pheny'lboron ion with mercuric chloride resulted 
in the release of hydrochloric acid. This reaction 
was used to determine either potassium or various 
basic organic nitrogen derivatives of tetraphenyl- 
boron. Procaine was included in the compounds 
investigated. 

METHOD 

Apparatus. — Beckman pH meter, model G; 
Beckman glass electrode no. 1190-80; Beckman cal- 
omel electrode no. 1170-71; Fisher-Johns melting 
point apparatus ; Cary recording spectrophotometer, 
model 10; Beckman DU spectrophotometer; Per- 
kin-Elmer infrared spectrophotometer, model 21 ; and 
Micro-Kjeldahl apparatus (Scientific Glass Co.). 

Reagents and Solutions. — Dibucaine HCl, U. S. P. ; 
piperocaine HCl, U. S. P. ; procaine HCl, U. S. P.; 
tetracaine HCl, U. S. P. ; butethamine HCl, N. F.; 
naepaine HCl, N. F. ; methanol AR, obtained from 
Mallinckrodt Chemical Works; petroleum ether, 
A. C. S. ; acetone, A. C. S. ; glacial acetic acid, 

A. C. S. ; sodium tetraphenylboron solution 2% as 

prepared by Cooper (17) ; citrate buffers of pH 3, 4, 
5, and C as described by Clark (18); crystal violet 
indicator solution prepared by' dissolving 500 mg. in 
100 ml. of glacial acetic acid; acetous perchloric 
acid 0.1 A'’; and acetous perchloric acid 0.05 N. 

PROCEDURES 

Establishment of Purity of Local Anesthetics. — 
Each compound was recrystallized by' dissolving 10 
Gm. in 25 ml. of ethanol with the aid of heat. The 
solution was filtered while hot and cooled for thirty 
minutes in a refrigerator. Cry'stals were collected 
on a sintercd-glass funnel and dried at 100°. Melt- 
ing points were determined and nonaqueous titra- 
tions carried out potentiometrically' in anhydrous 
methanol using a glass calomel electrode system. 
The titrant was 0.1 acetous perchloric acid. 

Preparation of the Tetraphenylborates of Local 
Anesthetics. — Add to an accurately' weighed sample 
of about 0.2 Gm. of the local ane-sthctic or to an ac- 
curately' measured aliquot of the pharmaeeutieal 
product to be analyzed, 20 ml. of eitrate buffer (pH 
6) and. dropwise, 2% sodium tetraphenylboron sol- 
ution. Stir the solution well during the addition of 
the reagent and add approximately' 1 ml. excess. 
Set the mixture aside for about one hour and collect 
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the precipitate under suction in a sintered-glass cru- 
cible of fine porosity. Dry in a vacuum desiccator 
over phosphorus pento.vide for twenty-four hours. 

Volumetric Analysis of TetraphenylborateS. — 
Dissolve approximately 100 mg. of the local anes- 
thetic tetraphenylborate in 5 ml. of acetone. Add -45 
ml. of glacial acid and one drop of crystal violet in- 
dicator. Titrate to a blue end point for piperocnine 
and dibucaine tetraphenylborates and to a green end 
point for the tetraphenylborates of procaine, nae- 
paine, and tetracaine. 

Ultraviolet Measurements. — The spectra of both 
the hydrochloride salts and the tetraphenylborates 
were taken in anhydrous methanol. The final 
dilution was such that concentration, in all instances, 
ranged from 1 to 2 mg. in 100 ml. of solvent. No 
heat was used during the preparation of the solu- 
tions. Absorbances were determined in 1-cm. cells 
using either the Beckman DU or Cary^ recording 
spectrophotometer. From the data so obtained, the 
log f values were calculated and plotted against 
wavelength. 

Preparation of Samples for Infrared Examination. 
— The infrared spectra of the local anesthetics and 
their tetraphenylborates shown in Fig. 3 were re- 
corded on a Perkin-Elmer Double-Beam Model 21 
Spectrophotometer equipped ivith sodium chloride 
optics. 

The materials were finely powdered in a mechani- 
cal grinder until they would pass through a 250-mesli 
sieve (U. S. Standard Sieve Series No. 230). Ac- 
curately weighed amounts were then mixed inti- 
mately with sufficient reagent grade potassium bro- 
mide A. C. S.. treated similarly and dried overnight 
at 125° to obtain preparations of 0.5% w/w compo- 
sition. Aliquots of 200 mg. were subjected in vacuo 
to a pressure of 10,000 pounds/sq. inch for about five 
minutes and the absorbances of the clear disks thus 
produced measured over the frequency range e.xtcnd- 
ing from 4,000-650 cm."'. A potassium bromide 
disk prepared under comparable conditions was 
placed in the path of the reference beam to compen- 
sate for absorption by the reagent. After each ex- 
periment the disks were weighed in order to deter- 
mine the amount of sample present. The weight 
variations between different disks never e.\ceeded 
1 %. 

DISCUSSION 

The melting points of the purified local anesthetics 
and the results of the nonaqueous titrations of these 
compounds are reported in Table I. It is seen from 
this data that the compounds meet the requirements 
of purity as established by the "United States Phar- 


Tadle I. — Criterion of Purity of Local 
Anesthetics 


Compound 

McItinR Range, 

Purity 

by 

Non- 

aqueous 

Titration, 

* C 

Butethamine HCl 

193. 9-194. C 

99 9 

Dibucaine HCl 

9S.S-100 0 

100 1 

Naepaine HCl 

177-178 

99 9 

Piperocaine HCl 

175 

100 4 

Proctiinc HCl 

150.5-157 0 

99 4 

Tetracaine HCl 

147.5-149 9 

98 0 


macopeia" (19) and the “National Formulary” (20) 

The tetraphenylborates were prepared at pH 3, 4, 5, 
and 6, in accordance with the procedure described. 
Because of reports that increased temperatures, un- 
der certain conditions, decompose these derivatives 
(8, 21), the solutions were not heated. It was found 
that recoveries were essentially the same within a 
pH range of 3 to 6, provided the sodium tetraphenyl- 
boron solution was added slowly and with stirring to 
prevent co-precipitation of the citrate ions from the 
buffer. On recovery of the precipitates, there ap- 
peared to be little difference in their physical ap- 
pearance. In general, however, finer precipitates 
were obtained when the pH of the initial solution was 
either 5 or 6. On standing, the precipitates, pre- 
pared at pH 3 or 4, darkened slightly and developed 
phenolic-like odors. Only piperocaine tetraphenyl- 
borate appeared to be unaffected by pH throughout 
the range investigated. Percentage recoveries of the 
tetraphenylborates, prepared at pH 6, are recorded 
in Table II. Several commercial intravenous phar- 
maceuticals were also assayed by the proposed pro- 
cedure and comparative analyses carried out using 
the official method of the "United States Pharma- 
copeia” (19). From the data reported in Table III, 
it is noted that satisfactory agreement was obtained 
between tlie two methods. 

Using the procedures described in this paper, buta- 
caine tetraphenylborate could not be recovered 
quantitatively. E.vcessive clumping resulted in the 
formation of hard amber lumps and recoveries were 
erratic. The reaction was studied also with xylo- 
caine, cyclometh\-cainc, tronethanc, larocaine, hexyl- 
cainc, panthesin, and diothane. Generally, re- 
coveries of the tetraphenylborates were low, in these 
instances. No correlation between the chemical 
structure of the compounds investigated and their 
recoveries could be detected. Evidently other fac- 
tors also influence the course of the reaction. 

Crane (22) reported that the original tetraphcnj’l- 
borates were quite pure and required no recrystalliza- 
tion, Gautier, Renault, and Pellerin (13) estab- 
lished the purity of the individual derivatives by ti- 
trating them in glacial acetic acid with acetous per- 
chloric acid. The indicator was crystal violet. 
Their technique, wi'h slight modifications, was em- 
ployed in this laboratory to determine the purity of 
the tetraphenylborates. From the results of these 
titrations, as given in table I\\ it would appear that 
the compounds are of such high purity as to obviate 
the necessity of recrystallization. 

Ultraviolet Data. — Results of the ultraviolet stud- 
ies arc shown in Figs. 1 and 2 and summarized in 
Table U. It was found that, unlike the reagent, the 
local anesthetics and their tetraphenylljnrates ex- 
hibit marked absorption in tlie ultraviolet region. It 
is concluded, therefore, that the absorption of the 
tetraphenylborate is due primarily to the contribu- 
tion afforded by the local anesthetic. TJius « 
maximum values for the hydrochlorides and their 
tetraphenylborates are in close agreement in everj- 
instance. For dibucaine and piperocaine the X 
m.aximum of the hydrochloride and the tetraphenvi- 
borate occur at idctdieal wavelengths. However 
for procaine, naepaine, tetracaine, and butetliamine 
the A ma.vimum of the tctraphenvlboratcs are shifted 
by about 4-b nm tow.ard shorter wavclcngUis 

The . minimum values of the tetraphenylborates 
arc, m every mstance. considerablvhigher than those 



The Identification and Determination of Some 
Official Local Anesthetics as Tetraphenylborates’^ 


By L. G. CHATTEN, M. PERNAROWSKI, and L. LEVI 

The tetraphenylborates of some official local anesthetics may be prepared by inter- 
acting the hydrochlorides of the organic bases with sodium tetraphenylboron in 
aqueous citrate buffers at a pH of 6.0. The reaction affords a high degree of sensi- 
tivity, permitting the detection and quantitative estimation of these drugs. The 
ultraviolet spectra of the derivatives depend, mainly, on the spectral characteristics 
of the organic bases. Infrared measurements are presented to confirm the mecha- 
nism of reaction and to illustrate the value of the IR data for identification purposes. 


Tnto that class of drugs termed local 

anesthetics are incorporated tliree general 
groups of organic compounds: phenols, alcohols, 
and certain benzoic acid esters of short chain al- 
cohols. Although important, the first two broad 
groups are overshadowed by the importance of the 
third group, which includes dibucaine, pipero- 
caine, procaine, and tetracaine hv'drochlorides as 
official drugs in the United States Pharmacopeia 
as well as naepaine hydrochloride and butetha- 
mine hydrochloride which are official in the Na- 
tional Formularj'. 

Although the official compendia prescribe cer- 
tain tests and standards for these local anes- 
thetics, new methods for their identification and 
analyses in pharmaceutical and toxicological ma- 
terials are continuous!}’ being sought (1-5). Sev- 
eral years ago, Wittig and his co-workers found 
that the tetraphenylboron ion [B(CeH 5 ) 4 ]~ 
formed compounds with potassium, ammonium, 
rubidium, and cesium (6, 7, 8), which are very in- 
soluble in water. This observ’ation and subse- 
quent reports that the ion also reacted with basic 
organic nitrogen compounds led to widespread 
investigations into the usefulness of the reagent in 
qualitative and quantitative analyses. Compre- 
hensive literature reviews on the subject have 
been published by Gloss (9) and Barnard (10, 
11 , 12 ). 

VTiile the reactions of a wide variety’ of basic 
organic nitrogen compounds with sodium tetra- 
phenylboron have been reported in the literature, 
the local anesthetics have not been extensively in- 
vestigated. Gautier, Renault, and Pellerin (13) 
prepared the tetraphenylborates of procaine, 
tetracaine, and dibucaine. In addition, Schultz 
and Mayer (14) reported that this reagent would 
react with certain local anesthetics. Fischer and 
Karawia (1.3) reported the preparation of pro- 
caine tetraphenylborate and stated the melting 
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range to be 147-151°. Flaschka, Holasek, and 
Amin (16) showed that the reaction of the tetra- 
phenylboron ion with mercuric chloride resulted 
in the release of hydrochloric acid. This reaction 
was used to determine either potassium or various 
basic organic nitrogen derivatives of tetraphenyl- 
boron. Procaine was included in the compounds 
investigated. 

METHOD 

Apparatus. — Beckman pH meter, model G; 
Beckman glass electrode no. 1190-80; Beckman cal- 
omel electrode no. 1170-71; Fisher-Johns melting 
point apparatus ; Cary recording spectrophotometer, 
model 10; Beckman DU spectrophotometer; Per- 
kin-Elmer infrared spectrophotometer, model 21 ; and 
Micro-Kjeldahl apparatus (Scientific Glass Co.). 

Reagents and Solutions. — Dibucaine HCl, U. S. P. : 
piperocaine HCI, U. S. P.; procaine HCI, U. S. P.; 
tetracaine HCI, U. S. P. ; butethamine HCI, N. F.; 
naepaine HCI, N. F. ; methanol AR, obtained from 
Mallinckrodt Chemical Works; petroleum ether, 
A. C. S. ; acetone, A. C. S. ; glacial acetic acid, 
A. C. S. ; sodium tetraphenylboron solution 2% as 
prepared by Cooper (17) ; citrate buffers of pH 3, 4, 
5, and 6 as described by Clark (18); crystal violet 
indicator solution prepared by dissolving 500 mg. in 
100 ml. of glacial acetic acid; acetous perchloric 
acid 0.1 A^; and acetous perchloric acid 0.05 N. 

PROCEDURES 

Establishment of Purity of Local Anesthetics. — 
Each compound was recrystallized by dissolving 10 
Gin. in 25 ml. of ethanol with the aid of heat. The 
solution was filtered while hot and cooled for thirty 
minutes in a refrigerator. Crystals were collected 
on a sintered-glass funnel and dried at 100°. Melt- 
ing points were determined and nonaqueous titra- 
tions carried out potentiometrically in anhydrous 
methanol using a glass calomel electrode system. 
The titrant was 0.1 acetous percliloric acid. 

Preparation of the Tetraphenylborates of Local 
Anesthetics. — Add to an accurately weiglied sample 
of about 0.2 Gm. of the local anesthetic or to an ac- 
curately measured aliquot of the pharmaceutical 
product to be analyzed, 20 ml. of citrate buffer (pH 
6) and, dropwise. 2% sodium tetraphenylboron sol- 
ution. Stir the solution well during the addition of 
the reagent and add approximately 1 ml. excess. 
Set the mixture aside for about one hour and collect 
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the precipitate under suction in a sintered-glass cru- 
cible of fine porosity. Dry in a vacuum desiccator 
over phosphorus pentoxide for twenty-four hours. 

Volumetric Analysis of Tetraphenylhorates.— 
Dissolve approximately 100 mg. of the local anes- 
thetic tetraphenylborate in S ml. of acetone. Add 45 
ml. of glacial acid and one drop of crjxstal violet in- 
dicator. Titrate to a blue end point for piperocaine 
and dibucaine tetraphenylhorates and to a green end 
point for the tetraphenylhorates of procaine, nae- 
paine, and tetracaine. 

Ultraviolet Measurements.— The spectra of both 
the hydrochloride salts and the tetraphenylhorates 
were taken in anhydrous methanol. The final 
dilution was such that concentration, in all instances, 
ranged from 1 to 2 mg. in 100 ml. of solvent. No 
heat was used during the preparation of the solu- 
tions. Absorbances were determined in 1-cm. cells 
using either the Beckman DU or Cary- recording 
spectrophotometer. From the data so obtained, the 
log e values were calculated and plotted against 
wavelength. 

Preparation of Samples for Infrared Examination. 
— The infrared spectra of the local anesthetics and 
their tetraphenylhorates shown in Fig. 3 were re- 
corded on a Perkin-Elmer Double-Beam Model 21 
Spectrophotometer equipped with sodium chloride 
optics. 

The materials were finely powdered in a mechani- 
cal grinder until they would pass through a 250-mesh 
sieve (U. S. Standard Sieve Series No. 230). Ac- 
curately weighed amounts were then mixed inti- 
mately with sufficient reagent grade potassium bro- 
mide A. C. S., treated similarly and dried overnight 
at 125“ to obtain preparations of 0.5% w/w compo- 
sition. Aliquots of 200 mg. were subjected in vacuo 
to a pressure of 10,000 pounds/sq. inch for about five 
minutes and the absorbances of the clear disks thus 
produced measured over the frequency range extend- 
ing from 4,000-650 cm. A potassium bromide 
disk prepared under comparable conditions was 
placed in the path of the reference beam to compen- 
sate for absorption by the reagent. After each ex- 
periment the disks were weighed in order to deter- 
mine the amount of sample present. The weight 
variations between different disks never exceeded 
1 %. 

DISCUSSION 

The melting points of the purified local anesthetics 
and the results of the nonaqueous titrations of these 
compounds are reported in Table I. It is seen from 
this data that the compounds meet the requirements 
of purity as established by the ‘‘United States Phar- 


Table I. — Criterion of Purity of Local 
Anesthetics 



Meltinff Range, 

Purity 

by 

Non- 

aqueous 

Titration. 

Compound 

®C. 

<c 

Butethamine HCI 

193.9-194.6 

99.9 

Dibucaine HCI 

9S. 8-100.0 

100.1 

Naepainc HCI 

177-178 

99.9 

Piperocaine HCI 

175 

100.4 

Procaine HCI 

1,56.5-157.6 

99.4 

Tetracaine HCI 

147.5-149.9 

9S,0 


macopeia” (19) and the “National Formulary” (20) 
The tetraphenylhorates were prepared at pH 3, 4, 5, 
and 6, in accordance with the procedure described. 
Because of reports that increased temperatures, un- 
der certain conditions, decompose these derivatives 
(8, 21), the solutions were not heated. It was found 
that recoveries ivere essentially the same within a 
pH range of 3 to 6, provided the sodium tetraphenyl- 
boron solution was added slowly and with stirring to 
prevent co-precipitation of the citrate ions from the 
buffer. On recovery’ of the precipitates, there ap- 
peared to be little difference in their physical ap- 
pearance. In general, however, finer precipitates 
were obtained when the pH of the initial solution was 
either 5 or 6. On standing, the precipitates, pre- 
pared at pH 3 or 4, darkened slightly and developed 
phenolic-like odors. Only piperocaine tetraphenyl- 
borate appeared to be unaffected by pH throughout 
the range investigated. Percentage recoveries of the 
tetraphenylhorates, prepared at pH 6. are recorded 
in Table fl. Several commercial intravenous phar- 
maceuticals n-ere also assayed by the proposed pro- 
cedure and comparative analyses carried out using 
the official method of the “United States Pharma- 
copeia” (19). From the data reported in Table HI, 
it is noted that satisfactory agreement was obtained 
between tlie two methods. 

Using the procedures described in this paper, buta- 
caine tetraphenylborate could not be recovered 
quantitatively. E.xcessive clumping resulted in the 
formation of hard amber lumps and recoveries were 
erratic. The reaction was studied also with xylo- 
caine, cyclomethycaine, tronethanc, larocaine, hexyl- 
caine, panthesin, and diothane. Generally, re- 
coveries of the tetraphenylhorates were low, in these 
instances. No correlation between the chemical 
structure of the compounds investigated and their 
recoveries could be detected. Evidently other fac- 
tors also influence the course of the reaction. 

Crane (22) reported that the original tetraphcnyl- 
borates were quite pure and required no rccrystalUza- 
tioii. Gautier, Renault, and Pellerin (13) estab- 
lished the purity of the individual derivatives by ti- 
trating them in glacial acetic acid with acetous per- 
chloric acid. The indicator was crystal violet. 
Their technique, with slight modifications, was em- 
ployed in this laboratory to determine the purity of 
the tetraphenylborates. From the results of these 
titrations, as given in table IV, it would appear that 
the compounds are of such high purity as to obviate 
the necessity of recrystallization. 

Ultraviolet Data. — Results of the ultraviolet stud- 
ies are shown in Figs. 1 and 2 and summarized in 
Table V. It was found that, unlike the reagent, the 
local .anesthetics and their tetraphenylborates ex- 
hibit marked absorption in the ultraviolet region. It 
is concluded, therefore, that the absorption of the 
tetraphenylborate is due primarily to the contribu- 
tion afforded by the local anesthetic. Tims e 
maximum values for the hydrochlorides and their 
tetraphenylborates are in close agreement in ever}' 
instance. For dibucaine and piperocaine Jihe X 
maximum of the hydrochloride and the tetraphenvl- 
borate occur at identical wavelengtlis. However, 
for procaine, naepainc, tetracaine, and butethamine 
the X maximum of the tetraphen}-lborates arc shifted 
by about 4-5 toward shorter wavelengths. 

The f minimum values of the tetraphenylborates 
arc, in every instance, considerabl}' higher than those 
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Table II — Melting Ranges and Per cent Recoveries of Tetraphenylborates of Some Officul 

Local Anesthetics at pH 6 


f Procaine • 

a Piperocame 

Naepaine 

> Tetracaine s 

Dibucaine ^ 

Butethamine — ^ 

Melting 

Reco\ 

Melting 

Recov - 

Melting 

Reco\ - 

Melting 

Recov- 

Melting 

Recov- 

Melting 

Recov- 

Range 

er> , 

Range, 

er> , 

Range, 

ery. 

Range, 


Range, 

ery. 

Range, 

ery, 

°C 

% 

®C 

% 

®C 

% 


% 

°C 

% 

®C 

% 

141-143 

99 8 

113-116 

100 3 

no 5- 

99 5 

119-120 

99 2 

115 5- 

99 8 

91 5- 

Not 


99 9 


99 1 

112 5 

100 7 


100 4 

118 

100 6 

108 

repro- 


99 3 


99 2 


99 3 


99 6 


99 1 


ducible 



WAVELENGTH IN MILLIMICRONS 



230 270 310 230 270 310 350 


WAVELENGTH IN MILLIMICRONS 



WAVELENGTH IN MILLIMICRONS 

Fie 1 — UltxaMolct absorption spectra of some 
local anesthetics and their tetraphene Iborates 


Table III — Recovery of Procaine from Intra- 
venous Pharmaceuticals by U S. P. Method of 
Analysis and as Tetraphenylborate 


/ Recovery, % — • 


Manu- 


Tetra- 

phenyl- 


facturer 

Product 

borate 

u S P 

A 

Procaine HCl 2% 

103 0 

100 4 


102 3 

101 9 

A 

Procaine HCl 2% 

99 5 

98 3 


n ith epinephrine 

99 4 

98 6 

B 

Procaine HCl 2% 

101 7 

100 4 


101 5 

98 3 

B 

Procaine HCl 2% 

98 8 

97 6 


98 4 


C 

Procaine HCl 2% 

96 0 

95 8 


95 1 

95 2 

C 

Procaine HCl 2% 

95 4 

94 9 


94 2 

94 G 

D 

Procaine HCl 2% 

99 6 

99 3 


99 2 

99 3 



250 270 290 3/0 330 

WAVELENGTH IN MILLIMICRONS 


' Fig 2 — Ultraviolet absorption spectrum of sodium 
tetraphenylboron. 


of the corresponding hj’drochlorides. The phe- 
nomenon is due, obviously, to the effect exerted by the 
tetraphenylboron moiety m the molecule In no 
instance does the X minimum of the tetraphenylbor- 
ate coincide iMth that of the hydrochloride In 
some instances, the former occurs at a slightly higher 
wavelength and in others at a slightly Ion er one 
As one would anticipate from Uie similarity of 
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Fig. 3.— Infrared spectra of some local anesthetics and their tetraplienylborates. 


tlieir structural formulas, tlie spectra of procaine, 
naepaine, and tetracaine are remarkably alike. The 
X maximum of the first two compounds occur so 
closely together, at 299 to 300 that it is im- 
possible to dilTcrentiatc bettveen them. Tetracaine 
can, on the other hand, be distinguished by the tact 
that its maximum occurs at 314 m/t. The X miiii- 
immi of butethamine tetraphenylborate is of value in 
distinguishing it from procaine and naepaine. For 
butetitamine, it occurs at 263 rap whereas the X 
minimum of the latter two compounds is observed 
at 240 and 241 rap, respectively. With this ex- 
ception, the tetraphenylborate spectra appear to 
have no advantage over those of Uie hydrochlorides. 
It appears that none of the spectra will permit dif- 
fcrcutiation of procaine ntit! naepaine. 

Both dibucaine and piperocaine can be dif- 
ferentiated readily from each other and from the re- 
tnaindcr of the local anesthetics considered in this 


report by either their hydrochloride or tetraphenyl- 
borate spectra. This is to be e.\pected however, 
when one considers the differences in their chemical 
structure. Dibucaine contains a quinoline group 
and piperocaine the piperidine moiety. 

Infrared Data. — The infrared spectra of the com- 
pounds are shown in Fig. 3. The spectrum of 
sodium tetraphenylborate (Fig. 4) displays tu-o in- 
tense bands in the 700-750 cm."' region (out-of 
plane C-H bending vibrations of the phenyl groups) 
and in the C = C stretching region two marked ab- 
sorptions are observed in the 1,500 and 1,600 cm."’ 
wavelength range, respectively (C = C skeletal in- 
plane vibrations). Characteristic = C-H stretching 
vibrations occur in the form of a doublet throughout 
the StOOO-cm."* region. 

Comparison of the spectra of the local anesthetics 
with those of the tetraphenylborates shows that the 
reaction proceeds in accordance with the equati"" • 
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Fig 3 — Infrared spectra of some local anesthetics and their tctraphcnylborates 


IRN H1-^[CIJ- + [Kal+KCeHsh BJ- — 

[RN H]+[(C6H5)4 BI" 4- NaCI 

The mineral acid salts of the organic bases gen 
eralh displaj absorptions near 2,500 cm (N H 
stretching Mbrations observed in amine hvdrochio 
rides) (23) Their derivativ es, on the other hand, e\ 
hibit no structure in this region which observation is 
in accord with the reaction mechanism illustrated in 
the equation shown The phenomenon is most pro 
nounced in the spectra of tetracaine and procaine 
hvdrochlondeand their denvatives and least notice 
able in the spectrum of butethamme hvdrochloride 
and Its tetraphenv Iborate 

Further support for the process of salt formation is 
afforded bv comparison of the spectra of piperocaine 
hvdrochlonde and its derivative The local anes 
thetic shows no structure in the 3,5^)(>-I,GW cm 
region, whereas a characteristic doublet in this wave 


length range is observed in the spectrum of the tetra 
phenj Iborate The absorption is to be ascribed to 
oscillations of the tjpe of N H bond formed as a rc 
suit of the reaction v\hich establishes, generallj, in 
electrostatic field of attraction between the organic 
bases and the tctraphen> Iboron moiet> as shown ni 
the structural formulas Infrared evidence thus il 
lustrates how the vibration characteristics of tlie 
X H linkage present in the reactant are modified be 
cause of environmental effects in the derivative 
The phenomenon is not clcarlj recognizable in the 
spectra of the remaining tetraphenj Iborates m 
eluded in this studv because of the presence of botli 
\ \ 

X HCI and X H groupings in the loc il ancs 

thctics prior to reaction It should be noted in this 
connection that the absence of normal N II stretch 
mg bands in the chloroform spectra of piperidine and 
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FREOUENCT CM'' 

Fig. 3 . — Infrared spectra of some local anesthetics and their tetraphenylboratcs. 


some natural products containing this ring system 
was observed previously by Marion, Ramsay, and 
Jones (24). The phenomenon evidently also applies 
to the sjiithctie local anesthetic pipcrocainc (benzoic 
ester of ■)-(2-mcthyl pipcridino) -propanol) but is ab- 
sent in the tclrapbenylboron derivative. 

The local anesthetics studied display several com- 
mon characteristic structural features and, since 
these features are retained in the reaction product, 
the two scries of spectra exhibit a number of com- 
mon bands. 

Characteristic X-H and C-H stretching absorp- 
tions are observed in the 3,500 and 3,000 cm. re- 
gion, respectively. Strong bands also occur in the 
1,~00 cui.~' region because of the presence of a car- 
bonyl group in these molecules. The absorption is 
both modified and displaced as a result of dcrivatiza- 
tiou. In dibucaine hydrochloride it appciirs at 
1.G54 cm.~‘. which position is normal for secondary 


amines examined in the solid state. In the tetra- 
phenylborate it is observed at 1,635 cm.-‘. In the 
spectrum of butethamine hydrochloride it appears as 
an intense, sharp band at 1,715 cm.”*, whereas in the 
tetraphenylborate compound it is broadened and dis- 
placed toward lower frequency at 1,690 cm.”*. In 
both procaine and piperocaine hydrochloride the 
band is intense, occurring at 1,700 and 1,718 cm.”*, 
respectively. Their tetraphenylboratcs also displaj’’ 
the absorption as a sharp peak but at shorter wave- 
lengths (I,rl8 and 1,731 era.”', respectively). In 
the spectra of tetracaine and naepaine tetraphenyl- 
boratc the band is split into a doublet. Since iden- 
tical concentrations were used for the measurements 
the absorption is invariably more intense in the spec- 
tra of the local anesthetics than in the corresponding 
derivatives. 

Intense absorption as either a single band or a 
doublet is observed in the 1,600 cm.”* region. It 
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Fig 4 — Infrared spectrum of sodium tetraphenylboron. 


Table IV — Titration of Tetraphenylborates 
WITH Perchloric Acid 


Telra- 


phenjl- 

Equi\ a- 

Taken, 

Reco\ ered. 

Purity, 

borate 

lent 

mg 

rag 

% 

Xaepaine 

M/2 

101 6 

100 1 

98 5 



102 9 

102 0 

99 1 

Dibucainc 

M/2 

102 2 

101 2 

99 0 



110 0 

109 7 

99 7 

Piperocaine 

M 

130 9 

131 1 

100 2 



116 2 

116 0 

99 8 

Procaine 

M/2 

101 0 

100 0 

99 0 



105 0 

104 5 

99 5 

Tetracaine 

M/2 

101 3 

100 9 

99 6 



102 2 

101 7 

99 5 


Table V — Ultraviolet Characteristics of 
Some Local Anesthetics and Their 
Tetraphenylborates 


Compound 

X 

Maxt 

mum, 

ra;i 

< 

Max 

X 

Mini- 

mum, 

ra^ 

€ 

Mm 

Procaine HCl 

300 

21680 

245 

885 

Procaine T P B 

295 

22315 

240 

4841 

Piperocaine HCl 

274 

3300 

259 

2365 

Piperocaine T P B 

274 

5261 

256 5 

4485 

Xaepaine HCl 

299 

20930 

244 

794 

Xaepaine T P B 

295 

22178 

241 

5576 

Tetracaine HCl 

314 


252 

482 

Tetracaine T P B 

309 

26244 

246 5 

4742 

Dibucainc HCl 

328 

3760 

297 

1960 

Dibucaine T P B 

328 

4527 

300 

3160 

Butetharaine HCl 

299 

21271 

245 

779 

Butethamine 

T P B 

295 

22520 

253 

6672 

Sodium T P B 

266 

3002 

264 

2853 


274 

2271 

272 

2122 


mav be considered indicative of the deformation fre- 

/ 

quencies of the CcHs-X bonds occurring in these 

\ 

molecules although its exact interpretation is com- 
plicated by the fact that aromatic ring vibrations 
also occur in this wavelength range Piperocaine 
hydrochloride and its derivative, w hich compounds 
lack the anilino structure, do not show this absorp- 
tion. 

Further intense bands arc observed in the 1,275-, 
1,175-, and 1,125-cm “■ regions (C-X stretching vi- 
brations of aromatic amines and C-O stretching xi- 
bration of aromatic esters). Only dibucainc hydro- 
chloride, which is not an ester but an amide contain- 


Table VI — Position of Key Bands in Infrared 
Spectra of Local Anesthetics and Their 
Tetraphenylborates in the 850-650 cm 
Region 



Characteristic 



Vibration 

Frequency, 

Intensity of 

Compound 

cm 

Absorption 

Tetracaine hydro- 

834 

S 

chloride 

810 

i 


765 

VS 


740 

m 


698 

s 


648 

m 

Tetracaine tetra- 

831 

m 

phenylborate 

810\ 

803/ 

Doublet 


770 

s 


745 

sll 


736 

s 


708 

s 


650 

^v 

Procaine hj’dro- 

848 

vs 

chloride 

835- 

815 

Triplet 


795 

w 


770 

vs 


736 

w 


695 

w 

Procaine tetra- 

840 

s 

phenylborate 

806 

w 


784 

v\v 


773 

w 


769 

s 


7451 

738/ 

Doublet 


733 

w 


705 

vs 

Naepaine liydro- 

845 

s 

chloride 

837 

vw 


792 

s 


768 

vs 


732 

w 


695 

vs 

Kaepainc tetra- 

847 

m 

phenylborate 

707 

s 


740 

s 


712\ 

700/ 

Doublet 

Butethamine hydro- 

850 

s 

chloride 

825 

tv 


800 

i 


703 

vs 


097 

vs 

Butethamine tetra- 

845 

in 

phenylborate 

787 

i 


770 

m 
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Table VI (emit.) 



Characteristic 

Vibration 

Frequency, 

Intensity of 

Compound 

cm 

Absorption 

Butethamine tetra- 

743 

i 

phenylborate (cont ) 

737 

s 


70S 

vs 


635 

vw 

Piperocame hj'dro- 

850 

w 

chloride 

823 

vw 


SIO 

vw 


805 

vw 


745 

vw 


715 

vs 


688 

vw 


675 

Vtt' 

Piperocaine tetra- 

847 

w 

phenylborate 

805 

vw 


743\ 

735j 

Doublet 


707 

vs 


685 

vw 


675 

vw 

Dibucaine hydro- 

833 

tr 

chloride 

792 

w 


763 

vw 


753 

s 


700 

w 

Dibucaine tetra- 

840 

m 

phenylborate 

790 

s 


762 

w 


745 

i 


732 

vs 


703 

vs 


mg- a quinoline structure, displays a different ab- 
sorption pattern. The presence of tlie heterocyclic 
ring system is recognized by the four bands (t«o 
strong and two\\eak) observed in the 1,600-1,500- 
cm region (C = C and C = N strctcliing vibra- 
tions) and by the absorptions occurring at 805 and 
73d cm (C — H deformation vibrations) In the 
fetraphenylborate derivative the I,000-l,500-cm."‘ 
profile remains unaltered but in the fingerprint re- 
gion, which is more sensitive to total molecular struc- 
ture, the absorptions arc modified 


In addition to the spectral features which reflect 
the presence of snecific functional groups in both the 
parent compounds and their derivatives there are 
also found a number of characteristic bands which 
may be used to differentiate the various molecules 
from one another. Thus the reaction is of value to 
the forensic chemist and toxicologist In general, 
the spectra of the tetraphen 5 'lborates are richer in 
structure than those of the local anesthetics, par- 
ticularly throughout the 850-650 cm region n here 
spectral contributions of the reagent are found to be 
maximal This wavelength range is therefore most 
useful for identification purposes, as shown in Table 
IT which lists the characteristic absorptions occur- 
ingin this region 
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In Vitro Test for Antiarrhythmic Agents* 

By CHESTER W. DURACHTAf, and HUGH C. FERGUSONj 


A xalid method for screening antiarrhythmic 
agents is described. Methods of producing 
and recording xarious types of arrhythmias 
are outlined, and response to standard drugs 
discussed. 


'T^he mass screening of potentially useful ine- 
dicinal agents should be rapid, reliable, and in- 
expensive Preliminary evaluation of a new sub- 
stance should indicate whether additional e.xperi- 
inents might be required or that further studies 


• Ucccueil October l.t IS-.S from the Du i.ion of Bioloc 
‘teiemch G D Sc trie nml Co , ChicaRo, 111 

A^I^Ire^s Smitli KJmc ami French Laboralorre 
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would be fruitless. The initial assay should be 
simple, calculations and technical manipulations 
kept at a minimum, and the results clearly de- 
fined and unequivocal If these conditions are 
satisfied the time saved could be used for addi- 
tional screening, or active compounds could be 
subjected to more critical e.xamination with the 
ultimate objective of clinical utility. 

Methods for the production of auricular ar- 
rlij-thmias and ventricular fibrillation in the iso- 
lated rabbit heart have been described by Fergu- 
son and Duraebta (1). It w-as thought that this 
preparation might be used as a rapid screening 
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method if the e\penmentally induced arrhvth 
mias Mould respond favorablv to clinically effica- 
cious compounds such as quimdme sulfate, pro- 
cainamide, and methacholine chloride There- 
fore, studies ivere undertaken m order to deter- 
mine the effects of these agents on the arrhyth- 
mias so produced 

EXPERIMENTAL 

Methods. — Rabbits ueighing 2 5-3 0 Kg Mere 
saerificed bi a sharp bloM on the head The hearts 
Mere rapidlj extirpated and set up as onginally de- 
scnbed bx Laiigendorff (2) and modified bx Locke 
and Rosenheim (3) Auncular flutters or paroxjs 
mal tachjcardias Mere induced elcctncallx b\ stimu- 
lating the nght auricle m itli 5-10 x’olts, square nax’es, 
at a pulse duration of 5-10 milliseconds, Mith a pulse 
delax of 5-10 milliseconds and a frequencj of 50-150 
cycles/second If persistent auricular irregularities 
could not be instituted after ten to fifteen minutes, 
x’entricular fibnllation Mas initiated bj applying 
shocks of 100-140 x’olts, xxith no pulse delay, alter- 
natelx and rapidlx’ to both atria Mitli a Grass stimu- 
lator The latter technique M’as always immedi- 
ately successful and spontaneous reversions of fi 
bnllation m ere nex’er observed Auricular arrhyth- 
mias could also be produced by the topical applica- 
tion of 0 05% solution of aconitine nitrate All 
compounds to be tested Mere prepared in Locke- 
Ringer’s solution at a concentration of 200 /ig /O 1 
cc Compounds Mere administered into the perfus- 
ate xia a side arm cannula at geometrically progres- 
sive doses starting at 200 tig Electrical potentials 
Mere recorded from lead II (nght auncle-left ventri- 
cle) bj means of a Twin Tiso Sanborn Electrocardio 
graph (calibration 1 millivolt = 5 or 10 mm , paper 
speed = 25 mm /sec ) at one, three, and five minutes 
after administering the compound to be tested, and 
if the arrhj thmia persisted, the next higher dose Mas 
administered This dosage schedule nas continued 
until reversion to a normal sinus rhj thm occurred 
or until a definite effect Mas produced 

RESULTS 

In 49 experiments, persistent auricular flutters 
Mere initiated 22 5% of the time, paroxjsmal tachj- 
cardias Mere obtained m 53 1% of the expenments, 
and xentncular fibrillations could ahxajs be pro 
duced The results are summarized m Table I 
W hen auncular arrlix tlimias could not be instituted 
compounds Merc screened for their effect against 
X entncular fibnllation 


T \BLE I — Results of Efforts to Produce 
Persisten-t Arrhxthxiias in the Isolated Rabdit 
Heart 


^rrh> Ihraia 

Xumber 

of 

% umber 

Successful 

Produced 

Tnals 

Succe<;sful 

r* 

c 

Atnal flutter 

49 

11 

22 5 

Auncular parows 

mal taclucardia 

49 

20 

53 1 

\ entncul ir fibnlh- 

non 

21 

21 

100 0 


Quinidine Sulfate. — ^This compound Mas tned 
against auricular paroxysmal tachjxardia, aimciihr 
flutter, and xxntncular fibnllation and Mas actne 
at an average dose of 0 431 ± 0 038 mg (Table II) 
Figure 1 shoMs typical electrocardiographic poten- 
tials obtained before and during fibnllation and three 
minutes after the administration of 0 500 mg of 
quimdme sulfate, at mIiicIi time rexersion to a nor- 
mal sinus rlix thm occurred In all experiments, 
reversions to normal sinus rhj thm were seen one to 
five minutes after administration of this agent 

Procainamide (Pronestyl). — This substance Mas 
tried on expenmentallx' induced xxntricular fibrilla- 
tion and Mas actixx at an average dose of 1 58 ± 

0 135 mg (Table II) In all experiments rex’ersions 
to normal sinus rhj'thin occurred one to fix e minutes 
after compound administration Tj’pical potentials 
seen during ventricular fibnllation are demonstrated 
bj the electrograms m Fig 2 In this expenment 
reversions to a normal sinus rhj thm occurred ap 
proximatelj three minutes after administration cf 

1 6 mg of procainamide 

Methacholine Chloride. — Meclioljd xxas actixe 
against auncular paroxjsmal tachjcardia at an 
average dose of 0 0043 mg ± 0 0003 mg (Table II), 
but Mas ineffectixx against atrial flutter and ventric- 
ular fibrillation Auricular paroxjsmal tachj- 
cardia IS demonstrated by electrocardiographic po- 
tentials shoxxn in Fig 3 This irregularity Mas re- 
verted to normal sinus rhj thm one to tno minutes 



a 







Fig 1 — Electrocardiographic potentials obtain^I 
from the isolated rabbit heart Calibration 1 inv - 
10 mm , paper speed = 25 mm /sec , lead II 
right auriclc-Ieft \cntriclc) (a) Prctrc.it record 
Heart rate = 225 beats/mmute (b) Flcctricall) 
induced fibrillation (c) Record tlirce niniutes 
after administration of 0 500 mg quinidine sulfate 
Heart rate = 225 l>cats/minute 
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Table II. — Effect of Various Antiarrhythmic Agents on Arrhythmias in the Isolated Rabbit 

Heart 


Type(s) of irregularity induced 


Number of trials 
Successful reversions 
Active dose (mg.) 


Quinidine Sulfate 

Procainamide 

Methacholinc 

Chioride 

Auricular flutter 

Fibrillation 

Paroxysmal tachycardia 

Ventricular fibrillation 
Paroxysmal tachycardia 
19 

16 

11 

19 

16 

11 

I' = 0 431 

X = 1 580 

X = 0 0043 

±0 038 

±0 135 

±0 0003 
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Fig. 2. — Electrocardiographic potentials obtained 
from the isolated rabbit heart. Calibration 1 mv. = 
10 mm., paper speed = 25 mm. /sec., lead II ( = 
right auricle-left vetitricle). (a) Pretreat, record. 
Heart rate = 90 bcats/minute. (b) Electrically 
induced fibrillation, (c) Record three minutes 
after administration of 1.6 nig. procainamide. 
Heart rate = 120 bcats/minute. 

after the administration of 0.001 mg. of mcthacho- 
line chloride. 

In conditions other than auricular paroxysmal 
tachycardia, bradycardia or complete arrest occurred 
folloiving larger doses of methachcline chloride: 
upon resumption of cardiac activity no remission of 
auricular flutter or ventricular fibrillation was seen. 

DISCUSSION 

Our results demonstrate that the Langendorff 
heart can be easily modified for use as a screening tool 
for antiarrhythmic agents Clinically cflicacious 
compounds such as quinidine sulfate, procainamide 
(Proncstyl), and methacholinc chloride have pro- 
duced remissions of cardiac irregularities in the iso- 
lated rabbit heart which are similar to those found 
in human cardiac patients The quantity of ma- 
terial needed is very small and this lends itself well 
to screening programs where newly synthesized com- 
pounds are not generally in great supply Unfor- 
tunately, water insoluble compounds cannot reliably 
be Icstctl by this method and must be tried on intact 
preiiarations as those employed bv Rosenblcnth and 
Garcia Ramos (I, 5), Scherf (C), .and Harris (7) It 
has been shown that, while auricular flutter and 
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Fig. ,3.— -Electrocardiographic potentials obtained 
from the isolated rabbit heart. Calibration 1 mv. = 
10 mm., paper speed = 25 mm. /sec., lead II ( = 
right auricle-left ventricle), (a) Pretreat, record. 
Heart rate - 142 beats/minute, (b) Electrically 
induced paroxysmal tachycardia, (c) Record two 
minutes after administration of 0.1 ml. of 1: 100,000 
methacholinc chloride (0.001 mg.). Heart rate = 
48 bcats/minute. 


paroxysmal tachycardia cannot always be instituted* 
tlie preparation need not be discarded since ven- 
tricular fibrillation can always be initiated by appro- 
priate electrical stimulation Determination of the 
average active dose of standard compounds such as 
quinidine sulfate, procainamide, or methacholinc 
chloride reveals the relative potency of unknown 
substances, and determination of the LDa, permits 
an estimate of a compound's margin of safety. Ulti- 
mately, knowledge of these factors assists in choos- 
ing the safest and most active agents. 




286 


Journal of the American Pharmaceutical Association Vol XLVIII, No 5 


SUMMARY 

jMetliods for producing various types of ar- 
rh) thmia in the isolated rabbit heart have pre 
viously been presented These methods were 
thought to be potentially useful m screening for 
antiarrhvthmic agents if the irregularities would 
respond favorably to clinicallj efficacious agents 
Quinidine sulfate, procainamide, and methacho 
line chlonde were tned and found to be con 
sistentlj active at low doses It has been our ex- 


penence that this is a rapid, reliable, and inexpen 
sive method for screening antiarrhythmic agents 
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Micro estimation of Opium Alkaloids in 
Pharmaceuticals by Paper Chromatography^ 

By KLAUS GENEST and CHARLES G. FARMILO 


A method of analysis for morphine, codeine, 
thebaine, and papaverine in mixtures employ- 
ing paper chromatographic separation fol- 
lowed by densitometric evaluation with a 
self-integrating densitometer has been de- 
veloped. The method has been applied to a 
number of pharmaceuticals and the results 
compared with those of other methods. 

' I ^HE NEED for improvement of existing methods 
for identification and quantation of opium al 
kaloids was pointed out in a recent United Na- 
tions report (la) Genest and Farmilo (lb) re- 
cently reviewed paper chromatographic analysis 
of narcotics and found only a few' publications 
which deal with quantitative analysis of opiates 
Siendsen (2) estimated morphine in opium by 
means of a colorimetric method after elution from 
the chromatogram Svendsen, Aames, and Paul 
sen (3) compared this method with a densitomet- 
ric method in which the density of the morphine 
spot (Folm-Ciocalteu reagent) is measured di- 
recth on the paper Asahina and Ono (4-7) esti- 
mated five pnnapal opium alkaloids directly on 
the paper chromatogram bv measunng the maxi- 
mum absorbance in the U region Schultz and 
Strauss (S) applied manual planimetrv of chro- 
matograms stained with a ferrichlonde ferri- 
c\ anide reagent for the estimation of morphine m 
opium tablets Paerregaard (1) determined mor 
phine in unne b\ polarographi of the morphine 
eluted from the chromatogram Jliram and 
Pfeifer (10) reported a chromatographic method 
for the anah sis of pure solutions of codeine and 
papal cnne requinng the production of a contact 
ncgatne copi of the chromatogram which was 
sub-iequentli scanned w ith the photometer This 
step was followed bi planimetry of the dcnsito- 

• Received '^ptembcr 5 10‘>S from The Food and Druj, 
Directomte Department of National Health and U elfare 
0*lawa Ontario Canada 


metnc trace of the copy' to obtain standard area 
vs concentration graphs Holubek, Kudrnilc, 
and Novdk (11) estimated codeine and narcotine 
m poppy capsules after paper chromatographic 
separation by colorimetry' and polarography, rc 
spectively' 

It IS the object of this publication to describe a 
quantitative paper chromatographic method for 
opiate analy'sis wjiich avoids elution, photo 
graphic reproduction, or manual planimetry by 
use of a self integrating densitometer 

EXPERIMENTAL 

Apparatus and Materials — The cliromntograplij 
was conducted by a descending teciinique on Wlnt 
man No 1 paper strips, one inch wide, using C 3 hn 
drical glass tanks (12 in x 24 in ) Ten strips 
were run in each tank at one time Details on the 
salting of the paper with (NHjJ-SOi (2%), the prep 
aration of the solvent (iso BuOH AcOH H"0 
10 1 2 4) and the sprav reagent (potassium locin 
platinate) and other chromatographic conditions 
are the same as those that have been described pre 
Moush (12, 13), for an ascending technique 

The alkaloid solutions to be estimated were 
spottea bj means of an " Vgla”-micrometer sjriiigt 
Fi\ e X of a test solution w ere applied per strip > leltl 
mg a spot not larger than 5 mm indnmitcr The 
distance from the solvent to the origin of the chro 
matogram w as S cm 

The Spinco “ \nalv trol" Model R V* with focused 
tungsten lamp, 1*/ mm aperture and B 2 cam 
(absorbance) was used No filter was einplovcd m 
the final procedure The time for scanning of a 
chromatogram of 40 cm length containing four 
spots was approximately three minutes 

PROCEDURE 

Preparation of Standard Curve — Stand ird sola 
tions of each of the four alkaloids, inorphine, co 

1 See HecLnian/Spinco Ilullelin RIVI , for (levcriiitton 
and operation of Analjtrrl 
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deine, thebaine, and papaverine, containing from 1 
to lOy/X in metlianol, were prepared. After spotting 
5X of tins solution on the strips they were equili- 
brated with the aqueous phase of the solvent for six 
hours, after which time the mobile phase was poured 
into the jar through a separator}' funnel. Develop- 
ment required sixteen hours (overnight), in which 
time the solvent front traveled about 38 cm. After 
drydng, tlie chromatograms were tlioroughly spra 5 'ed 
on both sides with the potassium iodoplatinate rea- 
gent and dried again for fifteen minutes in a current 
of air prior to scanning in the densitometer. The 
densitometer was calibrated each time another spot 
was measured. This was done by means of a neutral 
density filter using the area of the strip containing 
only chromogenic agent immediately in front of each 
stained spot. Twenty to thirty strips (in batches 
of five each) were chromatographed for each concen- 
tration of each alkaloid. Standard curves prepared 
from tliese data can be seen in Fig. 1. 

Application to Pharmaceuticals.— One practical 
application of the method is demonstrated by using 
nine pharmaceuticals containing one or more opium 
alkaloids. The extraction of tablets was made by 
shaking the powdered material mechanically for 
half an hour with water. In case of free bases, or 
slightly soluble alkaloidal salts the extraction was 
made with glacial acetic acid and diluted with 
water to a final concentration of 50% acetic acid. 
The extract was centrifuged and an aliquot of 
liquid containing between 10 and 30r of the alkaloid 
was spotted. 
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Fig. 1. — Standard curves of four opium alkaloids. 
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RESULTS AND DISCUSSIONS 

Background Color. — The background color of the 
chromatograms presents a critical problem influ- 
encing the simplicity and reproducibility of this 
method. Considerable investigation of the details 
of the effect of the variables controlling tliis color 
was made. Salting of the papers with phosphates, 
citrates, or acetates gave brown to pink background 
colors after spraying. These colors gradually fade 
to a yellowish shade The light beam of the densi- 
tometer could not penetrate these chromatograms 
without the use of agents which improve transpar- 
ency (glycerol, bromo-naphthalene in paraffin oil, 
varnish, etc.). Salting of the paper with (NHDiSOi 
proved to be preferable since it fulfills a dual purpose: 
round spots without trailing and good separations 
arc obtained, and a background of slightly gray to 
pinkish color is produced which is easily pcnetratable 
by the light ray. .Xlthough this combination of 
salting and chromogenic agent is the choice condi- 
tion for quantation there are small differences in 
absolute background density of difl'erent chroma- 
tograms. To examine the influence of these changes 
of the absolute density of tlie background on the 
reproducibility of the results, artificial backgrounds 
were created in the following way : .’V spot of methyl 
violet on a Whatman Xo. 1 strip was scanned both 
with and without sheets of transparent paper be- 
tween the background of the strip and the scanning 
photocell. The absorbance (expressed in mm.) of 
the combined chroinatognun plus transparent paper 
was then recorded. The densitometer chart reeord- 
ing pen was then reset to the zero line, Ihcrcbvsup- 
iwessing the enhanced b.ickground and the spot was 


scanned again. The results shown in Table I indi- 
cate tliat suppression of the background up to 19 
mm. has little influence on the total absorbance 
of the methyl violet spot. In replicate chromato- 
grams, the difference in background readings was 
within ±5 mm. 

Cams and Filters. — Experiments to demonstrate 
tlie effect of scanning the same chromatograms with 
different cams and filters were carried out. The 
results can be seen in Table II. The difference in 
shade of the spots of the four alkaloids becomes evi- 
dent by tlie dissimilar relative response when 
scanned with and without tlie filter. Scanning witli 
a blue filter gives a higher total absorbance than is 
obtained without the filter. However, the irregu- 
larities of the background color combined with the 
texture of the paper were too marked to allow a 
proper baseline adjustment close to tlie zero line 
whioh militated against its use. Irregularities of 
background were still more evident when using the 
densitometer B-1 cam along with otlier filters. The 
absorbances were mostly out of range of tlie instru- 
ment for the 35y level and were not reproducible. 
Densitometer cam B-2 without a filter was therefore 
chosen as the equipment for the quantation of opiate 
chromatograms. 

^Machine Error.— A spot of red ink on a Whatman 
No. I strip and a morphine spot on a chromato- 
gram were scanned ten times cacli to estimate the 
error of replicate scanning. The standard devi- 
ations were found to be ±1.45% and ±0.76%, 
respectively. 

Stabilit)’ of Color. — The alkaloid iodoplatinate 
stained spots of tlie four opiates were quite stable 
after spraying for periods from fifteen minutes to six 
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Table I — Measurement of Changes in Back- 
ground Density by Anaiytrol 


Background 

Total Color Densitj 

A\ er- 

Adjustment 

(Area 

Under Curve rn 0 1 cm -) 

age 

Normal 

135 

137 136 

136 0 

Suppression, 

6 5 mm 

138 

135 136 

136 4 

Suppression, 

19 0 mm. 

138 

137 138 

137 7 


Table II. — Scanning of a Paper Chromatogram 
With Different Cams and With and W'ithout 
Blue Filter" 


Cam No 


Bj. Bs. 

no Bj, no Bj 


Atkaloidii 

filter 

filter 

filter 

filter 

Papaverine 

64 

100 

29 

51 

Thebaine 

97 

128 

50 

74 

Codeine 

108 

122 

66 

82 

Morphine 

S3 

S3 

50 

48 


“ Corning 5031 
3 O 7 of each alkaloid 


hours Results of the color stabihtj' study are 
given in Table III If chromatograms cannot be 
scanned immediately after drying (15 min ) care 
should be taken to protect them from daylight 
Three strips stored in the dark were rescanned after 
three months and showed an average decrease in 
absorbance for papaverine, thebaine, codeine, and 
morphine of 9, 7, 3, and 2%, respectively 
Standard Curves. — Figure 1 shows the standard 
curves of four opiates Tlie plotted points repre- 
sent the average of 20 estimations for each concen- 
tration of alkaloid. The e.\periments to obtain 
these results were made on consecutive days at room 
temperature (26° ± 1°), in one chromatographic 
tank using the same lot of salted paper for each 
e.\periment The average of the standard devi- 
ations of 640 experiments was ±3 94% The 
standard curves show a linear concentration w 
total density relationship from o-y to approximately 
30— 10->, The best reproducibility was found be- 
tween 10 and 30", Figure 2 shows a reproduction 
of an original chromatogram including the densi- 
tometer trace The jagged lines between the spots 
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58 76 6 5 61 


Fig 2 — Chromatogram of four opium alkaloids and 
evaluation by "Anaiytrol." 


Table III. — Stability of Color 


Total Color Density 
. (Aiea Under Cur\e in 0 I cm ') 


Time, min 

Papav 

enne" 

The- 

baine^ 

Co 

detne" 

Mor 

phine* 

15 

71 

92 

110 

GO 

30 

71 

91 

104 

60 

40 

66 

87 

102 

59 

55 

66 

88 

101 

61 

65 

67 

88 

102 

58 

120 

68 

92 

104 

59 

240 

66 

87 

100 

GO 

360 

63 

87 

103 

60 

Next morning 
(22 hr ) 

64 

84 

101 

62 


“ 20r I 2oy 


in Fig 2 indicate where the original chromatogram 
was cut for mounting above the maximum of the 
densitometer trace. (7?/ values for morphine, co- 
deine, thebaine, and papaverine on this chromato- 
gram were found to be 0 09, 0 18, 0.56, and 0 72, 
respectively.) Mounted below the spots in Fig. 2 
are the bell-shaped tracings of absorbance of the 
alkaloidal spots The serrated line, at the bottom 
of Fig 2 represents the tracing of the densitometer 
integrating pen. The area under the curve corre- 
sponds to the total color density since the B-2 
cam is calibrated in terms of absorbance One 
tooth of the serrated trace corresponds to 0 1 cm.®. 

Application to Pharmaceuticals. — The paper chro- 
matographic method was applied to a variety of 
pharmaceuticals which contained, in addition to 
opium alkaloids, a number of other active ingredi- 
ents as shown in Table II'’. All analytical values 
are averages of duplicates. The results in Table 
IV indicate agreement between the values obtained 
by the chromatographic method and the methods 
of comparative assay 

The sets of experiments to reproduce the standard 
curves were repeated at intervals If was found 
that the calibration graphs were sometimes not 
reproducible within the standard deviation 
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Fig .3 — Replicate analysis of .\PC and C tablets 



Table I\’ —Paper Chromatographic and Comparative Analysis of Pharmaceuticals 
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(±3.94%) when the conditions of chromatography 
were altered, e. g., different jars, lots of salted papers, 
humiditj', and temperature. Therefore, it is recom- 
mended that a standard concentration of the known 
alkaloids be included within each experiment. 

One advantage of this chromatographic method is 
that in the preparation of the samples, no elaborate 
extraction procedure with organic solvents is re- 
quired. Tine, chloroformis et morphinae co. prep- 
aration could be used directly. Other water ex- 
tractable ingredients in these preparations did not 
interfere with the procedure. An example of a repli- 
cate analysis of an assay of an aspirin, phenacetin, 
caffeine, and codeine tablet (one-half grain of codeine 
phosphate per tablet) is given in Fig. 3. One ex- 
cipient, a yellow dye, was found close to the point 
of origin of the chromatogram which is not visible 
in the photographic reproduction of Fig. 3. 


SUMMARY AND CONCLUSIONS 


The densitometric paper chromatographic pro- 
cedure was applied to pharmaceutical prepara- 
tions containing micro quantities (5-50 y) of al- 
kaloids with an average standard deviation of 
±3.94 per cent. A simple preliminary sample 
preparation step is required. The use of a self- 
integrating densitometer enables the quantation 
to be achieved more rapidly than by usual pro- 
cedures involving elution, etc. The procedure is 
applicable to a wide range of alkaloids and syn- 
thetic basic compounds. The type of compound 
affects the slope of the calibration curx'e. Appli- 
cation of the quantitative paper chromatographic 
method to the assay of small samples of narcotics 
received in legal cases and to the analysis of opium 
for purposes of determination of countrj'- of origin 
gave satisfactorj' results with the expenditure of a 
minimum of labor, time, and material. 
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The Biological Action of Cellular Depressants 
and Stimulants I* 

The Action of Ethyl Carbamate (Urethane) on the Endogenous 
Respiration and the Rate of Cell Division in Tetrahymeua pyriformh 

By JOHN J. EILER, JOSEPH Z. KREZANOSKIf, and KWAN-HUA LEE 


The effect of urethane on the endogenous 
respiration and on the rate of cell multiplica- 
tion has been studied in normal and in trained 
cells of Tetrahymena pyrijormis with the view 
of obtaining information regarding the mode 
of action of narcotics. 

* I 'he classical view (1) that narcotics ex&rt 
their characteristic biological effect through 
inhibition of cellular respiration persists at this 
time as one of several working hypotheses (2, 3). 
Despite the excellent studies by Quastel (4) and 
his associates, it has not been established that a 
depression of the respiratory activity in an o.xy- 
gen-consuming cell is a primary, or even a neces- 
sary, event in the biological action of the narcotic 
or depressant drugs. 

In studies on several classes of unicellular 
organisms, Fisher and co-workers (5-8) have 
shown that narcotics cause almost complete 
cessation of cell division at concentrations which 
depress cellular respiration only moderately. In 
studies on Tetrahymena, Ormsbee and Fisher (6) 
showed that urethane caused almost complete 
inhibition of cell multiplication at a concentra- 
tion (0.1 M) which inhibited the endogenous 
respiration only about 25 per cent. Further, the 
regression line relating the rate of the endogenous 
respiration to an extended range of drug concen- 
trations was such as to suggest the existence of 
two parallel resiratorj' systems with the more 
drug-sensitive system being geared to the ender- 
gonic processes of cell multiplication. Numerous 
studies (9-11) on a varietj' of biological forms are 
compatible with the view that growth and other 
energy-requiring processes maj- be geared to a 
specific fraction of the total respiration. In- 
deed, recent studies (12) on rat liver mitochon- 
dria suggest alternate pathways of electron trans- 
port, only one of which is phosphorylativc and 
work promoting. 

The successes which have been achieved (13, 
14) in training organisms to grow in the presence 

* Recei\«I N'o\cmbcr 2®?, lO^S, from the Scho<jI of Phar- 
maej*. Lrni\cr5ity of California. San Tranciscn 22 

A prehmman. report of these results tvas firescnted in 
Feicrcif>n Pro< , 15, So 1. March. 1*^50 

t TeMow of the American Foundation for Pharmaceutical 
rducation Present address ^fedlcaI College of Virginia, 
Richmond. 


of otherwise inhibitory concentrations of a drag 
suggested to us a possible means of putting to test 
the relationship suggested by Ormsbee and 
Fisher (6). Considerable support would be 
gained for the proposed gearing if, for example, 
organisms trained to grow in otherwise inhibitory 
concentrations of drug showed a concomitant 
decrease in sensitivity of a specific fraction of the 
respiration toward the depressing effects of the 
drug. Related to the question of the gearing 
between respiration and an endergonic process is 
the problem of whether the primary site of 
action of the drug is on respiration or on the 
endergonic process (3). A given set of results 
obtained in a training experiment, as just cited, 
could shed light on this vexing problem as well. 

In the experiments reported here, wo have 
studied the effects of urethane (ethyl carbamate) 
on the rate of cell multiplication and on the endog- 
enous respiration in trained and untrained cul- 
tures of Tetrahymena pyriformis. 

EXPERIMENTAL AND RESULTS 

Materials and Methods. — The W strain of Tetra- 
hymena pyriformis used in this study was graciously 
supplied by Prof. Daniel Mazia. Stock cultures 
were maintained in 300-ml. Erlenmeycr flasks con- 
taining 40 ml. of a medium consisting of 1.8 /o 
proteose-peptone (Difeo) and 0.2% yeast extract 
(Difeo). The cultures were maintained at 27 m 
the dark with weekly transfers. The sterility of 
both the stock and the experimental cultures was 
checked b}' microscopic observation and by plating 
on agar. Urethane was added to the medium as a 
sterile solution prior to inoculation. The appro- 
priate concentration was sterilized by passage 
through a bacterial filter. 

The turbidity measurements were made with a 
Klett-Summerson photoelectric colorimeter, using 
the No 42 filter to reduce the influence of the 
colored medium. All turbidity values are reported 
in Klett units 

The procedure used for the counting of cells vas 
essentially that of Hall, Johnson, and Loefer (1.7), 
using a Sedgcwick-Rafter counting chamber (Scien- 
tific Glass Co , No. \V40Q0) and a Whipple (Kular 
micrometer Cells were killed through addition of 
an aliquot of diluted formalin to yield a final concen- 
tration of 1% formaldehyde. When ncccssarj, 
samples were diluted with a 0.21% sr,Iution of s/j- 
dium chloride. The total number of cells counted in 
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each sample was between 500 and 1,000. Recently 
Scherbaum (16) has established that the error in this 
counting procedure is about 5%. 

The alkali-soluble biuret-detectable protein was 
determined on washed cell preparations using the 
procedure of Gomall, cl al. (li). Cells were col- 
lected and washed with the above-mentioned solu- 
tion of sodium chloride through the use of centri- 
fugation at 2,500 r. p. m. (International Centrifuge, 
size 1) for five minutes. The biuret reagent was 
added directly to the cells washed free of medium 
and the absorbance was determined in a model B 
Beckman Spectrophotometer, using crystalline 
bovine albumin as a standard. The values so ob- 
tained were the same as when the washed cells were 
first treated with trichloroacetic acid and the precipi- 
tated protein washed with diluted trichloroacetic 
acid prior to the addition of the biuret reagent. 
The simpler of the two procedures was used since 
all values are comparative and not absolute. 

Growth Studies. — All critical growth trials were 
carried out using 2,000-ml. Povitsky flasks contain- 
ing 750 ml. of culture medium. The reasonablj' 
large surfaee-to-volume ratio thus obtained fostered 
rapid growth and the large volume pennitted the fre- 
quent withdrawal of samples without marked 
changes in the surface-v'olume ratio of the culture. 
Further, in this fashion, the growth studies were con- 
ducted under the same conditions as were necessary 
to obtain sufficient cells for the respiration studies. 

First, the effect of various concentrations of 
urethane on the rate of increase of cell mass was 
determined in order to insure that our strain of 
Tetrahymena behaved similarly to the one used by 
Ormsbee and Fisher (6). The results of such growth 
trials testing the effect of six concentrations of 
urethane are presented in Fig. 1. In these trials 
each flask, containing 750 ml. either of the medium 
or the medium with the indicated concentration of 
urethane, was inoculated with 5.0 ml. of a suspen- 
sion (5 X 10* cells) from a stock culture in the rapid 
phase of growth. The flasks were incubated at 27° 
in the dark. Aliquots were withdrawn about every 
twelve hours for the determination of turbidity and 
cell protein. Only the results of the protein deter- 
minations are given in Fig. 1 since the Klett’s units 
and the protein content were directly related through- 
out all growth trials with and without the several 
concentrations of urethane. The results, showing a 
graded effect of the several concentrations of the 
drug with essentially no growth at 0.11 M, are in 
good agreement with the findings of Ormsbee and 
Fisher (6). 

To test the possibility of training the protozoa to 
overcome, at least partially, the growth-inhibiting 
effects of urethane, the organisms were subculturcd 
in Klctt-Sumnierson tubes containing 5.0 ml, of 
cither 2.0% proteose-peptone (Difeo) or the same 
medium with urethane. The 0.1 ml. of inoculum 
was taken from a proteose-peptone culture in the 
stationary phase of growth. The tubes were incu- 
bated in the dark at 25°. Two-hundredths .1/ 
urethane was selected as the concentration for 
initial^ exposure of the cells to undergo training, since 
at this concentration growth is only slightly in- 
hibited or even stimulated. Both normal cells and 
the cells uruiergoiug training were subculturcd every 
five d.ay.s. The cells under training were transferred 



Fig. 1. — The effect of several concentrations of 
urethane on the growth of normal cultures; O = 
control; X = 0.03 M; 0 = 0.056 K; A = 0.07 M; 
D = 0.09 M; A = 0.10 and ■ = 0.11 M. 
The ordinate represents the e.xperimental value 
times 100. 


twice into medium containing 0.02 M urethane and 
twice into medium containing 0.04 M drug. The 
normal or control cells were subcultured with the 
same frequency. 

To test the results of training, the time-dependent 
increases in turbidity of the normal cells in the 
presence and in the absence of 0.08 urethane were 
compared with the increases of the drug-exposed 
cells in the presence of 0.04 M and 0.08 Af urethane. 
The results presented in Fig. 2 indicate that the 
cells trained in 0.04 il/ drug increased in mass at 
about the same rate in the presence of either 0.04 M 
or 0.08 ir urethane as did the normal cells in the 
absence of the drug. The cells previously une.x- 
posed to the drug showed a greatlj’ retarded rate of 
increase of mass in the presence of the 0.08 Af ure- 
thane. Clearly, training under these conditions 
leads to an almost complete reduetion in the sensi- 
tivity to the growth-inhibiting effects of 0.08 AI 
urethane. The pronounced lag in growth observ'ed 
in all trials in Fig. 2 is due to the use of mature cul- 
tures as inocula in the subculturing and in the test- 
ing, and is not due to the action of the drug. 

Similar studies indicated that concentrations 
above 0,08 AT urethane could not be used for testing. 
When the training concentration was raised to 0.1 AT 
only meager growth was observed for several sub- 
culturings, followed bj’ complete failure of growth. 

It was necessary to alter the conditions for train- 
ing to provide sufficient uniform material for the 
later studies. All subsequent subculturing made 
use of 300-ml. Erlenmeyer flasks containing 40 ml. 
of medium with or without urethane. To permit 
more rapid growth than that indicated in Fig. 2, the 
medium consisted of 1.8 proteose-peptone and 0.2% 
yeast extract, as in the stock cultures. 

Trials testing the effectiveness of training under 
the new conditions were carried out using turbidity 
as the index of cell mass. The results of one set of 
trials are presented in Fig. 3. The cells undergoing 
training were brought through a series of concentra- 
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Fig 2 — The effect of urethane on the growth of 
test tube cultures of trained and untrained cells 
O = control , # = trained in 0 04 jl/ urethane and 
tested in 0 04 M, X = trained in 0 04 M urethane 
and tested in 0 08 A/, A = untrained and tested in 
0 08 Af 



Fig 3 — The effect of urethane on trained and 
untrained cells which had been cultured in Erleii- 
mc\ er flasks containing the standard medium Xor- 
mal cells, O = control, A = 0 07 Af, Q = 0 08 A/, 
and ^ = 0 09 1/ Trained cells, 9 = control, 
A = 0 07 1/, ■ = 0 08 Af, and ♦ = 0 09 Af 

tions of urethane and, at the time of the growth 
tmls, had been subcultured in 0 08 4/ urethane c\er\ 
forta -eight hours for four times (two hundred six- 
teen hours) Control cells were subculturcd in the 
plain medium with the same frequenev The 
growth trials were carried out in 300 ml Erlcn 
meter flasks fitted with a side arm suitable for iiiscr 
tion into the Klett Summerson instrument rort 3 
ml of medium or medium with urethane were 
inoculated with 0 j ml of suspension from either of 
the two final subcultures. 


The results given in Fig 3 indicate that subciiltiir 
mg and testing under conditions which permit 
greater oxj genation (surface-volume ratio) and more 
rapid grow th do not give rise to so great a decrease in 
sensitix it}’ to the drug as w as observed in the results 
presented m Fig 2 All three test concentrations of 
urethane produced a proportional decrease in the 
rate of increase m cell mass Howeser, there re 
mains a significant effect of training, since in each 
test concentration the drug exposed cells multiplied 
(turbidity) more rapidly than the previoiisl} init\ 
posed cells 

Similar studies demonstrated that shorter periods 
of training m 0 08 Af urethane produced no measiir 
able increase in drug resistance Extension of the 
training period, with frequent subcultunngs, during 
fifteen da} s, or ev en six months, did not gi\ e better 
results than those presented m Fig 3 In no case 
did training permit growth in the presence of 0 1 U 
urethane 

To observe the effect of training on increase in 
cell mass as judged both b} turbidit}’ and cell count, 
growth trials were conducted in Povitsky flasks 
The 750 ml of medium with or without urethane 
were inoculated with either trained or normal cells 
to yield an initial densit} of about 1,000 cells per ml 
The trained cells had been subcultured in 0 08 Af 
urethane every fort} eight hours for fifteen da}s 
The normal cells were subcultured with the same 
frequency Samples were withdrawn approxi 
mately every twelve hours during the incubation 
period 

To conserve space, the results of the influence of 
the drug on the turbidity of the cultures are pre 
sented in Fig 4 only as a regression line correlating 
turbidity with cell count The cell count and Klett 
reading for every sample taken from both the 
trained and untrained cell cultures were used in the 
preparation of Fig 4 While several factors un 
doubtedly contribute to the observed lack of 
linearity in the regression line, the principal factor 
relates to dead cells and debris As the cultures 
increase in age, the number of dead cells and the 
debris contribute to the Klett readings m a manner 
not reflected in the cell counts which included 
principall} li\e cells It is significant to point out 
that the results from both t} pes of cells fit the curie 
equall} well This fact precludes the need to 
present both cell count and turbidity data and sog 
gests (18) that there is no great disparit} in size be 
tween the normal and the trained cells Closer 
attention was not given to the effect of tr lining on 
cell size and morpholog} 

The results of the effect of the drug on the r itc of 
increase m cell count arc presented in F ig 5 as a 
scmilog curxe, wherein the tune dependent count 
diiided b} the iiiitnl count is plotted on a logarith 
mic scale against time It is clear from Fig 5 th it 
both the trained and the untrained cells multiplied 
at an almost identical rate m the absence of drug, 
while the trained cells multiplied more rapidh m each 
of the test concentr itions of drug Thus, tr lining 
prmluced ,m mere ise in drug resistance as judged 
both b} turbidite (cell mass) and cell count The 
lick of Imearits winch deeelops at .ibout the fifth 
generation is related to ox}gen want and wiH be 
considercel more fulls in the second p iper in tin' 
senes (10) The period of log iritlunic growth, as i' 
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Fig, 4. — Con-elation of ceil numbers ivith Kfett 
readings. Open circles relate to normal cells; solid 
circles relate to trained cells. The values on the 
ordinate ore to be multiplied by 1,000 to yield the 
experimental value. 


customary, has been used to calculate the mean 
generation time, as given in Table I, to provide 
quantitative estimates of the effect of training. 
The values for the per cent increase in mean genera- 
tion time presented in Table I indicate that e.acb of 
the test concentrations have about one-half the 
inhibitory effect on the trained cells as upon the 
untrained cells. 

Respiration Studies. — The effect of various con- 
centrations of urethane on the rate of the endogenous 
respiration of normal and trained cells was measured 
at 27° essentially according to the procedure of 
Onnsbee and Fisher, using the conventional Warburg 
technique. The drng-c.\poscd cells had been sub- 
jected to weekly subcultnring iu O.OS Af urctlianc 
tor the period of approximately six months. To 
obtain suniciciit cells, the final growth was con- 
ducted in Poviisky flasks. The normal cells were 
harvested from the 750 ml. of medium at the end of 
forly-cight hours while the trained cells were har- 
vested from the 750 ml. of urethane-containing 
tncdinm nl the end of seventy-two hours. In this 


Table I. — The Effect of Ethyl Carbamate on 
THE Generation Time of Normal and Trained 
Tetrahymena 


— 

Molar Conen, 

Mean Generation Time® 

Cell Type 

of Urethane 

Time, Hr. 

Increase. % 

Normal 

0.00 

3.4 



0.07 

4.4 

29 


0.08 

5.0 

47 


0.09 

5.6 

65 

Trained 

0.00 

3.4 



0.07 

4.0 

is 


0.08 

4.3 

26 


0.09 

4.7 

38 


“ Th^ mea.a generation times were calculated from the 
first'order rate constants estimated from the slopes of the 
curves in Fig. 5, 



Fig. 5. — The effect of several concentrations of 
urethane on trained and untrained cells. The time- 
dependent cell count (Pt) divided by the initial 
cell count (F’o) is plotted on a logarithmic scale. 
Normal cells, O = control; A ~ 0.07 Af; = 
0.08, and □ = 0.09 Af. Trained cells, • = con- 
trol; A = 0.07 Af; ♦ = 0.08 Af. and ■ = 0.09 AI. 


way, approximately the same number of cells were 
obtained from each populatioa. The cells were 
washed three times with 0.005 AI phosphate buffer 
(pH 6.9) through the use of an angle head centri- 
fuge, Each centrifugation was carried out for three 
minutes at 150 X g. The washed cells ^v'ere sus- 
pended in 30 ml. of the phosphate buffer to yield a 
suspension containing about 2.5 mg, of cell protein 
per ml. (1.7 X 10' normal cells per ml.). After 
about twenty minutes of time for preparation, the 
Warburg vessels were loaded with 1.0 mi. of the cell 
suspension, to which was added 0.5 ml, of the appro- 
priate concentration of urethane in phosphate buffer, 
additional phosphate buffer ivas added to give a 
final volume of 2.3 ml, in the main compartment in 
all vessels. The center well was charged w-ith alkali 
(0.2 ml. 20% KOH) and filter paper in the usual 
manner. After a ten-minute period for temperature 
equilibrium, the respiration trials were carried out 
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with air as the gas phase and with shaking at the 
rate of 130-134 cm. excursions per minute. It was 
established that the values reported were not 
limited by the rate of diffusion of oxygen. The up- 
take of oxygen was measured for a period of either 
sixty or ninety minutes, during which time the rate 
was essentially constant except in concentrations in 
excess of 0.2 4/ wherein the rate fell markedly and 
the effect of the drug was not reversible. 

The rate (/il. Oj/hour/mg. protein) of the endog- 
enous respiration of the normal cell amounted to 
33, while that of the trained cell amounted to 34. 
These almost identical values are in good agreement 
with values in the literature reported on a dry weight 
basis (20, 21, 22) when allowance is made for the 
difference in the manner of expressing the values. 
Only one set of the many trials carried out is re- 
ported in the data presented in Fig. 6. Each point 
on the sets of curves in Fig. 6 represents the average 
of the results from two vessels from each of two cul- 
tures. Ten concentrations of urethane, ranging 
from 0.025 4/ to 0 2 M, were studied in addition to 
the non-urethane controls. The results presented in 
Fig. G are in the form of the “mass-action law” plot 
used by Ormsbee and Fisher : U is the rate of oxj'gen 
consumption in the presence of a given concentration 
of urethane; I is the difference between U and the 
respiration in the absence of urethane.’ 

As first pointed out by Ormsbee and Fisher, the 
effect of urethane on the rate of the endogenous 
respiration is best characterized by two intersecting 
straight lines. In the case of both classes of cells, 
the lines intersect at a urethane concentration of 
about 0.11 il/. In the results of Ormsbee and 
Fisher, the break in the curve was observed at 0.1 M 
urethane. The difference in the sensitivity to the 
drug of the more sensitive respiration, as indicated 



Fig 0. — The effect of urethane on the endogenous 
respiration of trained and untrained cells. The data 
are plotted according to the formulation of Ormsbee 
and Fisher (see text). 


• .tcoirdin;; to Fi-her fit), lo;: (L'/f) = lo;: K — a loK .V, 
where A' the dis-rtcialion cr,nstant of a tIruK-enzyme Cftm- 
iCei. .\ the concentration of dm;:, and c is the number of 
motecules of dm^ uniting with each actiee enzyme site. 


in Fig. 6, is small. At 0.11 il/ urethane the endog- 
enous respiration is depressed 26%, while the 
respiration of the trained cell is depressed 35(;c. 
The differences are less at lower concentrations. At 
the lowest concentration, the difference amounts to 
about 4%. In any event, the trained cell is more, 
rather than less, sensitive to the respiratory depress- 
ing effects of urethane. This finding is in contrast 
to the effects on growth, wherein the trained cell is 
significantly' less sensitive. 

Metabolism of Drug. — While these studies had 
little concern with the mechanism by which tlic 
increase in drug resistance took place, it was deemed 
necessary to exclude the possibility' that the improved 
growth was due to the circumstance that the trained 
cells metabolized urethane faster and thus caused 
a reduction in the relative concentration. Due to 
the greater exposure of the cells to urethane in the 
growth trials, in contrast to the respiration trials, an 
increased capacity to metabolize urethane would 
bias the growth results more than the respiration 
data. Accordingly', we tested the ability of the 
trained cell to metabolize urethane. 

An amount of urethane to yield a final concentra- 
tion of 0.08 M was added to each of four 750-inl. 
portions of medium and to each of two 750-inl. 
volumes of water. Two of the flasks containing 
medium were inoculated with trained cells and incu- 
bated for seventy-two hours, after which the cells 
were removed by' centrifugation. One hundred- 
milliliter aliquots were then removed from each of 
the cell-free media and from each of the remaining 
vessels and extracted repeatedly with ethyl ether 
by a standardized procedure. The urethane in 
each of the ether extracts was crystallized with tlic 
use of petroleum ether, dried, and weighed. The 
averages of the duplicate weights from each set of 
aliquots were: 475 mg. from water; 475 mg. from 
the plain medium, and 480 mg. from the medium 
which had supported cell growth. The melting 
points of the several samples were in the range 48- 
50°. The agreement in amounts recovered by the 
standardized procedure indicates that degradation 
of urethane is not significant and that it is not the 
mechanism by' which training in growth takes place. 

DISCUSSION 

The results presented in Figs. 1 and G, pertaining 
to the control cells, establish the fact that despite 
some differences in experimental conditions, tlic 
strain of Tetrahymcna used in these cxperiniciits 
responded to urethane similarly to the strain used by 
Ormsbee and Fisher (6). As in their results, the 
"mass-action law” plot of the results relating the 
rates of endogenous respiration to the concentration 
of urethane is best represented by' two intcrscctiiig 
straight lines (Fig. G). Likewise, the coneeiitratioii 
of drug associated with the point of intersection is 
the same as that which inhibited cell multiplication 
almost completely'. According to them, the respira- 
tory activity suggested by the line with the lesser 
slope is related in a specific fashion to the proce.ss of 
cell multiplication. The respiratory function repre- 
sented by the greater slope rvas considered to he 
associated with the vegetative activity of the cell. 
The argument was advanced by us (to present only 
one possibility) that support for their proposal woiihl 
be obtained if cells trained to grow in urethane 
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showed an appropriate decrease in the sensitivity of 
the respiration to the depressing effect of the drug. 
The significance of the results would be enhanced if 
the change in sensitivity were confined to that por- 
tion of the respiration suggested by the lesser slope. 

The results presented in Figs. 2, 3, and 5 demon- 
strate clearly that training in urethane promoted 
measurable increases in the resistance of the cultures 
to the growth-inhibiting effect of the drug. How- 
ever, the results obtained under conditions of poor 
oxygenation and slow growth (Fig. 2) stand in sharp 
contrast to the results obtained under conditions of 
good aeration and more rapid growth. The cell 
trained in 0.04 M urethane under conditions of poor 
oxygenation developed a complete insensitivity to 
the growth-inhibiting effect of 0.08 M urethane. It 
is noteworthy that even with the degree of training 
established relative to the effect of 0.08 M urethane, 
it was not possible to train the organisms to grow, 
even slowly, in 0.1 M urethane. The limited degree 
of training which we have achieved with Tetra- 
hymena is in marked contrast to the successes 
achieved by Hinshelwood (13) and co-workers work- 
ing with bacteria. It is generally recognized that 
protozoa adapt to the inhibitory effect of most 
drugs only slowly and not extensively (23). 

The results presented in Fig. 6 indicate definitely 
that neither the more sensitive respiration nor the 
total endogenous respiration showed a decrease in 
drug sensitivity as a result of training. Indeed, the 
adapted cells were slightly more sensitive to the 
respiratory effect of the drug. 

Tliese findings indicate quite definitely that there 
is no change in respiration, reflected in the endog- 
enous respiration, that would account for the de- 
gree of training obtained in the growth studies. In 
a similar fashion, Preston and Eiler (24) could find 
no decrease in sensitivity to the respiration depress- 
ing effect of pentobarbital in brain slices from rats 
rendered tolerant to the action of the drug. How- 
ever, McCashland (25) reccntlj' observed an adaptive 
increase in the respiration, measured under the condi- 
tions of growth, in Tetrahynicna trained to resist the 
effects of potassium cyanide. 

The absence of a rigid coupling between respir- 
ation and cell multiplication, however, does not pre- 
clude a significant relation between the two proc- 
esses. An important aspect of cell respiration, to- 
gether with the anaerobic metabolism, is the supply 
of energy it provides for endergonic processes The 
energy-rich phosphate compounds formed as a re- 
sult of aerobic oxidations, and to a lesser e.xtcnt 
anaerobic oxidations, make possible growth and 
division of the celt. A coupling between respiration 
and growth based upon supply and demand for 
energy-rich compounds is a necessity in the life of 
aerobic organisms. A significant depression in 
respiration must be accompanied by a decline in 
endergonic processes unless compensated by an 
increase in the rate of the reactions which supply 
energy under anaerobic conditions. It is possible 
that jnsl such an increase in anaerobic incmbolism 
may be basic to the improvement in growth ob- 
served in our experiments. 

The greater resistance to the growth-inhibiting 
effects of urethane established under the conditions 
of poor oxygenation and slow growth (Fig. 2) sug- 
gests that the principal change in the trained cd! is 


the development of a more significant anaerobic 
metabolism. Rylej- (21) has shown that Tetra- 
hymena pyrifonitis is able to survive and maintain 
motility under anaerobic conditions The anaerobic 
metabolism, at least of mammalian cells, is not nearly 
so sensitive to the inhibitory effects of narcotics as 
is the aerobic metabolism; indeed, the aerobic gly- 
colysis of brain is increased by narcotics (4). An 
increase in anaerobic metabolism is a logical conse- 
quence of subculturing in relatively anaerobic condi- 
tions, especialljf when the aerobic metabolism has 
been depressed somewhat by urethane. 

The acceptance of an adaptive change in the 
anaerobic metabolism carries with it the idea that 
growth and division are inhibited primarily through 
the action of the drug on respiration. Certainly, if 
the growth-inhibiting effects are, in part, reversed 
by the development of an anaerobic metabolism, it is 
not reasonable that that fraction of the growth could 
have been inhibited by a direct effect of the drug on 
the growth process per se. 

It should be clear that the respiration whose 
inhibition has been considered to lead to an inhibi- 
tion of growth is not the respiration which has been 
measured in these experiments; rather, it is the 
respiration which is measured under conditions in 
which cell division is taking place. The possible 
relation between the two respirations, relative to 
growth, is not known at this time. Fortunately, 
such interrelations, together with the behavior of 
the anaerobic reactions, are susceptible to experi- 
mental study. 


SUMMARY 

1. The effects of urethane on the endogenous 
respiration and on the rate of cell multiplication 
has been studied on trained and untrained cells of 
Tetrahymcna pyriformis with the view of gaining 
some understanding of the mode of action of 
narcotic drugs. 

2. The results of the action of the drug on the 
untrained cells are in good agreement with the 
earlier findings of Oimsbee and Fisher which 
suggested a significant relation between cell 
multiplication and respiration. 

3. The cells from cultures which had been 
trained by repeated subculturing in the drug 
showed a higher rate of cell multiplication in a 
given concentration of drug than did the un- 
trained cells. The difference was most marked in 
cultures which have been trained under condi- 
tions of poor o.xygenation. However, the endog- 
enous respiration of the trained cells in a gwen 
concentration of urethane was no higher than 
that of the untrained cells. 

4. The results are considered in terms of a 
possible mode of action of urethane. 
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Dialkylamino ethyl Esters of 4-Nitro- and 
4- Amino-3 -hydroxy-2-naphthoic Acids* 

By GEORGE M. SIEGERf, WILLIAM M. ZIEGLERf, DAVID X. KLEIN, 

and HERMAN SOKOL 


The 2-diethylaminoethyl ester of 3-hydroxy-2- 
naphthoic acid was nitrated in acetic acid 
solution to yield the corresponding ring- 
substituted 4-nitro derivative. Catalytic hy- 
drogenation of the nitro compound gave 
2-diethylaminoethyl 4-amino-3-hydroxy-2- 
naphthoate hydrochloride. The anesthetic 
properties of these nitro and amino deriva- 
tives have been studied and compared with 
unsubstituted 3-hydroxy-2-naphthoic acid 
esters of the same series. 


Tn a previous public.ation (1) the synthesis 
of a number of dialkylaminoalkyl esters and 
amides derived from 3-hydroxy- and 3-alkoxy-2- 
naphthoic acids and some of their physiological 
properties were described In continuation of 
these earlier studies, it was deemed worthwhile 
to prepare ring-substituted nitro and amino 
derivatives of the 2 diethjdaminoethyl ester of 
3-hydro.xy 2-naphthoic acid in order to deter- 
mine whether or not the anesthetic activity could 
be enhanced with relation to the unsubstituted 
ester The rationale supporting the possibility 
for an increased anesthetic effect lies in the fact 
that the proposed compounds could be considered 
naphthoic acid analogs of ring-substituted local 
anesthetics, such as procaine (2-diethylamino- 
ethvl 4-amino- 1 -benzoate) and Xaphthocaine 
(2-diethvlaminoeth},l 4-amino- 1-naphthoate) and 
their related 4 nitro compounds (3, 4). Since 
It has been demonstrated in several series of the 

• ReceiNed September 21 1958 from the Research Laf>ora 
mne'iof the He>den Newport Chemical Corp , Garfield, N J 
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lion jnti assistance ofTered by Drs Kal[>h N T.ulek, Robert 
U Ba-th Neil I Riglcr. Cjnl D Wilson, and John F Snow 
in ca'T} mg out the^e studies 


local anesthetics that the introduction of second 
ring substituents, such as amino or alkoxyl 
groups, sometimes increases the activity (3-9), 
there seemed to be a sufficiently good reason for 
preparing a ring-amino derivative of 2-dicthyI- 
aminoethyl 3-hydroxy-2-naphthoate for testing 
as a local anesthetic. 

Synthesis of the proposed ring-substituted 
amino derivative of 2-diethylaminoethyl 
3-hydroxy-2-naphthoate was accomplished by 
nitrating the hydrochloride of this ester (I) in 
glacial acetic acid under the same conditions 
described by Gradenwitz (2) for the preparation 
of methjd 4-nitro-3-hydroxy-2-naphthoate (\ ) 
and subsequent reduction of the nitro derivative 

(II) to the corresponding amino compound 

(III) by catalj'tic hydrogenation. 


/C-H. 

/V /COOCH.CH-X’ . HCI 

I OH 
R 


II - R = XO, 
111 - R = NH 2 


Designation of the nitro and amino groups as 
ring substituents in the 4-position is consistent 
with the work of Gradenwitz (2) who obtained 
the 4-nitro ring derivative of the methyl ester of 
3 hydroxy -2-naphthoic acid (V) under conditions 
similar to those used for nitration of the dictfiyl- 
aminoethyl ester. These structures were estab- 
lished further by hydrolyzing both the nitrated 
methyl and 2-diethylaminoclhyl esters fV and II) 
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to give the same acid, namely, 4-nitro-3 hj'droxy- 
2 naphthoic acid (VI) described by Robertson 
( 10 ) 


PHARMACOLOGY 

In comparative rabbit corneal anesthetic tests run 
according to the method of Sollmann (11) and de- 
scribed more fully m our previous publication (1), 
the 4-nitro and 4-amino ring-substituted derivatives 
of 2-diethylaminoethyl 3-hydro\y-2-naphthoate 
hydrochloride (11 and III) did not appear to be sig- 
nificantly more active than the unsubstituted ester 
(I) and were less active than the homologous 3-di- 
ethvlaminopropyl 3-hydro\y-2-naphthoate h\ dro- 
chloride (Bonacaine-G) (1) 

EXPERIMENTAL 

2-Diethylaininoethyl 3-Hydroxy-2-naphthoate 
Hydrochloride (I) — ^This ester was prepared by the 
reaction of 3-hydroxy-2-naphthoic acid with the 
free base of dictliylaminoeth)'! chloride as described 
in procedure C of our previous publication (1 ) 

2-I5iethyIamiiioethyl 4-Nitro-3-hydroxy-2-naph- 
thoate Hydrochloride (11) — Thirty-two grams (0 1 
mole) of 2-diethylaminoethyl 3-hydra\y-2-naph- 
tlioate hydrochloride (I) nas suspended in 350 ml 
of glacial acetic acid While the suspension was 
chilled m an ice bath and stirred, 10 ml (ca 0 15 
mole) of concentrated nitrie acid, diluted with 
150 ml of glacial acetic acid, was slowly added 
dropwise so that the temperature remained below 
20° Aftei all the nitrating solution had been added 
the ice bath was removed The temperature of the 
reaction mixture rose slowly to 29° and its color 
turned from pale yellow to dark orange. An addi- 
tional 100 ml of glacial acetic acid was added to the 
stirred mixture After about twelve hours the mix- 
ture w’as filtered through a sintered-glass funnel to re- 
move the somewhat pasty crude mononitro com- 
pound After triturating the crude product with 
2B ethanol and heating it under reflux with 250 ml 
of hot anh 3 -drous ethanol for several hours, the prod- 
uct was filtered The j’ellow' crj'stallinc compound 
was triturated rcpcatedlj' with alcohol-ether, m. p 
219-221°: j-ield, 13 Gm (35 4%) 

.dnaf.— Calcd for CnHjiOjNjCl ; N, 7 0; Cl, 
9 6 Pound: N, 7 3. Cl. 9 5 

2-DiethyIaminoethyl 4-Amino-3-hydroxy-2- 
naphthoate Hydrochloride (III) — Tweh'c grams 
(0 0320 mole) of 2-dicthylamhiocthyl 4-nitro-3- 
h.vdroxy-2-naphthoate hj'drocliloridc (II) and 03 
Gm of platinum oxide catalj-st were suspended in 
150 ml of ethanol and 10 ml of water The mixture 
was liydrogcnatcd at room temperature, under an in- 
ilial pressure of 44 p s i , for six hours. After re- 
moval of the c.italjst, the mixture was coiiceiitrated 
iH laaio at as low a temperature as possible. On 
chilling the concentrate, gold-yellow needles sep- 
.iratcd from the solution After filtration, the dried 
prixluct melted 184 8 to 185 8°; yield, 2.5 Gm. 
(22 5%). It w.as soluble in water and much less 
soluble in small volumes of cold alcohol or acetone 

.Inal— Calcd foi CijH-,OjX;Cl- C, 60 3; H. 
08, N, 83; Cl, 105 Found: C, 60 4; H,70- 
N'.8 4, Cl, 10 3 

Methyl 3-Hydroao’-2-naphthoate (IV)— The pro- 
cedure used for preparing the methyl ester of 3- 


hydroxy 2-naphthoic acid vas essentialh a modi- 
fication of the procedure of Cohen and Dudlei- (12) 
The yellow crj'stalline ester obtained melted 71 
to 73° Literature (12) gives 73 to 74° 

Methyl 4-Nitro-3-hydroxy-2-naphthoate (\') — 
The methj-1 ester of 3-hj’droxj -2-naphthoic acid 
(IV) was nitrated in acetic acid bj- essentialh the 
same procedure as described bj' Gradenwitz (2) 
The mononitro compound was isolated as yellow 
crj'stalline needles melting 186 to 189° in a 30% x ield 
The literature (2) gives 188 to 189° as the m p 
for this compound. 

Anal — Calcd forCuHsOsN; N, 5 68, ester value, 
227 mg KOH/Gra Found' N, 5 69, ester \alue, 
234 9 mg KOH/Gin 

4-Nitro-3-hydroxy-2-naphthoic Acid (\T) — 
Twenty grams (0 081 mole) of meth}'l 4-nitro-3- 
hydroxj’ 2-naphthoate (V) was saponified with 
400 ml of 10% sodium hj'droxide solution diluted 
with 400 ml of water over a two hour period ixitli 
the aid of gentle heating until almost a completely 
red-colored solution was obtained While hot, the 
solution was filtered The small amount of insolu- 
ble material on the filter plate was washed v ith an 
additional 200 ml of water The red-colored filtrate 
was acidified with excess concentrated hydrochloric 
acid (ca 300 ml ), causing the color of the filtrate to 
turn yellow and the piccipitation of a j-ellow-coloi ed 
product. It was filtered, washed with water, and 
dried: yield. 16 4 Gm (87%); m p 233 9 to 
234 9° Robertson (10) reported 233 to 238° (de- 
compn ) as the melting point for this compound 

Anal — Calcd for CnHjOsN' N, 6 02, mol wt, 
233 Found; N, 5 74; mol wt , 231 (by potentio- 
metric titration). 

Hydrolysis of 2-Diethylaniinoethyl 4-Kitro-3- 
hydroxy-2-naphthoate Hydrochloride (II) — Fol- 
lowing the same procedure as described above, 
2-dictliylammoethj'i 4-nitro-3-h}'drox}'-2 naph- 
thoate hydrochloride (11) yielded the same corre- 
sponding acid (VI), as ascertained by melting point 
and microanalytical determinations 

SUMMARY 


1 . The 4-nitro and 4-aTnino ring derivatives of 
2-diethylaminoethyl 3-hydroxy-2-naphthoate hy- 
drochloride have been synthesized. 

2. Introduction of the 4-nitro and 4-amino 
substituents into the 3-hydro\y-2-naphthoic 
acid nucleus of the basic ester did not alter its 
anesthetic activity significantly. 
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In Vivo Fibrinolytic Effect of Various Proteolytic 
Enzymes: Quantitative Tests Employing 
Iodine ^-Labeled Clots* 


By J. L. AMBRUSt, N. BACKf, S. GOLDSTEINff, 

C. M. AMBRUSt, and J. W. E. HARRISSON 

Purified fibrinogen was labeled with I”'. Clots were produced in various blood 
vessels of dogs with the aid of this material. Radioactivity was continuously regis- 
tered over the clot. Thus, the clot dissolving activity of potential fibrinolytic agents 
could be evaluated quantitatively. Four proteolytic enzymes of animal and plant 
origin were found to be ineffective as fibrinolytic agents. 


ATany methods have been described to pro- 
duce experimental thrombosis in animals. 
In the study of potential fibrinolytic agents, the 
disappearance of the clot was observed mainly by 
palpation, visual observation during autopsy, 
or histologic preparations. All these methods 
are obviously qualitative. We have developed 
methods (1, 2) for the quantitative testing of 
such agents. Fibrinogen was labeled with I*’* 
and the radioactivity of the clot produced with 
this material in vivo was continuously recorded 
over the thrombosed area. Using this method 
together with conventional procedures, the 
fibrinolytic activity of tiypsin and various prep- 
arations of plasmin have been tested. Prep- 
arations and dose ranges of plasmin were found 
which effectively dissolved clots without causing 
important biochemical changes (3). Neverthe- 
less, because of various difficulties involved in 
the use of such preparations therapeuticall}', 
it was felt that a preliminary screening should be 
undertaken in search for other effective agents. 
Four proteolytic enzymes of animal or plant 
origin were tested in this study: crude pan- 
creatic protease, ficin, papain, and carbo.xypepti- 
dase. 

MATERIALS AND METHODS 

.Adult mongrel dogs of both sexes were used. They 
were anesthetized with 25 mg./Kg sodium pento- 
barbital; this dose was supplemented with further 
doses as needed. The veins or arteries to be throm- 
bosed were prepared and the segment to be used was 
isolated between two artery clamps. .All side 
branches were ligated except for one which was can- 
nulated with a polyethylene tube Most of the 

* Received May o 1955. from the LaW'all Memorial Labora- 
tory’ of Pharmacology and Biochemistry, Department of 
PhTnnacoIo;jj’. Graduate School. Philadelphia College of 
Pharmacy and Science. Philadelphia 1. Pa 

t Present address Ro>weI! Park Memorial Institute. 
Bufla’.n, N. Y 

tt Present address N'orwich Pharmaceutical Co , 17 
Eaton Ase , Norwich. X Y 

5\'c are greatly obliged to Parke. Dams and Co for throm- 
bin and Benadr\l, Lederle Laljoratories for penicillin. Sharp 
and Dohme Dims on of Merck and Co for streptomycin, 
Chas Pfrer and Co for Terram>cin, and Warner-Chilcott 
Labs for S mplastin 


blood from the isolated segment was withdrawn 
through this cannula into a sj-ringe containing 0.1 
to 0.2 ml. I'”-labeled fibrinogen. The mixture was 
withdrawn and reinjected three times to insure 
proper mixing. This was followed by the introduc- 
tion of thrombin in 0.1 ml. saline. 

A semi- or completely constricting ligature Has 
placed distal (in arterial clots) or proximal (In 
venous clots) to the thrombosed area. Tliis served 
to prevent escape of the clot without being lysed. 
If such escape nevertheless occurred, the embolic 
clot particles could easily be detected by scanning 
the animal with the scintillation counter. Experi- 
ments in which this occurred were excluded from 
evaluation. It is possible that in some studies re- 
ported by other investigators in which conventional 
methods were used, escape of the clot may have been 
recorded as lysis of the clot. This may explain 
some positive results in the literature which could 
not be confirmed by this method. 

After about thirty minutes the polyethylene c.in- 
nula was removed and the side branch ligated; the 
artery clamps were removed and the vessel was 
placed in the trough of a specially constructed lead 
shield which accommodated a scintillation counter. 
This was connected to a radiation rate meter which, 
in turn, was connected to a counter as well as to an 
Esterline recorder. The former registers the tot.iI 
number of counts within any desired time period, 
while the latter continuously graphs count per min- 
ute values. All values in the tabic refer to radio- 
active counts per minute. 

In preliminary experiments it was shown tliat de- 
crease in radioactivits' registered by these nictliods 
is proportional to lysis of the clot. After lysis of 
the clot witli trypsin, which was incorporated into 
the clot at the time of its formation, radioactivity 
rapidly decreased in the blood and did not increase 
to any important degree in any organ. Most of the 
was recovered from the urine. Proljaldy I 
labeled fibrin was broken down to small molecular 
size peptides which are not taken up by tlic tliyroid 
gland. 

Radioactivity was continuously recorded for at 
least four hours, and ever}' twcnt}'-foiir hours 
thereafter. The dogs received 1 million units peni- 
cillin and 2.50 mg. streptomycin snbcutanconsly 
daily, and veterinary Terramycin powder I'Krally. 
The wound was closed with wound clips and re- 
opened for the daily recordings. In tlie tables, the 
values before administration of the agents to 1m? 
tested and at four, twenty-four, and ninety-six 
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ll hours uere reported If the animal died before the 
end of one of these periods, the values u ere recorded 
in the tables at the nearest of these time periods 

an additional cnterion of fibrmobsis, visual 
observation by transillumination was undertaken 
The light source of a Metro photoelectric tensiometer 
was dismounted This provuded a powerful light 
source at the end of a thin, curved, stainless steel 
tube Bj holding the light source under the throm 
bosed segment of the vessel, the presence or absence 
of fibnn network could be established to some de- 
gree The following arbitrary' units were used to 
report these data 3 — full clot, no fluid phase, 2 — 
full dot, little fluid phase, 1 — decreased clot size, 
more fluid phase, 0 — no clot Figure ID ' is a photo- 
graoh of the expenmental setup 
Iodine”‘-labeled fibrinogen was prepared on the 
basis of a modification of the method of Mihalyi 
and Laki (4) as described previously (1, 2) Two 
grams of commercial bovine fibnnogen was dis- 
• solved in 100 ml of a 0 1 M phosphate buffer at pH 
■ 8 4 To this was added 100 ml cold distilled water 
This was refrigerated for at least si\ hours This 
was then centrifuged and the sediment discarded 
To the supernatant was added a saturated solution of 


006 NO m 48 CONTROL 


10,0001 


(n 
t- 

§ 

S 5,000 


> 

> 

U 
< 

O 

o ),000| 

oc 


1 0$ 


^ 

^ 

RI6HT FEMORAL 



ARTERY CLOT. 

SEMI- 



C0NSTRICTIN6 

LIGA- 



TORE 


o — 

— o 

CLOTTING INDEX 



1 

f 


i 


08 


X 06 
ki 

o 
z 

o04 

z 


302 


Tlm$ 


in hourt 


0 A 24 ss 

Fig 1 — Effect of sahtie on clotting inde\ and 
labeled clot in dog 
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CRUDE PROTEASE, 25mQ/Kg 
PRETREAT g BENADRYL 5 mg /Kg 


Fig 2 — Effect of crude protease, 25 mg /Kg , on 
clotting inde\, fibrinogen level, and D®' labeled clot 
m dog pretreated with Benadryl, 5 mg /Kg 


see NO m e, 
SS0D(» 


sooooj 

t- 

1 zsooo 

a 

2 JHOOO 

3 

o 

t&oool 

V ' 

P <0 000 


It 

206 



— 

RIGHT FEMORAL ARTERT CLOT. 
SEMI-CONSTRICTING LIGATURE 





nSRINOCEN m9% 



CLOTTING INDEX WITH 


+ 

FieRINOGEN ADDED 


\ 

\ 

'i 


/ 


Jt m -— -p 




‘v\ 














ri«t /* kMft 


jnetw S8m9./>Cfj 
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index, fibrinogen level, and I”'-)abe!ed clot in dog 


ammonium sulfate equal to '/, of the ongmal volume 
resulting m a final concentration of 25% (XH,).S 04 , 
which caused the precipitation of fibnnogen This 
was then centrifuged and the precipitate was dis- 
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Table I. 


Drug and Dose 

Time 

No of Clots 

^Clots Showing a Decrease m Radioa: 
0-25% 20-50% 51-75% 

;tivUy of -> 

70-lOOf'c 

Control 

Up to 4 hr. 

25 

100 0 

0 0 

0 0 

0 0 


Up to 24 hr 

26 

88 5 

7.7 

3 S 

0 0 


Up to 9G hr 

22 

63 5 

27 2 

9 2 . 

0 0 

Carbuwpeptidase, 

Up to 4 hr 

3 

66 7 

33 3 

0 0 

0 n 

21 7 mg /Kg 

Up to 24 hr 

3 

66 7 

33 3 

0.0 

0 0 


Up to 96 hr 

3 

0 0 

GO 7 

0 0 

33 3 

Papain, 35 mg /Kg 

Up to 4 hr 

6 

50 0 

50 0 

0 0 

0 0 

Ficin, 35 mg /Kg 

Up to 4 hr 

6 

83 3 

16 7 

0 0 

0 0 

Crude protease. 

Up to 24 hr 

3 

66 7 

33 3 

0 0 

0 0 

25-35 mg /Kg 

Up to 4 hr. 

6 

66 7 

33 3 

0 0 

0 0 


Table II 



/fi utro 
Proteolytic 
Actnitj 







Up to 4 hr 

Up to 2 1 hr 

Un to 9(» hr. 


Loomis 

No of 

Mean % 

No of Mean % 

No of 

Me in ^0 

Drug and in tno Dobe 

u /mg 

clots 

lysis 

clots lyMs 

Clota 

1> Sts 

Control saline 


25 

6 6 

26 13 9 

22 

25 3 

Carho\ypeptidase, 

21 7 mg /Kg single infusion 
Crude pancreatic protease. 

<0 01 

3 

15 8 

3 19 5 

3 

30 0 

single infusion 

25 mg /Kg 

53 0 

3 

23 0 




35 mg /Kg 


3 

27 3 




Papain, 35 ing /Kg , 

0 06 

6 

19 0 




single infusion, 

Ficin 35 mg /Kg , single infusion 

0 3 

6 

18 3 

3 19 2 
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Fip 4 — Hfleci nf carb jxypcptidasc*, 21 T mg /K) 
on clotiing index, fibrinogen le\M. and P’Mabel 
clot in dog 


-olvtd in lO ml of distilkd water and diilv/ed for 
twcnt\ -four iiours against 0 3 .1/ KCl ilution in the 
cold A 0 I .V iodine »Iuti >n was prepared in a 0 15 
.1/ »ta‘*'.mm ewlide ‘^)Iiition T<i this, IfJ me of I”* 

va'i rddc<i xlium I'Khde Tlie < dution was in- 


cubated at 37® to allow equilibration between the b 
and the ions. The latter solution w'as iisudb 
made up simultaneously with the former one. On 
the following day, 40 ml. of the fibrinogen solution 
was mixed in an ice bath with 40 ml borate InifTerof 
pH 8 58 (equal volumes of 0 5 M boric acid and 0 12.) 
M sodium tetraborate) and 100 ml 40% urea solu- 
tion To this mixture 20 ml of the prccoolcd iodine 
solution was added After thirty minutes, the re- 
maining free iodine w'as reduced with a 10% sodium 
thiosulfate solution Urea, iodide ions, and sodium 
thiosulfate w^ere then removed by overnight dialysis 
against double distilled water in the cold lodm- 
ated fibrinogen was then precipitated by 5 ml 
0 5 M acetate buffer (equal volumes of 0 5 4/ acetic 
acid and 0 5 jI/ sodium acetate) of pH 4 0 The pre- 
cipitate was rcdissolved in 10 ml of distilled w.itcr 
and adjusted to pH 7 5 w ith 0 1 N sodium liydfoxidc 
Fresh I ’^'-labeled fibrinogen was prepared for each 
experimental series 

In all animals, prothrombin times were determined 
periodically from oxalated plasma with the aid of 
Simplastin (5) Clotting index was calculated as 
the ratio of the value before infusion of the com- 
pounds under test and the experimental vahas 
This same determination was repeated after adding 
0 1 ml of a 2 5% fibrinogen solution to tlie test 
mixture This procedure was used to get an rndic.i- 
tion as to the role of decrease in filjnnogen level m 
changes ff the clotting index. Filirinogf n v.iltns 
were determined by the method of Shea (fb 

Blood pressure and HfCO’s were taken in all mu- 
mvils 

The following en/ynies were tested in tliis stud> • 
pancreatic protease, ficin, carb'‘xv peptid is-, and 
papain Crude b'opliili/cd pancre-atic protease was 
obtained from the Worthington L il>')ratorit "j 
Crystalline* ficin was supplied by tlie Mann Kts'-nrcli 
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PAPAIN, 35mg/Kg 
PRETREAT t BENADRYL SmgyKg 


F'g 5 — Effect of papain, 35 mg /Kg on clotting 
index, fibrinogen level, and I'’* labeled clot in dog 
prctreited with Benadrxl, 5 mg /Kg 


Laboratories Carboxj peptidase (triple crjstal 
lizcd) Has prepared according to the method of 
•\nson (7) b> the Worthington Laboratories 
Papain was obtained from Merck and Co \11 of 
these compounds uere tested for in ittro fibriiiohtic 
acliviti b\ the method of Loomis, George, and 
Rider (8) The results of these in iitro tests arc 
summarized in Table II The doses gnen to the 
animals iiere chosen to be the maxima! quantities 
I'liicli do not cause death iiithin at least four hours 
The tune of infusion was selected to be the shortest 
period iiliicli does not cause irrei crsiblc f ill m blood 
pressure 


IID' presents the data of the experiments iiitli pan 
crcatic protease and the corresponding control 
studies r igure 3 shoii s the results of an experiment 
Mitli fiem Again, there can be seen a sharp fall in 
clotting index and fibrinogen xalues, but no e\i 
dence is present of fibnnoh sis Table I\ D' contains 
the detailed data of the ficin experiments together 
uitli controls Figure 4 graphs the results of an ex 
permient uith carboxi peptidase No significant 
change is obsen ed in clotting index or fibrinogen 
level, nor is there more fibnnoh sis than in the con 
trol animals The detailed data are tabulated m 
Table VD' This same table contains results ob 
tamed with pipain A txpical papain experiment 
IS shown m Fig 5 -^gain, there is a precipitous 
fall m fibrinogen lex el and clotting index with and 
without fibrinogen but there is no ex idence for 
fibrmolxsis 

Table I groups all the abox e results according to 
the percentage of clots exhibiting the indicated per 
ceiitage lx sis xalues at xarious time mtcrxals 
Table II summarizes all experiments bx indicating 
the me 111 percentage lx sis at x aricus time mterx als 
obt lined w ith the compounds tested This table 
als I contims the results of iii iilro fibnnoh tic as 
sax s Item be seen that none of the enzx mes tested 
had iiix important III I no fibnnoh tic actix itx The 
slight increase oxer control xalues shows relation to 
the 111 ii/io actix itx 

Except f >r carboxx peptidas", all of the compounds 
tested pn duced fall m blood pressure This could 
not be prexented bx pretreatment with 5 mg /Kg 
Benadrxl The EKG changes were mosth m 
significant occasionalh T waxe rexersi in was s"en 
XX Ith protease 

DISCUSSION AND SUMMARY 

Four proteoh tic enzx mes, crude pancreatic 
protease, ficin, carbox) peptidase, and papain, 
haxe been tested for 1 1 mo fbnnohtic actix itx 
upon intraxenous administration in dogs A 
quantitalixe method was used for exaluation 
based on the production of clots xxith I”' labeled 
fibrinogen and continuous recording of radio 
actix itx oxer the thrombosed blood xcssel seg 
inent None of the enzx mes tested produced 
significant lx sis All except carboxx peptidase 
decreased clotting index and fibnnogen lex cl 
This often resulted in complete incoagulabilitx 
of the blood. 


RESULTS 


REFER ENCES 


Figure 1 shows the results of a control experiment 
It c III be seen that onh slight spcntaiieous fibrmoh 
SIS occurs in ninetj six hours Figure 2 slioxxs the 
results of an experiment in which 25 mg /Kg of p in 
ercatic protease has been administered There is a 
sharp fall of fibnnogen lex el and clotting index, cx en 
"1 the presence of added fibnnogen Mtliougli m 
"mix experiments the blood became nice igulablc, 
"o significant fibniiolx sis occurred Table ID’ nidi 
Cates the abbrex lations used m all tables T ibic 
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A Note on the Volatile Oil from the Fruits of hoviatium Grayi^ 

By FRANK A. PETTINATOt, LOUIS FISCHER, and NATHAN A. HALL 


[V^ANY SPECIES of the genus Lomalinm grow pro- 
lifically in some areas of the state of Washing- 
ton and have been the subject of only a limited num- 
ber of studies. A literature review revealed that 
Lomatium Grayi was one species which had not been 
previously investigated. As part of a study of this 
genus in an effort to find constituents of medicinal or 
economic value, a preliminary investigation of the 
volatile oil from the fruits of Lomatium Grayi Coult. 
and Rose was undertaken. 

The fruits of the plant were collected in June 1956 


Table I. — Physical and Chemical Properties 
OP L. Grayi Oil 


Specific gravity, 25°/25° 

0.8782 

Optical rotation, 25° 

-16.05 

Refractive index, 23° 

1 4848 

-Acid number 

0.83 

Ester number 

24 5 

Ester number (after acetylation) 

46 9 

Esters (as bornyl acetate) 

8.6% 

Alcohols (as borneol) 

13.4% 

Aldehydes and ketones 

(by hydroxylamine method, as- 
suming average M. W. of ISO) 

4 0% 


• Received December 24. 1958, from the College of Phar. 
maey, University of Washington, Seattle 5. 

Supported in part by the Fund for Medical and Biological 
Research of the state of Washington 

t Present address School of Pharmacy, Montana State 
University, Missoula 

The authors wish to thank Dr A E Kruckeberg, Dept, of 
Botany, University of Washington, Seattle, and Dr. Lincoln 
Constance. Dept of Botany, University of Californio, Berke- 
ley, for the botanical identification. 


near Klickitat, Washington, dried in air, and ground 
in a Wilej' mill through a l-mni. screen immediately 
before use. Two hundred-thirty milliliters of oil 
was steam distilled from 7.1 Kg. of the ground fruit 
for a yield of 3% on an air-dried basis. The pale 
yellow oil was dried over anhydrous sodium sultale 
and the physical constants and the results of the 
chemical analysis shown in Table I were obtained. 


Table II. — Physical Properties of L. Grayi 
Oil Fractions 


Fraction 

Boiling 

Range, 

®C. 

Dis- 

tillate, 

% 

(«)n° 

dzt 

la I'd 

1 

To 46 

1 

1.4659 


-19.30 

2 

46-53 

1 

1.4742 


-10. GO 

3 

53-55 

2 

1.4822 

0.848 

- 7.00 

4 

55-57 

24 

1.4822 

0 852 

- 4.90 

5 

57-58 

24 

1.4820 

0.849 

- 4.00 

6 

58 

16 

1.4805 

0.848 

- 3.10 

7 

58-60 

11 

1.4782 

0.848 

- 1.80 

8 

60-75 

1 

1.4772 


- 2.80 

Residue 
and loss 


20 





Seventy-five milliliters of the oil was fractionally 
distilled from a Todd Fractionation Assembly, 
Model A equipped with a 0.5 x 90 em. column (with 
monel spiral) at 10 mm. pressure and a 10:1 reflux 
ratio. The fractions and their physical characteris- 
tics are shown in Table II. 

The further characterization and identification nl 
the constituents of the oil are in progress. 


Communication to the Editor 


Gastric Antacids 


Sir: 

Subsequent to the publication of the article, 
"The -Antisecretory and Antipeptic -Actix’ity of 
Gastric Antacids in the Histamine-Stimulated 
Rabbit” by Packman, cl a!. [This Journal, 48, 
4t)(lt).59)], we noticed several errors which should 
be corrected. They are as follows: 

VPN Index = 

r Reduction Animals 

'* Rrthsction 1 . ^ m protco- maintained I 

in K3‘tric X I lytic in pH ramce I 

'tCTctirn 1 actnity .V.> 5 J 

And power 


Immediately following the VPN indexes shoiiW 
be: DASC, 8.9; calcium carbonate, -1.0; so- 
dium bicarbonate, 4.1; and aluminum hydrox- 
ide, 0.1. 

We regret that these errors were not corrected 
in galley proof. We wish to assure you that these 
errors resulted from our oversight and not yours 
or that of the proofreader. 

E. W. PACK.MAN, 
D. D. Abbott, 
li. TraiiiN, 
and J. W. E. IIarrlsson 
La Wall and Harrisson Research Laboratories, 
Philadelphia, Pa. 

Received 2H, I'fVf 
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Sabadilla Alkaloids VII* 


Sabatine and Its Alkamine Sabine 


By HYMAN MITCHNER and LLOYD M. PARKSf 


A corrected molecular formula is proposed 
for the raonoacetate alkaloid sabatine, 
QsH^^oOsN, and its alkamine sabine, 
CnH4i_„OjN. It has been shown that sabine 
neither isomerizes nor possesses the masked 
a-ketol system present in other highly oxygen- 
ated alkamines isolated from Sabadilla or 
from other Veratrum species. 


M’he alkaloid sabatine was isolated in 1951 
by Hennig, Higuchi, and Parks (1) as a con- 
stituent of Schoenocanlen officinale, more com- 
monly called Sabadilla. Sabatine was reported 
lo be a monoacetate ester of the alkamine sabine 
and was obtained with chloroform of crystalliza- 
tion present. Sabine was obtained in the crystal- 
line form as a sulfate salt. Because of the nature 
of the crystalline materials it was not possible to 
report unequivocal analytical data and this com- 
plicated the determination of empirical formulas 
and further characterization of the two sub- 
stances. Molecular formulas approximating 
CsiHsjOaN for sabatine and C-sHnO? for sabine 
were postulated. 

In the present study of sabatine and sabine 
crystallized from solvents other than those used 
previously, new data have indicated that sabine is 
probably a Cir alkamine (Ci 7 H 45 - 470 rN). The 
C 57 carbon skeleton appears to be common to the 
nlkainines isolated from Veratrum species (2). 
All of the other alkaloids previously isolated from 
Sabadilla, veratridinc, ccvadinc, cevacine, and 


* Rwdvcil January 17. Ifl.W. from the Deparlmcnt of ' 
University of Wbeonsi^ 

’’'“■.r r’y ll'o Research Committee of the Uni- 
UnVre'SIJ^IcXXV Pharmacy, Ohio State 


vanilloylveracevine were esters of the alkamine 
veracevine, CstHtsOgN. Veracevine in common 
with the other highly hydroxylated alkamines: 
germine, protoverine, and zygadenine possesses a 
masked a-ketol system capable of undergoing iso- 
merization (2, 3). However, hydrolysis experi- 
ments and countercurrent distributions indicate 
that sabine is unique in the highly oxygenated alk- 
amines in that it appears to be a stable alkamine, 
incapable of undergoing isomerization and there- 
fore probably lacking a masked a-ketol system. 


EXPERIMENTAL 


Sabatine from Acetone-Water.— A 1-Gm. sample 
of sabatine, crystallized from chloroform, was dis- 
solved in a small volume of acetone. Water was 
added until the solution became cloudy. Upon 
warming and adding a few drops of acetone the solu- 
tion cleared, and after being allowed to stand over- 
night 700 mg. of crystalline sabatine was obtained 
winch did not give a chlorine test upon fusion with 
sodium. The sabatine was dried at 100° under 
vacuum for sixteen hours, m. p. 256-258°. 


C 

H 


Calcd. 

63,71 

8.85 




Calcd. 

63.48 

9.19 


Found 
63.45. 63.8 
9.19, 9.0( 


Sabatine from Ethyl Acetate.-Five hundre, 
milligrams of sabatine. crj^stallized from acetone 

The iT « 50 ml. of ethyl acetati 

The solution was evaporated to 10 ml. and place 

tain of cry: 

talhne sabatine -was obtained, m. p. 256-258°. 


C^sHiiOsN 

Calcd. 

C 64.78 

H S.82 


C29H4^08N 

Calcd. Found 

64.52 04.42,64.79 

9.15 8.75, S.SAx- 
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Volatile Acid Determination on Sabatine. — 
This was carried out on 30-mg. samples of the pure 
alkaloid by the procedure of Niedrl and Niedrl (4), 
and in two determinations it showed 0.96 and 0.98 
moles of a volatile acid. As a check upon the com- 
plete hydrolysis of the alkaloid, the procedure of 
Nash and Brooker (5) was also used and showed 
only 1 mole of a volatile acid. 

Investigation of the Acids of Sabatine. — A sample 
of sabatine (27.8 mg.) was hydrol 3 'zed with 1 ml. of 
/>-toluenesulfonic acid as in the volatile acid deter- 
mination. The hj'droh’sate was washed into a 
50-ral. beaker with 1 ml. of water, thoroughly tri- 
turated with 2 Gm. of silicic acid, and slurried with 
chloroform. The slurrt’ was added to the top of a 
premousl}’ prepared partition column (internal 
phase 20 ml. of water plus 20 Gm. of silicic acid; 
chloroform as the external phase). The column 
was developed using a series of solvents increasing 
in polaritj’ as suggested bj’ Mart'el and Rands (6). 
Fractions of 8 ml. were collected and, after the addi- 
tion of 1 ml. of water and a drop of «i-cresol purple 
indicator, titrated with 0.00976 lY sodium hj’drox'ide. 
Fraction 21-32 showed an acid content correspond- 
ing to 0.93 motes of acid. No other acidic material 
was found in the 72 fractions collected. 

The acidic fractions, 21-32, were combined and 
the chloroform and aqueous phases were separated. 
The chloroform was washed with 5 ml. of 0.01 N 
sodium hydroxide and the washings added to the 
combined aqueous phases. /)-Toluenesulfonic acid 
was added to the aqueous solution until it became 
acid to litmus. The solution was then distilled and 
the first 30 ml. of the distillate was collected. A 
micro Duclaux determination was performed on the 
distillate. Four-milliliter fractions were collected 
and titrated with 0.00976 N sodium hydroxide. 


The Duclaux values obtained were 6.4S, 7.07, 7.37, 
corresponding to acetic acid. 

Hydrolysis of Sabatine and the Isolation of Sabine 


Hydrolysis with Sodium Ethoxide. — To a solution 
of 200 mg. of sodium in 30 ml. of absolute ethanol 
200 mg. of sabatine was added. The solution was 
heated under reflux for four hours. After cooling, 
the hydrolj-sis mixture was adjusted to a pH of C..i 
with tenth normal hydrochloric acid and the ethanol 
distilled in vacuo. The concentrate was made 
strongl}' alkaline with 5 N potassium hydroxide and 
extracted with three 25-ml. portions of chloroform. 
The chloroform was dried over anhj’drous sodium 
and evaporated to drj-ness in vacuo on a steam bath. 
The residue was taken up in 30 ml. of hot ether, 
filtered, and evaporated to about 5 ml. On stand- 
ing, 135 mg. of large cubic crystals formed which 
were contaminated with a brown color. The erj-.s- 
talline material was diflicultl}' soluble in ether, and 
for recrj’stallization it was necessarj’ to dissolve 
it in a small volume of chloroform and evaporate 
under reduced pressure to dryness on a steam bath 
before dissolving the material in hot ether. The 
crj'stals frothed at 105-110“ and melted at 173-170°. 
The infrared spectrum indicated that an ester band 
was not present (Fig. 1). The molecular weight 
studies (Table II) indicated that solvent of crys- 
tallization must have been incorporated. 


C2,H450,N- 

C4H.cO 

Calcd. 

C 65.49 

H 9.77 


CstHjtOjN - 
C4H,oO 

Calcd, Found 

65.11 65.09,05.11 

10.04 9.02, 9.81 


Upon drying at 117“ under reduced pressure, the 
Sabine from ether lost its shiny appearance. The 
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infrared spectrum of this material tvas almost idM- 
tical with the sabine from ether that was dried 
at 100”. However the sabine dried at this higher 
temperature no longer foamed at 105-110°, but still 
melted at 173-176°. The molecular weight (Table 
II) ivas considerably lower after drjdng at 117°. 


C27H45O7N 

Calcd. 

C 65.42 

H 9.16 


CKH47O7N 

Calcd. Found 

65.16 65.09.65.24 

9.52 8,85, 9.10 


Mild Alkaline Hydrolysis. — An STO-mg. sample 
of sabatine was dissolved in 25 ml. of methyl alcobo. 
and 5 ml. oi 1 N sodium hydroxide. The solution 
was refrigerated at 0° for twenty-four hours and 
then distilled under reduced pressure to about 5 ml. 
The concentrate was extracted with ten 5-ml. por- 
tions of chloroform. After combining the chloro- 
form extracts, the chloroform was washed with 5 ml. 
of water, dried over anhydrous sodium sulfate, and 
evaporated under reduced pressure to drjmess on a 
steam bath. The residue was taken up in 40 ml. of 
hot ether and filtered. On cooling, 577 mg. of crys- 
talline material was obtained which was identical in 
all respects to the sabine isolated from the sodium 
ethoxide hydrolysis. 

Methanolysis of Sabatine. — A 300-mg. sample of 
sabatine was treated in a similar manner to the 
procedure used for the methanolysis of cevacine (7). 
The sabatine was dissolved in 10 ml. of methanol 
and 5 ml. of water, and allowed to stand at room 
temperature for twenty hours. The methyl alcohol 
and water were distilled in I’acuo. The residue was 
dissolved in 40 ml, of chloroform which was boiled 
to do’ness to remove any traces of water. All at- 
tempts to crystallize the white residue were un- 
successful. The infrared spectrum of the material 
showed the presence of an ester band but other 
peaks were not distinct. 


Countercurrent Investigation of Sabatine Hyd- 
rolysis Mixtures 

From Sodium Ethoxide Hydrolysis. — The reac- 
tion mixture analyzed was the ether mother liquor 
remaining after removal of the crystalline sabine in 
the sodium ethoxide hydrolysis as described above. 
The ethereal solution was evaporated to diyness and 
the residue was dissolved in 10 ml. of chloroform. 
This chloroform solution was distributed for 65 
transfers in a Craig' countercurrent apparatus. 
The lower phase was chloroform and the upper phase 
was 0.5 jli, pH 8.1 phosphate bufler, with 10 ml. 
of (Xich phase per tube. The alkaloid was analyzed 
by a nonaqueous titration procedure (8), Figure 2 
shows the separation obtained. The tubes contain- 
ing the peaks were collected and combined in two 
fractious. The aqueous phases were made very 
strongly alkaline with 5 N potassium hydroxide and 
thoroughly shaken. The chloroform phases were 
then withdrawn, dried over anhydrous sodium sul- 
fate, and evaporated to dryness under reduced pres- 
sure. The amount of alkaloidal material from each 
peak wa?, hv^uRlclewt for erystwWvzatlon but tbcli 
infrared spectra were identical to sabatine and sabine 
for tlie first and second peaks, respectively. 


A second sodium ethoxide hydrolysis was carried 
out on 200 mg. of sabatine. However, after ex- 
tracting the total alkaloidal components in chloro- 
form, the chloroform solution was evaporated to 10 
ml. and distributed for 57 transfers in the Craig 
countercurrent apparatus. Chloroform was again 
used as the lower phase and 0.5 M, pH 8.15 phos- 
phate buffer was used as the upper phase. Tubes 
39-57 were combmed aud 25 ml. of 5 iV potassium 
hydroxide was added. After shaking and removing 
the chloroform, the aqueous layer was washed with 
a 200-ml. portion of chloroform. The combined 
chloroform solutions were dried over anhydrous so- 
dium sulfate and evaporated to dryness under re- 
duced pressure. The residue was dissolved in 40 
ml. of hot ether and evaporated to about 10 ml. On 
standing, large cubic crj’stals formed which were 
identical to sabine in all respects. Sabatine was 
present in the first peak but only in a very small 
amount. 

From Methanolysis.— A 200-mg. sample of the 
methanolysis reaction mixture isolated as described 
above was dissolved in 10 ml. of chloroform and dis- 
tributed in a Craig countercurrent apparatus for 
100 transfers. Chloroform was used as the lower 
phase and 0.5 M, pH 8.1 phosphate buffer as the 
upper phase. The distribution obtained is shown 
in Fig. 3. Tubes 0-30 and 70-100 were combined 
in two separate fractions. To each fraction 50 ml. of 
5 N potassium hydroxide was added and the phases 
shaken. The chloroform phases were removed and 
the aqueous phases were each shaken with two 100- 
ml. portions of chloroform. The chloroform wash- 
ings were combined with their respective original 
chloroform extracts, dried over anhydrous sodium 
sulfate, and evaporated to dryness under reduced 
pressure. The alkaloidal material from tubes 70-100 
was taken up in hot ether, filtered, and evaporated 
to about 6 ml. On standing, cubic crystals were ob- 
tained for which analytical data agreed in all respects 
with sabine. The alkaloidal material from tubes 
0-30 was taken up in a verj' small volume of chloro- 
form and seeded with sabatine previously isolated 
from chloroform solution. On standing, needle 
crystals were obtained which were identical in all 
respects to sabatine. 

Reaction of Sabine, Sabatine, Cevadine, Ceva- 
cine, Veracevine and Its Isomers With Triphenyl- 
tetrazolium Chloride. — Five milligrams each of 
sabatine, sabine, veracevine, cevagenine, cevinc, 
cevacine, and cevadine was placed in separate test 
tubes, and to each was added 1 ml. of a 1% aqueous 
triphcuyltetrazolium chloride solution and 1 ml. of 
0.1 iV sodium hydroxide. A control was prepared 
with the two solvents alone. The solutions were 
allowed to stand at room temperature and were ob- 
served at various time intervals to note any color 
changes. After seventy-two hours the solutions 
of cevinc, sabatine, sabine, and the control were 
scaled in ampuls and heated at 100°, again noting 
any color changes. The results are expressed in 
Table I. 

Periodic Acid Titration of Sabatine and Sabine.*— 
Samples of sabatine (19.0 mg.) and sabine (20.8 mg.) 
were dissolved in a solution of 10 ml. of 0.05 
periodic acid and 5 ml. of 5% acetic acid, and then 


' The CmiK nvanratus uscil Wns a 200 pla(c. n>t>ol driven 
inuriimenl. manuliicii.rcd by H. O. Pnst, Scienlific In.Uru- 
ment Co,, Ma-incth. N. Y. 


’This titration was kindly performed by 0r. M. N'ceman 
of the Chemistry Department, University of Wiscon.sin. 
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Table I — Reaction of Triphenyltetrazolium Chloride with Cevadine, Cevacine, \’eracevinf 

Cevagenine, Ce\hne, Sabatine, and Sabine 


Reaction at 23 ° 



5 min 

.'iO mm 

2 5 hr 

fi hr. 

12 hr 

24 hr. 

-IS hr. 

72 hr. 

Cevadine 



-b 

4* 

+ 

+ + 

+ + -b 

+ -b + 

Cevacine 


+ 

j- -f 

■[■■I" 

+ + -b 

-b-b + 

+ + -b 

+ + + 

\'eracevine 

+ 

+ -f- 

-b-b-b 

-b-f-b 

-b-b-b 

-b + + 

+ + + 

4-++ 

Cevagenme 

-f ++ 


-b-b-b 

-b-b-b 

+ + -b 

-b-b + 

+ -b-b 

-b-b+ 

Cevine 




-b 

-b 

-b 

-b 

-b 


Sabatine 

Sabine 

Control 


Reaction at 100° (A Continuation of the Above Reaction But in Sealed Ampuls) 



30 mtn 

6 hr 

12 hr 

21 hr 

48 hr 

72 hr. 

Cevine 

+ + "h 

+ 4- -f- 

+ + 4- 

+ -b-b 

"b + J- 

•b’b-b 

Sabatine 




Yellow 

Yellow 

Yellow- 

Sabine 




Yellow- 

Yellow 

Yellow 

Control 




Yellow 

Yellow 

Yellow- 


+ Very faint pink color + + Definite pink color + + + Red color 



Fig 2 — Countercurrent distribution of the alka- 
loidal constituents in the mother liquor from the 
sodium ethoxide hydrolysis of sabatine after the re- 
moval of crystalline sabine — chloroform vs. pH 8 1 
phosphate buffer. 



Fig 3 — Countercurrent distribution of the prod- 
ucts from the rnethanolysis of sabatine— chloro- 
form vs pH S 1 phosphate buffer. 

diluted to 25 ml. At time intervals of one hour 
and fifteen minutc.s. two hours and thirty minutes, 
and t«enty-si\ hours, .5-ml aliquots of the reaction 
mixture acre withdrawn, treated with .j ml. of 0 OG 
.V sodium arsenite, 5 ml of a saturated aqueous 
solution of sixlium bicarlxmate. and titrated with 
0 02 .V irxline solution. The periodic acid con- 
sumeil In the sabine corresponded to 1 0 moles, tlie 
acid consumed by the sabatine to 0!) moles at all 
time intervals 

Equivalent Weight Titrations of Alkamines and 
Alkaloids. — Simples of alkaloidal substances of 


from 4 to 10 mg were dissolved in 4 ml. of reagent 
grade chloroform. To this solution, three drops of 
thymol blue indicator (0 1% solution in butyl alco- 
hol) were added and the solution titrated witli 
0.01122 N perchloric acid in dioxanc to the perma- 
nent appearance of a pink color, the color changing 
from yellow to pink. The perchloric acid was 
standardized by a similar titration in chloroform 
against reagent diphenylguanadine. The results 
arc summarized in Table II 


DISCUSSION 

The chloroform of crystallization in sabatine erj’s- 
tallized from chloroform can be removed by recrys- 
tallization from acetone-water. However, ele- 
mental analyses and molecular weight determina- 
tions indicated that, even after drying at 100° the 
sabatine from acetone-water contained water of 
crystallization. Upon recrystallization from ethyl 
acetate the water was removed and solvent-free 
sabatine which melted at 250-258° was obtained, and 
for which the formula C;i)H 47 - 490 gN was in agree- 
ment svith elemental analyses and molecular weight 
determinations A volatile acid determination on 
sabatine and chromatography of the hydrolytic 
products indicated that sabatine was indeed a mono 
acetate ester as it had already been suggested (!)■ 

Hydrolysis of sabatine with hot sodium ethoxidc 
or with cold methanol and sodium hydroxide 
yielded an alkamine fraction whicli could he crys- 
tallized from ethyl ether to give a material which 
frothed at 105-110° and melted at 173-170°. Tlie 
infrared spectrum of this material showed no trace 
of an ester band (Fig. 1 ). In almost all respects it 
appeared to be identical to the alkamine sabine th.it 
Hcmiig, Iligiichi, and Parks had obtained previ- 
ously in an amorphous form from ether (1). The 
molecular weight of the sabine crystallized from 
ether svas greater than the molecular weight of the 
parent ester sabatine (Table II) It appeared 
that the alkamine had taken on solvent of crystalli- 
zation If the sabine was dried under reduced pres- 
sure at a temperature of 117°, the alkamine lost its 
shiny appearance and gave a material which did riot 
froth at 105 110° but did melt at 173-170°. The 
infrared spectrum for the sabine before dr} ing at 
117° was almost identic.d to the infr.ired spectrum 





June 1959 


Scientific Edition 


307 


Table II — Equivalent Weight Titrations of Alkamines and Alkaloids 


Matenal 

Veracevine 

Cevine 

Gerraine 

Sabatine (from ethyl acetate) 
Sabine (from ether) 

Sabine (after drying at 117°) 



Wt of Sample, 

Equivalent Wt 

Formula 

mg 

Calcd 

Found 

CruHnOsN 

6 05,4 94 

510 

515, 516 

CnHrjOsN 

7 92,9 07 

510 

509, 517 

C:,H„0,N 

5 11,6 96 

510 

508,506 

C;9H„-,90aN.VjH,0 

6 34, 7 86 

638-540 

533, 536 

47 O 7 N * C 4 H 10 O 

8 00, 5 40 

570-572 

658, 562 

C27H45-470tI^ 

6 41,6 10 

496-498 

496, 500 


after drying. The molecular weight of the sabine 
after drying corresponded to that which would have 
been expected for sabine based on the loss of an 
acetate group from the proposed sabatine formula 
(Table II) The elemental analyses and molecular 
weight determinations were in good agreement for 
the formula 

It has been shown that many of the alkamines 
such as germine, veracevine, protoverine, and 
zygadenine (2, 3) undergo an alkali induced isom- 
erization There existed the possibility that sabine, 
with a very simitar molecular formula to the above 
alkamines. might undergo similar isomerization. 
Following the cr3’Stallization of sabine from the 
sodium ethoxide hj’drolysis of sabatine, the alka- 
loidal content of the mother liquor was recovered 
and investigated with a 65-transfer countercurrent 
distribution as shown in Fig. 2. Only two peaks 
were obtained and these corresponded to unhy- 
drolyzed sabatine and to sabine. Methanolj'sis of 
sabatine gave a mixture that could be resolved bj' 
countercurrent distribution only into two peaks 
from which sabatine and sabine could be isolated 
(Fig. 3) No indication of any isomeric alkamines 
was obtained under cither the strong or the mild 
hydrolytic conditions 

AuterhofE and Kraft (9) have shown that the 
masked hemiketol systems which occur in veracexdne 
and germine can be reduced with triphenyltetrazo- 
lium chloride to produce a red reaction product. 
Under conditions such that ccvadine, the angelic acid 
ester of veracevine, and the isomeric alkamines, vera- 
cevine, cevagenine, and cevine, all reacted with the 
triplienidtetrazolium chloride, sabatine and sabine 
failed to reduce the reagent This failure and the 
presence of only a single hydrolysis product under 
both strong and mild hydrolytic conditions suggested 
not only that sabine is the parent and only alkamine 
of the ester sabatine but also that the masked hemi- 
kctol system found with veracevine and germine (3) 
is absent in sabine. 

Periodic acid titration of sabine showed a take-up 
corresponding to 2 moles of the acid, whereas saba- 
tinc consumed only 1 mole. The acetate group in 
sabatine could be assumed to be blocking one of the 
adjacent hj'droxyl pairs 

The tendency of sabatine and sabine to pick up 
solvent of crystallization placed a great amount of 
stress on the analytical data that could be obtained 
and particularly on molecular weight determinations 
With the small samples of alkaloidal material used 


in molecular weight studies, nonaqueous potentio- 
metric titrations did not give consistent results 
However, a nonaqueous titration procedure similar 
to the one used in the analysis of countercurrent 
distributions (8) was found to give results with 
less than a 2% error. This was checked with pure 
alkamine samples of known constitution All 
molecular weight determinations have been sum- 
marized in Table II. 

SUMMARY AND CONCLUSIONS 

1. It has been confirmed that sabatine, an es- 
ter alkaloid isolated from Sabadilla, is a monoace- 
tate ester New analytical data on the crystal- 
line alkaloid suggested corrected molecular form- 
ulas of CjsHjr-isOgN for sabatine and C27H45- 
47O7N for the alkamine sabine. 

2. Under both mild and strong hydrolytic 
conditions, sabatine yielded only the one alka- 
mine, sabine Both sabatine and sabine failed to 
reduce triphenyltetrazolium chloride reagent. 
The failure of the alkamine to isomerize or to re- 
duce the TTC reagent indicated the absence of a 
masked o-ketol structure that has been found in 
the other highly oxygenated alkamines isolated 
from Sabadilla and other Veratnim species. 

3. There exists two adjacent hydroxyl pairs in 
sabine that are susceptible to periodate oxidation 
and only one pair in sabatine, indicating that the 
acetate ester group is blocking one of these hy- 
droxyl pairs. 
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A Radiometric Method for Determination of 
Absorption of Ammoniated Mercury from Ointments^ 


By DONALD L. SORBY and ELMER M. PLEIN 

Ammoniated mercury-Hg^'*’ was prepared from mercuric chloride-Hg-'”. The 
labeled ammoniated mercury was incorporated into ointment bases and used to de- 
termine absorption of ammoniated mercury through intact and abraded skin of rats. 
Twenty-four hours after application of the ointment, both kidneys were removed and 
assayed for mercury content by beta and gamma radiometric procedures. The two 
radiometric methods were found to give comparable results. 


^ I 'he AN.\LyTic.-\L DETERMINATION of a niedici- 
nal substance in tissues of laboratory ani- 
mals following absorption from an ointment base 
is often difficult due to the small amounts of me- 
dicinal substance encountered and to the presence 
of interfering biological material 

Radioisotopes have been used by several in- 
vestigators to stud}’ drug absorption through the 
skin The following are representative works of 
this type of study Cyr, et al (1), Skauen, el al 
(2), and Plein and Plein (3) used sodium radio- 
iodide-I”’ to determine absorption of sodium 
iodide from various ointment bases Neesby, et 
al (4), used sulfur-S“ to determine absorption 
from polythionate solutions applied to the skin of 
laboratory animals. W’ernsdorfer (5) deter- 
mined the amount of absorption of mercuric chlo- 
ride-Hg“’ through intact skin of guinea pigs 
In many methods, gamma-emitting isotopes 
have been used in determining the amount of 
medicinal substance in tissue Often it is desired 
to study an isotope which emits beta radiation 
only Self-absorption of beta particles by the tis- 
sue thus becomes a problem which is not experi- 
enced in counting gamma radiation Digestion 
of tissue samples is then necessar}', but is often 
tedious and time-consuming 

In this experiment it was desired to introduce a 
simple and rapid method for determining the 
amount of beta-emitting substance in tissue 
Mercury-Hg™^ was selected for two reasons 
Because it emits both beta and gamma radiation, 
results obtained by beta methods could be con- 
veniently verified by gamma counting of samples 
Work of other investigators (0-1(1) has shown 
that the usual colorimetric procedures for deter- 
mining mercury' in tissue are difficult and not of 
the desired selectivity (3) in the concentration 

• Krcei\ed Jtilv K*. from the Unuersity of Wa^hinp 

ton Collcjre of Pharmacy. Seattle 

Pre-<.ente<l to the Scientific Section A Pir A hos AhrcIcs 
rrreiinc April 

Ab'tractei! from a the^iN ^ubmiltetl tr> the Graduate Schrxil 
of the L’nnrr^it\ of \Va^bjn;:ton bv Donald L .S<^rb> in par 
tial fulfillment of the re<iuirements for the de^’ree of Master of 
Soence 

Recipient of the Lunsford Richard«ion Pharmaca AwanI 
‘ The term mercurj U‘.ed to <Jc<cribe all chemical 
co*~btnatior< of mercurj in tissues All calculation^ were 
bated op the t,uaatitj of atomic mercury rather than it^ salts 


ranges encountered. It was expected that tlic 
radiometric method would be more favorable 
than usual methods for studying absorption of 
mercurials and would give more nearly correct 
results 

EXPERIMENTAL 

The method of Leblond, et al. (11), for the assay 
of beta-emitting isotopes in tissues was adapted for 
determination of the percutaneous absorption of 
mcrcury-Hg“’ from ointments. 

Preparation of Labeled Ammoniated Mercury.— 
Mercurj'-Hg™’ was obtained as a solution of mer- 
curic chloride containing in each ml. 17 5 mg. of 
mercuric chloride and 1 5 me of radioactivity. For 
preparation of ammoniated mercury-Hg*”, 1.5875 
Gm mercuric chloride (reagent grade) was dissolved 
in 25 ml of warm water and cooled. Mercuric 
chloride-Hg”” solution (G.8 ml ) was added and the 
resulting solution poured, with stirring, into 5 2 ml 
of cold 10% ammonium hydro.xide The precipi- 
tate was filtered from solution, washed with 40 ml 
of 0 6% ammonium hydro.vide solution, and dried 
in a desiccator. The isotope yield was nearly 100 
Preparation of Standard Solution of Ammoniated 
Mercury-Hg’"’. — A solution was prepared by dis- 
solving 49 5 mg of ammoniated mcrcury-Hg’” 
in 1 5 ml of concentrated hydrochloric acid and add- 
ing distilled water to make a volume of 10 ml One 
ml of the solution made to a volume of 100 ml. "ilb 
distilled water produced a dilution which contained 
39 4 |ig mercury per ml This diluted solution ".is 
used as the standard for all mercury determinations 
Preparation of Ointments and Application to 
Laboratory Animals. — Three ointments were pre- 
pared for application to laboratory animals End' 
ointment contained ammoniated mcrcury-Hg’^ 
(5%) and liquid petrolatum (3%) Tlie base for 
ointment .\ uas uhite ointment, U. S P. X\ I 
ointment B, hydrophilic petrolatum, U. S I’. R' ( 
and for ointment C, the base contained stcaryl alco- 
hol (3%), uhite wax (8%), wool fat (ir//,,), and 
white petrolatum (74%) Ointments were also pre- 
pared for use on control animals For these oint- 
ments an equivalent .amount of ointment h.ise «as 
substituted for the ammoniated mcrcury-lfg®’ 
Tliese ointments ucreapplicd to r.its follouirig the 
pniccdure of Plein and Plein (.3) Tuenly-lotir 
hours after applic.ition of the ointment the kidneys 
«e-re removed for determination of mercury content 
.\ccording to Laug, rl al. (7), mercury acciirmi- 
latcs predominantly in the kidneys folbming per- 
cut.ancoiis absorption It eras recommended that 
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the quantity of mercury appearing in the kidneys 
twenty-four hours after application of the ointments 
be used as an index of the relative amounts of absorp- 
tion from different ointments. 

Preliminary Preparation of Samples for Counting. 
— The kidneys from each rat were ground together 
to a fine state of suspension using an A. H. Thomas 
teflon pestle tissue grinder. The suspensions were 
made to a 10-ral. volume with distilled water and 
refrigerated until used for assay. The suspensions 
produced in this manner were fine enough to flow 
from a serological pipet. 

Determination of Mercury Content of Samples 
from Gamma Activity. — The kidney samples were 
prepared for gamma counting by pipetting 1 ml. of 
tissue suspension into a 1-dram screw-cap vial. The 
activity of the samples was counted with a well tj'pe 
scintillaticn counter. The mercury content of the 
sample was determined by comparing its activity 
with the activity of a known quantity of standard 
ammoniated mercury-Hg®® solution. 

Determination of Mercury Content of Samples 
from Beta Activity.— One ml. of the kidney tissue 
suspension was pipetted into each of two fired 
stainless steel cup type, Tracer Lab E-20 1 inch by 
®/i6 inch, planchets. One-tenth milliliter of standard 
ammoniated mercury-Hg“’ solution was added to 
one planchet and 0.2 ml. of 1% sodium sulfide 
(Na:S-9HsO) solution was added to both planchets. 
The preparations were mixed by blowing air through 
a pipet onto the surface and were set aside to dry. 
To determine the activity of a known amount of 
mercury-Hg“”, 0.1 ml. of standard ammoniated 
inercury-Hg“’ solution was pipetted into each of 
three fired planchets and 0.2 ml. of the 1% sodium 
sulfide solution was added to each planchet. When 
all samples appeared dry, they were dried for an 
additional twelve to twenty-four hours in a desicca- 
tor. The activity of the samples was then deter- 
mined, ’ corrected for self absorbance and back- 
ground, and compared with the activity of the stand- 
ard solution. Following is a sample calculation of 
the mercury content of a kidney tissue suspension. 


Suspension J- added stand- 
ard (standard = 1,500 
c. p. m.) = 3,000c. p.m.^ 

Suspension = 2,000 c. p. m. 

Activity of added standard 

in the sample = 1,000 c. p. m. 

Activity of suspension corrected for self absorb- 
ance: (1,000/1,500) = (2,000/A'); X = 

3,000 c. p. m. 

Amount of inercurv in the total sample; 3.91 X 
(3,000/1,500) X' 10 = 78.8 /ig. 


’ The Katnma activity of the samptes was counted at 1,150 

V in a Tracer Lab I'-20 scintillation detector with a Lin. 
Mal(Tl) crj'stal connected to a Tracer Lab Autoscaler. 

The authors wish to thank the Anatomy Department of 
the University of WashinKlon for of scintillation counting 
equipment 

In this research a\\ samples were counted for a sufficient 
number of counts to have probable error in counting of 2^ 
or Jess \VIicne\cr necessary, corrections were made for de- 
cay loss Duplicate determinations were carried out on all 
samples The determination was repeated if there was non- 
acreemenl between duplicates of the same sample 

* The beta acti\ itv of tbe samples was determined at 1 ,400 

V with a Tracer Lab TGC-2 end window (1 (V mg./cm *) 
Gciccr-Mflllcr cinintcr connected to a Tracer Lab SC-ol 
scaler equipped w ith n Tracer Lab SC-42 preset timer. 

* Counts per minute referred to as c p ra. 


Absorption Studies on Rats with Ammoniated 
Mercury-Hg^’’^ — White, female Sprague-Dawley 
rats weighing from 180.5 to 220 Gm. were treated as 
described above. Ointments A, B, and C were used 
for intact skin studies and an abraded skin study 
was also carried out using ointment A. Each medi- 
cated ointment was applied to a group of six rats 
and in each series a control ointment was applied to 
a seventh rat. 

The mercury content of the kidneys from each 
rat was determined by gamma counting and by beta 
counting. The results of these studies are summar- 
ized in Table I. 


Table I. — Results of Absorption Studies on 
Rats with Ammoniated Mercury-Hg™’ 


Mean Absorption in ns 

Beta Gamma 

Determination Determination 


Ointment 
A (Intact skin) 

A (Abraded skin) 

B 

C 


8.6 ±2 0 ' 
39 0 ± 12 0 
9.2 ± 2.9 
10.5 ±19 


8 7 ± 2 1 
41 3 ± 12.4 

9 4 ± 3.1 
10 8 ± 2 3 


“ standard deviation of the mean of six kidney samples 
was calculated by the formula 5 = \/Cl/» — 1)2(1* 


DISCUSSION 

Beta counting of tissue samples was complicated 
by the volatility of mercurial compounds. Addition 
of 0.2 ml. of 1% sodium sulfide (NasS-OHsO) solu- 
tion to the planchets was found to be the most satis- 
factory method for reducing the volatility. 

An attempt was made to determine the amount of 
penetration of mercury into the skin from the area 
of application of the ointment. The procedure used 
for the beta determination of mercury in the kidney 
samples was found to be unsatisfactory for use with 
the skin samples. It was thought that nonuniform 
sampling caused failure in agreement of the gamma 
and beta determinations of the skin samples. This 
nonagreement was probably due to inability to re- 
duce the skin to a fine suspension using the teflon 
pestle tissue grinder. Heating the skin samples 
with a few drops of 90% hydrogen peroxide produced 
more uniform suspensions. After destroying the 
excess peroxide with 3% potassium permanganate, 
the radiometric assay was carried out and gave more 
favorable results. It is probably necessary to ad- 
just the method of producing a uniform sample to the 
particular tissue being studied. Once a uniform 
sample is obtained, the general method for deter- 
mination of the amount of isotope should be appli- 
cable. 

A rather large variation was occasionally en- 
countered between the amounts of absorption for 
different rats receiving the same tx'pe of ointment. 

reported by other authors 

(3, 1-9). 

Statistical analysis of the results was carried out 
using the t-test for determination of significant dif- 
ferences between sample means. The level of sie 
nifican^ was chosen as P = o.io. The results ot 
tamed bj beta counting were compared with results 
of gamma counting of the same kidnev samples Xo 
significant differences were found between the two 
methods for the intact skin studies on ointment A 
ointment B, and ointment C (F > 0.,50). The 
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results of beta counting of mercury absorbed from 
ointment A through abraded skin of rats differed 
significantly from results obtained by gamma count- 
ing (0 05 > P > 0 01) 

CONCLUSIONS 

The radiometric method for determining ab- 
sorption of ammoniated mercury through intact 
and abraded skin is simple and is accurate for de- 
termining small amounts of mercury encountered 
under the conditions of this tj’pe experiment. 
The procedure is suitable for testing dermatologic 
vehicles for their effect on absorption of drugs. 
The general method for beta determination is 
probabh' applicable to any mercurial used in oint- 
ment form and, with certain modifications, could 
be adapted to isotopes of other medicinals com- 
monly studied for their release from ointment 
bases 

Since the gamma-counting method is uncompli- 
cated by volatility and self-absorbance and since 
it is relatively easy to carry out, it is preferred to 
the beta-determination method The beta tech- 
nique requires less expensive equipment and 


would be advantageous in cases when isotopes 
emit onlv beta radiation. 

The radiometric procedure is more simple than 
colorimetric methods and requires less sample 
treatment in carrjdng out the determination of 
mercury'. The results confinn that the method of 
Leblond, et ah (11), is advantageous in studies of 
percutaneous absorption of medicinals and the 
theory that a radioactive tracer technique for de- 
termining absorption of ammoniated mercur)’ is 
practical for use. 
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Interaction of Preservatives With Macromolecules IP 

Correlation of Binding Data With Required Preservative Concentrations 
of /?-Hydroxybenzoates in the Presence of Tween 80 

By F. D. PISANO and H. B. KOSTENBAUDER 


Data are presented to show that the preserva- 
tive activity of /i-hydroxybenzoic acid esters 
in the presence of Tween 80 is primarily a 
function of the concentration of unbound 
presenative. Prediction of required pre- 
sen arise concentrations from a knowledge 
of the degree of interaction of the presen’a- 
tise with nonionic surfactants is illustrated. 

A R.STiiER HIGH dcgrcc of association between 
/)-hydroxybenzoic acid esters and Tween 
SO lias previously been demonstrated (1), 
and several investigators (2, 3) have suggested 
that such an interaction might account for the 
observed interference of nonionic surfactants 
with the preservative acitivity of the parabens 
and other phenolic preservatives .■Mthough 
there is ample evidence that such inhibition docs 
occur (2-10), the majority of these studies have 
not been designed in a manner which would 

• Rfceivetl Julj 15 l'*5S frum the Jxrhtxjl <»{ Pharroacj, 
Tct-.;i’e Vn\er'.ii>. Philarlclphta Pa 

ITr'entet! to the Scientific Section, A Pn A . Los Anpelrs 
meeting. PJ5S 

Prise w rn mm:«cnpi submitted bv Francis D 
Pi a''o n the PaNtem Re;:i«in 195S Lunsfo't! Richardson 
PI A.wards C«*raiM:tJt!on 

Th s rk was sjr>;iorte»! in part by a research tjrant from 
Hevt*-n Newj» '■t Cher^ cal Corp^iration New York 


permit a direct correlation of prc.servativc 
activity and the degree of binding of the pre- 
servative by the surfactant. 

Aoki, Kamata, Yoshioka, and Matsuznki (0) 
presented data which indicated a relationslnii 
between solubility of the parabens in Ttvccii 
20' solutions and antifungal activity in these 
solutions. Aoki, Kamata, Matsuzaki, and Naka- 
tani (11) conducted further studies on this system, 
using verj' dilute solutions of Tween 20 (<0 \%) 
In these dilute solutions there is little binding of 
the preservative, and the decrease in surface 
tension produced by the Tween may hecoinc a 
relatively important factor in detennination of 
the required preservative concentration. 

In the present investigation minimum in- 
hibitor)' concentrations of metliylparaben Here 
obtained for Aerohader acroj^cnes and AspcrjiHUd 
7 iiger in control media and in media containing 
several concentrations of Ttvecn .VI* flie 

■Tween 20 1 , [Rj|>(ix>etli)lene virLiIan monoliurale 
Atla^ Pfjwilpr Co Witmin/ton. Dr! *,i.» 

*Twpcn 80 n [Kily oxj cth> Irnr ^orfiitan mon'»^*Ira!r A 
Powder Co Wilmington, l)f\ 
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increased quantity of paraben required in the 
presence of Tween 80 was compared with the 
concentration which would be predicted from a 
knowledge of the degree of binding of the methyl- 
paraben by the Tween, and the assumption that 
the preserv'ative activity is a function of the 
concentration of the unbound or free paraben. 

A simple, chemically defined culture medium 
was chosen for these studies to avoid, so far as 
possible, any competing interactions of the 
preservative with components in the medium. 
Special precautions were taken with Aspergillus 
niger because, as noted in a report by Barr and 
Tice (12), this organism is capable of hydrolyzing 
the ester linkage in Tween, with liberation of 
the free fatty acid. In order to investigate any 
possible direct influence such as this, the mini- 
mum inhibitory concentration for Aspergillus 
niger was observed when the organism was in 
contact with the Tween and this hydrolysis 
was observed to proceed, and also when the 
organism was separated from the Tween by a 
nylon membrane and the hydrolysis was thus 
prevented. 


EXPERIMENTAL 

Reagents. — RecrystalUzed methyl p-hydroxy- 
benzoate,’ m p. 129-131°; Tween SO, a commer- 
cial sample; all other chemicals were reagent grade. 

Microorganisms. — The organisms selected for 
these studies were Acrobacler acrogenes* and Asper- 
gillus niger ‘ It was necessary that the organisms 
chosen should be capable of growth in synthetic 
media and have an optimum growth temperature 
of about 30°, since binding data were readily 
available at this temperature, 

Acrobacler acrogcncs, in addition to satisfying the 
previous conditions, has the further advantage that 
growth can readily be followed either by titration 
of acid produced or by turbidity measurements. 
Selection of the Culture Medium. — Evidence 
indicating binding of phenols by amides (13) and 
nylon (1) suggests the possibility that when studies 
arc carried out using common media containing 
substances such as peptone or beef extract, some 
of the drug being studied may be bound to the 
protein or amino acids in the media To avoid 
such interactions the following medium was selected: 


Dextrose, anhydrous 5 00% 

NaCl ■ ■ 0 50% 

MgSOi 7H.O . 0 02%, 

K;HPO, 3 H 5 O 0 10%, 

NH^H.PO, . . 0 10% 

Distilled water to make , 100% 


pH of medium G 5 

The possibility of an interaction between mcthyl- 
paraben and dextrose was investigated by deter- 
mining the solubility of mcthylparabcn in dextrose 


'Mcllpl r.^rn‘;cpl. punfictl. IlcjUcn Ncwiwrt Chemical 
Corn . New Yorl. 

* ATCC No MOS 
ATCC No 10251, 


solutions of varying concentration. It was found 
that there was no increase in methylparaben solu- 
bilitj" in solutions containing up to 10% dextrose, 
and it was thus concluded that there was not a 
significant interaction between de.xtrose and the 
preservative. 

Sterilization. — It was found that sterilization 
could be effected without caramelization of the 
dextrose if the salt solution was autoclaved sepa- 
rately and then added aseptically’ to the solution of 
dextrose. Tween, and paraben previously sterilized 
by autoclaving at 15 pounds for twenty minutes. 
It was also found that caramelization did not occur 
if the solutions were combined and then autoclaved 
at 15 pounds for fifteen minutes, followed by rapid 
cooling. 

The possibility of hydrolysis of methylparaben 
upon autoclaving was investigated bj' determining 
the ultraviolet absorbance of methylparaben in both 
water and medium before and after autoclaving. 
No change was observed in the ultraviolet ab- 
sorption spectrum Solutions of Tween 80 were 
titrated with sodium hydroxide solution before 
and after autoclaving with no increase in the amount 
of sodium hydroxide required for neutralization to 
a phenolphthalein end point It was thus assumed 
that the preservative and the Tween tvere stable 
to autoclaving. 

Influence of Culture Medium on Interaction of 
Paraben with Tween. — To determine any influence 
which the culture medium might have on the 
binding of the preservative by the Tween 80, 
comparative dialysis studies were carried out in 
water and in the culture medium according to the 
procedure described in an earlier publication (1). 

Studies on Aerobacter Aerogenes. — Growth 
studies were carried out in PjTex test tubes, 25 x ISO 
mm. Tubes, each containing 20 ml. of medium 
with the desired concentration of Tween and 
paraben, weie inoculated with a loopful of a twenty- 
four-hour culture of the bacteria grown in the 
synthetic medium. These tubes were then main- 
tained at a temperature of 30°. Growth was 
followed by determination of turbidity at varying 
time intervals, using a Klett-Smnmerson photo- 
electric colorimeter uith a No 42 blue filter. 
Observations were made on two tubes at each time 
interval. 


In addition, tubes containing medium with 0, 2, 
4, and 6% Tween 80 and a series of concentrations 
dilTering bj’ 0 005% in the plain medium and 
0.02% in the Tween-containing medium, were 
prepared in duplicate and stored at 30° for daily 
gross visual observation over a period of one 
month. Inoculations of control and Tween- 
containing samples were made at the same time to 
avoid any variation in the inoculum. 


Studies on Aspergillus niger.-— The procedure 
for the inoculation of tubes xx-ith Aspergillus niger 
xx'as identical to that for Aerobocter aerogenes xx'ith 
the exception that the inoculum consisted of a 
loopful of a spore suspension from a one-week 
TOlturc of Aspergillus niger in the synthetic medium. 
Growth xvas obserx'ed xdsually as positix^e or nega- 
tive in^^;flicate samples of the medium containing 
0 and / /o Tween SO and a scries of paraben concen- 
by 0 005% in the plain medium, 
and 0 0.- /o m the Tixeen-containing medium. 

Additional studies xxcre carried out in xx-hich 
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the organism Mas separated from tlie Tneen b\ a 
n\Ion membrane Tween, paraben, and 20 ml of 
medium Mere placed inside n\lon sacks (1) mIiicIi 
permitted free passage of the paraben, but mIiicIi 
M erc impermeable to the Tmccii, the imcroorgaiiisin, 
and probabh to am esterase produced bt the micro 
organism These bags Mere then placed in ground 
glass stoppered bottles containing 20 ml of medium, 
and the entire asseinbh Mas sterilized b\ inter- 
mittent sterilization to a\oid damage to the nalon 
membrane The bottles Mere then agitated for 
fifteen hours at a temperature of 30° This agita 
tioii permitted equilibrium to be established be 
tMCcn the paraben and the macroniolecule The 
liquid outside the bag Mas then inoculated and the 
bottles Mere maintained at 30° for obser\atioii 
of groMth 

RESULTS AND DISCUSSION 

If the failure of normal mhibitor\ concentrations 
of the parabens m the presence of Tueen 80 can be 
attributed primanh to the association betucen 
prcser\ati\e and surfactant, and if the inhibition 
of microbial groMth m absence of Tuecn 80 ean 
be obtained b\ a paraben solution of a thermo 
d\ namic actu it\ corresponding to less than satura- 
tion, It Mould folloM that m the presence of an> 
concentration of Tuecn 80 there must be some 
concentration of paraben less than s ituration 
Minch Mill prevent microbial growth 

In anv aqueous sjstem containing Tmccii SO and 
methv Iparabcn, the total paraben present will 
consist of paraben bound to Tmccii and the free or 
unbound paraben 

Paraben -1- Tween Paraben Tween 

It has been shown previouslv that for anj given 
Tween SO concentration the ratio of total to free 
methv Iparaben is a constant, r (1) If the pre 
scrvative activitv of the paraben can be assumed 
to be due to the unbound or available form, then 
It should be possible to calculate required pre- 
servative concentrations for anv Tween 80 solution 
bv nuiltiplv mg the required concentration of free 
p irabcn bv the appropriate r value Tor these 
calculations it was assumed that the mimmuni 
mhibitorv concentration of paraben dctcrmnicd m 
the absence of Tween corresponds to the concen- 
tration of free paraben required Thus, for anv 
given concentration of Tween (Total pirabcn)/ 
(Tree paraben) X Required free paraben = Re- 
quired preservative concentration 

Influence of Medium on Binding — It was 
found that the interaction of the inethv Iparabcn 
with Tween SO was not identical in a medium of 
di-tilled watci and in the culture medium cmploved 
in these studies As shown in Fig 1, the piralKii 
inter lets with the Tween to a higher degree in the 
presence of the medium The results for the bind 
lag III distilled water ire m grxxl agreement with 
those previouslv reported It is therefore necessarv 
to tde into iccount the n itiire of the culture 
n ediu'n, even when it is i verv simple sviitlietic 
irtfhani. if the binding d ita art to lx correliteel 
with tnicsob i' igical results 

Inhibitory Concentration for Aerobacter Aero- 
genes -Ir’iibiti 'V conceatr itioas vert obt iintai 



Pig 1 —Binding of metlij Iparaben bv Tween SO in 
water and m the culture medium, 30° 

for Acrohacter aerngenes in the plain mcdiuiii and iii 
media containing v arioiis concentrations of 
Tween 80 Higher concentrations were required 
m the presence of Tween 80, and these tvperi 
mental concentrations wcie compared with the 
values which were predicted from a knowledge of 
the degree of interaction between pirabcn and 
Tween 

Figure 2 illustrates the influence of v'arj mg con 
ccntrations of methv Iparaben on the grow tli of 
Aerobacter aerogencs m a medium containing 
Tween 80 The final inhibitorj concentrations in 
these studies were determined bv taking as the 
inliibitorv coiicciitratioii the range between the 
lowest paraben concentration not showing giowtii 
after one month, and the ne\t lower piraheii 
concentration 

Tabic I shows the miminum mhibitorv coiiceii 
tration of methv Ipar.iheii as a fuiiction of Tween SO 
concentration 

Table I — Imiibitorv Concentration oi 

Methv (-FARABFN in the Presence or Twfin SO, 
Observed for Onf Month 


Organism 

Icfobacicr acrogenrs 
Aerobacter aerogcfies 
Aerobacter aerogencs 
Icrobacter aerogencs 
ntger 

Aspcri^tUus nigrr 


rueen Methylp «rabcn 

80 96 7c 

0 0 f)S() 

2 0 18-0 20 

1 0 28-0 20 

0 0 10-0 12 

0 0 OVr 0 OVJ 

7 0 22-0 21 


Inhibitor} Concentration for Aspergillus niger. 
The mhibitorv coriccntr*ition oi nictliv Ip ir ib( n 
for Ispicgtltit'f T i^ir in tlic plain nKOuirn u 's rUt(.r 
mined as f>nl> 0 7 he inlubitorv conctn 

trition in the pre '^ence fd 7' ^ T\\«en 80 v is 0 1- 
(I IV f \vlien the orginism v\ is in eont ict with tin 
Tween mrl when tin rjrg inisni w is scjMraled /r'^n 
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Fig. 2. — A tj’pical growth curve for Acrobacter 
aerogenes in the presence of var 3 'ing concentrations 
of methylparaben. The curves show increasing 
growth after one, two, and seven days, respectivelj', 
in plain medium and in medium containing 5% 
Tween 80. Growth is represented on an arbitrarj- 
scale based on turbiditj' measurements. 

the Tween by a semipermeable membrane, but in 
contact with the paraben, the inhibitory concen- 
tration was found to be in the range 0.326-0.346%. 
The paraben bound by the nj’lon was taken into 
account in these calculations. The results suggest 
that the principal effect of the Tween is to bind the 
preservative, and any direct influence of Tween 
on the growth of the organism seems to be negligible 
so far as required preservative concentration is 
concerned. 

It should be noted that in the studies utilizing 
the ns'lon membrane the absence of Tween outside 
the nylon membrane in concentrations detectable 
by analytical methods was confirmed, but it was 
not possible to prevent contamination b>’ minute 
traces of the surfactant and the resulting decrease 
in surface tension in the e.xternal solution. 

Correlation of Binding Data and Inhibitory 
Concentration. — Figure 3 shows a comparison of 



EXPCRIMEHT/kt INHIBITORY CONCN.IXl 

Fig. 3. — A comparison of predicted and c.vpcri- 
incntal inhibitory concentrations of inctliylparalxm 
in the presence of Tween SO. 


the experimental inhibitort" concentrations of 
methylparaben in Tween SO and the concentrations 
predicted from a knowledge of the inhibitory con- 
centration in plain media and the ratio of total to 
free methylparaben at the given Tween concentra- 
tion. The solid line in Fig. 3 represents a slope of 
1, and would indicate agreement between experi- 
mental and predicted inhibitory concentrations. 
The predicted concentrations obtained by raulti- 
pb’ing the required concentration in plain media 
by the r factor were slightU- in excess of the experi- 
mental values. However, as illustrated in Fig. 4, 
the concentration of free paraben required to in- 
hibit Aerobaefer aerogenes in any Tween concen- 
tration studied u’as a constant, approximateh- 
0.065%. This value is slightlj- less tlian the con- 
centration of 0.075-0.080% required in plain 
media, and it is possible that this decrease in re- 
quired concentration of free paraben may be due 
to the surface tension depression in Tween 80 
solutions. Aoki, Kamata, Matsuzaki, and Xaka- 
tani (11) found that in extremelj' dilute solutions 
of Tween 20, where binding is probably negligible, 
lower concentrations of preservative were required 
than was the case in the absence of Tween. This 
effect would account for the deviation of the experi- 
mental values and predicted values illustrated in 
Fig. 3. 

Although there is a dearth of data concerning 
the ratio of total to free preservative in the presence 
of nonionic surfactants, such information can often 
be obtained from solubility data (1). Thus the 
data of Chakravarty, Lach, and Blaug (14) for the 
solubiliD' of methyl and propyl ^-hj-droxybenzoates 
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SURFACTANT (X W/V) 

Fig 5 — Binding of mctlu Ipiraben and prop3l- 
panbcn bj sc\eral rcprescntati\ e surfactants of 
the pohoNtetlnlenc tjpc Data for Tuccn 80 are 
from Patel and Kostenbauder (1), data for M>rj 52 
were calculated from the solubilitj studj of Chak 
rat artj , Lach, and Blaug (14), and data for Ttteen 
20 Mere calculated from antifungal concentrations 
reported bj Aoki, et al (9) 


the metlnl ester Thus, for a gi\cn coiicentritioii 
of surfactant, a much greater proportion of tin 
total propt linrabcii \\ ill be in an in icti\ c form 
than Mould be the cise Mitli tin mellnl tstir 
Aoki, el al (9), noted tint mIhIc the higher esters 
such as propel and butel Mere cffcctiee in loner 
concentration than the nictlul ester in Mater, in 
the presence of surfactants this relationship is sonic 
times reeersed It should be possible to select the 
most suitable presere atiee for a gieen sestcni, 
utilizing data such as those presented in Fig 5 

SUMMARY 

1 The prcscre atie e actie ite of p he dro\e benzoic 
acid esters in the presence of iionionic siirfact Hits 
is pnmarilj a function of the concentration of 
unbound presere atie c 

2 The p hj dro\j benzoates can be ciiiploj td 
as efTicient preservatiees in the presence of iiomonn- 
surfactants, but the proper concentrations iinist 
be emplojed This studj suggests that these 
concentrations can be estimated bj’ multiple nig the 
usual preservatiee concentration bj the ratio of 
total to free paraben at anj' given surfact iiit con 
centration 

3 Hj drophobie esters such as propj 1 and bnte 1 
are usuallj cffcctiee in loeeer concentrations tliui 
the methel ester eehen emploeed in aqueous sjs 
terns, but in the presence of surfact Hits of tlit 
poljoejcthjiene tjpe this relationship might soint 
times be reeersed 
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Interaction of Preservatives With Macromolecules III* 

Parahydroxybenzoic Acid Esters in the Presence of Some Hydrophilic 

Polymers 

By GRACE M. MIYAWAKIf, N. K. PATEL$, and H, B. KOSTENBAUDER 


The magnitude of any intermolecular association occurring in aqueous solution be- 
tween methyl- and propylparaben and several hydrophilic polymers was deter- 
mined. Parabens were found to interact to some extent with polyethylene glycol 
4000, methylcellulose, polyvinylpyrrolidone, and gelatin. There was no evidence 
for a significant degree of interaction between the parabens and carboxymethyl- 
cellulose or tragacanth. The significance of these results relative to preservation of 
solutions containing these polymers is considered. 


REVious STUDIES in this series (1,2) have been 
concerned with the rather significant inter- 
action of preservatives with nonionic surfactants 
of the polyoxyethylene type and the importance 
of considering such interactions when determining 
proper preservative concentrations. Several ar- 
ticles published in recent years indicate that some 
thought has been given to interactions of pre- 
servatives with macromolecules such as traga- 
canth (3, 4), methylcellulose (3, 5),carboxyinethyl- 
cellulose (3), Irish moss (3), and polyethylene 
glycols (6). The purpose of the present investiga- 
tion was to determine the extent of any such in- 
teractions which might occur between ^-hydroxy- 
benzoic acid esters and some representative mac- 
romolecules, and thus obtain an evaluation of the 
relative importance of such binding in determin- 
ing required preservative concentrations. 

Studies were performed on polyethylene glj’col 
4000, methylcellulose, polyvinylpyrrolidone, gela- 
tin, carboxvmethylcellulose, and tragacanth, 
using solubility and equilibrium dialysis tech- 
niques to detect an)' possible association between 
the parabens and the macroinolecules. 

EXPERIMENTAL 

Reagents.— Rccrystallized methyl p-hydroxyben- 
zo.vtc,' m. p. 128-128.5°: recrj-stallizcd propyl p- 
hydroxybeiizoate,- m. p. 90-98° ; polyethylene glycol 
4000;’ methylcellulose 15 c. p. s. c.vrboxyincthyl- 
ccllulosc. low viscosity;’ tragacanth;* gelatin. 


• Ucccivctl AuKiist 15, 195?^, from the School of Fbarmncy. 
Tcmjile University, Philadelphia, Pa. 

This u'ork was suiiportcd in part by a research ^rant from 
Hoyden Newport Clicmical Corp . New York. 

t Chns. Pfizer Pcllow in Ho'ipitnl Pharmacy, in57-J9r>8. 
t Present address; School of Pharmacy, Unirersily of 
Marjdand, Baltimore, Mtl. 

’ Methyl Parasept. ptirified, supplied throuKh'lhccourlcsy 
of Hcydcn Newport Chemical Corp.. New York. 

* I’ropyl Parasept, purified, supplied throuRli the courtesy 
of Hcydcn Newport Chemical Corp . New York. 

* "Carbowax" -1000. supplied Ihrouch the courtesy of 
Union Carbide Chemicals Co , New Vtwk 

* Mclhoccl 1.5 c p R . supjdicd through the covtrtcsy of 
l>t>w Chemical Co , Midland. Mich. 

* CMC. TO premium low, supplied through the ctujrtcsy of 
Hercules Powder Co.. XVilmiturton, Del. 

* t? B. Pcnick & Co,, New York. 


derived from an acid-treated precursor;’ and poly- 
vinylpiTrolidone.® The concentrations of all macro- 
molecular dispersions are expressed on a w/v basis 
and have been corrected for moisture content as de- 
termined by drying a sample of the material to con- 
stant weight. 

Equilibrium Dialysis Method.— The equilibrium 
dialysis technique employed in the present study is 
essentially the same in principle as that used by 
Klotz, Walker, and Pi van (7) and Karush and 
Sonenberg (8) in investigating the binding action of 
proteins, and by Higuchi and co-workers (9, 10, 11) 
in their studies of the interaction between some 
macromolecules and pharmaceuticals. The experi- 
mental technique was identical to that used by Patel 
and Kostenbauder (1) in studying the interaction of 
parabens with Tween SO,* with the exception tliat 
the membrane employed in these studies was cellulose 
dialyzer tubing.” ' 

The dialysis method was employed for the study 
of methylcellulose. polyvinylpyrrolidone, gelatin, 
carboxymethylccllulose, and tragacantli.” Twenty- 
five ml. of the polymer solution under study was 
placed in each cellophane bag. Each bag was then 
tightly tied and placed in a wide-mouth glass- 
stoppered bottle containing 25, 50. or 75 ml. of on 
aqueous par.'iben solution. The capped bottles were 
then agitated for fifteen hours at constant tempera- 
ture. For tlic more viscous tragacanth dispersions 
a longer period of equilibration was required and the 
above method was modified in that the paraben was 
dissolved in the tragacanth dispersion and tlic bot- 
tles containing these samples were agitated for 
several days until constant assay results were ob- 
tained for the external solution. Tlic method of 
assay and the treatment of data have been described 
previously (1). 

The volume of the solution outside the membrane 
was measured, after equilibration, to permit correc- 
tion of the polymer concentration in the event a 
volume change had occurred. Important volume 
changes were noted only in the carboxyinethylccllu- 
losc solutions. 


“ PbarmaRcl A, Pharma,;cl Corp . New York 

• Pla.Rdf»ne. supplied thrtfuch the courtesy of Antara 
Chemicals. New York. 

•Tween SO is ^Kilyoxycthslcnc (201 sorbitan 
Atlas Powder Co , Wilmincton, Del 

A. H Thomas, Philadelphia. Pa., averase |X)rc diameler 
•tS Anjrslrum 

** Tragacanth contains n small fraction of dialyyalde ma- 
terial; but any error introtluccd by ncRlccliiiR this fraction is 
|irr»l»ably insignificant, particularlj- in view of the nature of 
the data obtained. 
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SURFACTANT (X W/V) 

Fig 5 — Binding of metliylparaben and prop 3 'l- 
paraben bj' several representative surfactants of 
the polyoxj’ethj’Iene type Data for Tween 80 are 
from Patel and Kostenbauder ( 1 ) , data for Mj'rj 52 
were calculated from the solubility study of Chak- 
ravarty, Lach, and Blaug (14); and data for Tween 
20 were calculated from antifungal concentrations 
reported by Aobi, et al (9). 


the methjd ester Thus, for a given concentration 
of surfactant, a much greater proportion of the 
total propj'lparaben will be in an inactive form 
than would be the case with the methyl ester. 
Aoki, el al. (9), noted that while the higher esters 
such as propyl and butyl were effective in loner 
concentration than the methj'I ester in water, in 
the presence of surfactants this relationship is some- 
times reversed. It should be possible to select the 
most suitable preservative for a given system, 
utilizing data such as those presented in Fig 5 

SUMMARY 

1 . The preservative activitj' of /)-hydrox}’benzoic 
acid esters in the presence of nonionic surfactants 
is primarily a function of the concentration of 
unbound preservative. 

2. The J>-hydroxybenzoates can be emploj-ed 
as efficient preservatives in the presence of nonionic 
surfactants, but the proper concentrations must 
be employed This studj' suggests that these 
concentrations can be estimated by multiplying the 
usual preservative concentration bj' the ratio of 
total to free paraben at any given surfactant con- 
centration 

3 Hj’drophobic esters such as propj'l and butj'l 
are usually effective in lower concentrations than 
the methyl ester when employed in aqueous sys- 
tems, but in the presence of surfactants of the 
polyoxyethylene type this relationship might some- 
times be reversed. 

REFERENCES 


in Myrj 52* can be employed to calculate the ratio 
of total to free preservative as a function of the 
concentration of Mj’rj 52 These data are illus- 
trated in Fig 5 for comparison with the binding 
exhibited bj' Tween 80 

The ratios of total to free paraben in the presence 
of Tween 20, shown in Fig 5, were estimated from 
inhibitory concentrations reported bj- Aoki, Kamata, 
Yoshioka, and Matsuzaki (9) These determina- 
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but the results seem to indicate that the binding of 
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Interaction of Preservatives With Macromolecules IIP 

Parahydroxybenzoic Acid Esters in the Presence of Some Hydrophilic 

Polymers 

By GRACE M. MIYAWAKIf, N. K. PATELj, and H. B. KOSTENBAUDER 

The magnitude of any intermolecular association occurring in aqueous solution be- 
tween methyl- and propylparaben and several hydrophthc polymers was deter- 
mined. Parabens were found to interact to some extent "'Jtb polyethylene glycol 
4000, methylcellulose, polyvinylpyrrolidone, and gelatin. There was no evidence 
for a significant degree of interaction between the parabens and carboxymetnyi- 
cellulose or tragacanth. The significance of these results relative to preservation of 
solutions containing these polymers is considered. 


P REVIOUS STUDIES in this series (1,2) have been 
concerned with the rather significant inter- 
action of preservatives with nonionic surfactants 
of the polyoxyethylene type and the importance 
of considering such interactions when determining 
proper preservative concentrations. Several ar- 
ticles published in recent years indicate that some 
thought has been given to interactions of pre- 
servatives with macromolecules such as traga- 
canth (3, 4), methylcellulose (3, 5),carbo.x}Tnethj'l- 
cellulose (3), Irish moss (3), and polyethylene 
glycols (G). The purpose of the present investiga- 
tion was to determine the extent of any such in- 
teractions which might occur between /(-hydroxy- 
benzoic acid esters and some representative mac- 
romolecules, and thus obtain an evaluation of the 
relative importance of such binding in determin- 
ing required preservative concentrations. 

Studies were performed on polyethjdene glycol 
4000, methylcellulose, polyvinylpyrrolidone, gela- 
tin, carboxymethylcellulose, and tragacanth, 
using solubility and equilibrium dialysis tech- 
niques to detect any possible association between 
the parabens and the macromolecules. 

EXPERIMENTAL 

Reagents. — Rccrystnllized methyl /)-hydrox}’bcn- 
zoate,’ 111. p, 128-128.5°; recrystallizcd propyl p- 
liydro.\ybcnzoate,= m. p. 0G-9S°; polyethylene glycol 
4000;’ iiicUiylcelUilosc 15 c. p. s.;‘ carboxyiucthyl- 
ccllulosc, low viscosity;’ tragacanth;’ gelatin. 
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derived from an acid-treated precursor;’ and poly- 
vinylpyrrolidone.® The concentrations of all macro- 
molecular dispersions are expressed on a w/v basis 
and have been corrected for moisture content as de- 
termined by drying a sample of the material to con- 
stant weight. 

Equilibrium Dialysis Method. — The equilibrium 
dialysis technique emploj-ed in the present study is 
essentially' the same in principle as that used by' 
Klotz, Walker, and Pivan (7) and Karush and 
Sonenberg (8) in investigating the binding action of 
proteins, and by Higuchi and co-workers (9, 10. 11) 
in their studies of the interaction between some 
raacromolecules and pharmaceuticals. The experi- 
mental technique was identical to that used by Patel 
and Kostenbauder (1) in studying the interaction of 
parabens with Tween SO,® with the exception that 
the membrane employed in these studies wascellulose 
dialy'zer tubing.’® ' 

The dialysis method was employed for the study 
of methylcellulose, polyvinylpy'rrolidone, gelatin, 
carbo.xymcthylcellulose, and tragacantli.” Twenty'- 
five ml. of the polymer solution under study was 
placed in each cellophane bag. Each bag was then 
tightly tied and placed in a wide-mouth glass- 
stoppered bottle containing 25, 50, or 75 ml. of an 
aqueous paraben solution. The capped bottles were 
then agitated for fifteen hours at constant tempera- 
ture. For the more viscous tragacanth dispersions 
a longer period of equilibration was required and the 
above metliod was modified in that the paraben was 
dissolved in the tragacanth dispersion and the bot- 
tles containing these samples were agitated for 
several days until constant assay' results were ob- 
tained for the external solution. The method of 
assay and the treatment of data have been described 
previously (1). 

The volume of the solution outside the membrane 
was measured, after equilibration, to permit correc- 
tion of the polymer concentration in the event a 
volume change had occurred. Important volume 
changes were noted only in the carbo.vy'methy'lcellu- 
losc solutions. 


» Pharmascl A, Pharmascl Corp.. New V'ork. 

• Plasdonc, supplied through the courtesy of Antara 
Chemicals. Kew York. 

rTween so is poiyoiyethyleae (20) sorbitan monoolcate. 
Atlas Powder Co., Wilmta^on, Del. 

Philadelphia, Pa., average pore diameter 

Tragacanth contains a small fraction of dialj-zable ma- 
tcnal; but any error introduced by neglecting this fraction is 
probably insignificant, particularly in view of the nature of 
the data obtained. 
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Solubility Method. — The solubility of methyl and 
propyl esters of p h> droxj benzoic acid was deter 
mined in the presence of varying concentrations of 
polyethj lene glj col 4000 Excess quantities of para 
ben (0 25 Gm of the propj 1 ester, 1 25 Gra of the 
methyl ester) were placed m 125 ml glass stop 
pered bottles containing 50 ml of polyethj lene 
glj col 4000 solution The bottles were agitated for 
Uventy four hours at 30° The method of assay and 
treatment of data have been described previously 
( 1 ) 

RESULTS AND DISCUSSION 

Polyethylene Glycol 4000 — Lach, Ravel, and 
Blaug (6) determined the solubilitj of methyl and 
propj 1 p hydroxj benzoates in aqueous solutions 
containing up to 2% PEG 4000 and PEG 6000 
In the present studj the solubilitj' determinations 
were extended to 10% w/v PEG 4000, as illustrated 
m Fig 1 In Fig 2 the solubilitj data have been 
plotted to show the ratio of total to free paraben as a 
function of PEG 4000 concentration As illustrated 
in a previous studj (2), the ratio, r, shown in Fig 
2, can be used as a first approximation m determm 
mg anj increased quantity of preservative which 
might be required in the presence of the PEG For 
example, if it can be assumed that anj interference 
with the activity of the preservative is due to bind 
ing of the macromolecule, and the macromolecule 
Itself exhibits no antimicrobial activity, then in a 
solution of 5% PEG 4000 it might be expected that 
the concentration of methylparaben employed 
should be approximatelj 1 6 times the concentra 
tion which would be employed in tlie absence of the 
PEG While this approach is undoubtedly an over 
simplification of actual conditions, it nevertheless 
provides some indication of the quantitj of pre 
servative which might be required 



Fig 1 — Solubilitj of methjl and propj 1 p 
hj droxj benzoate in aqueous solutions of polj 
ethj'lene glj col 4000 at 30° 



Fig 2 — Ratio, r, of total paraben to free paraben 
as a function of polj ethj lene glycol 4000 coneen 
tration at 30° 


The binding of parabens bj' PEG is of minor im 
portance in comparison with the binding exhibited 
bj polj oxj ethj lene surfactants (1, 2), and results 
reported by deNavarre and Bailej ^2) suggest that 
in practice there is little or no interference w ith the 
preservative activity of methj Iparaben m the pres 
ence of 2% PEG 4000 This result is not surprising, 
since preserx atives are usually employed m concen 
trations well in excess of the minimum inhibitory 
concentration, thus, binding a portion of the preser 
vative might not reduce the effective concentration 
to a level which w’ould permit miciobial growth 

Figure 2 indicates that the propj 1 ester is bound to 
a greater extent than the methj 1 ester, but the dif 
ference m binding affinity is considerabh less than 
was observed for these two compounds in solutions 
of polyoxyethylene surfactants (2) 

Methylcellulose — Tillman and Kuramoto (5) 
studied the solubility of several parabens in the 
presence of methj'lcellulose and obtained evidence 
which would suggest the existence of both soluble and 
insoluble complexes between the parabens and this 
polymer It is possible that the phenolic group of 
the paraben might interact with the ether groups 
of the methj Icellulose in a manner analogous to the 
interaction w ith PEG 

The dialysis method was employ ed in the present 
study to obtain an estimate of the degree of inter 
action m the concentration range in which the para 
bens might normally' be employed Figure 3 iHus 
trates the ratio of total to free paraben as a function 
of methylcellulose concentration While there is 
definite evidence that an interaction does occur, 
the ratio of total to free paraben indicates that in 
the concentrations in which methylcellulose might 
normally be employed it is unlikely' that sufficient 
paraben would be bound to the macromolecule to 
necessitate the addition of supplementary quantities 
of paraben 

Polyvmylpyrrolidone — The interaction of incthy I 
and propyl p hj droxj benzoates w ith PVP w as in\ cs 
tigated by means of the dialysis technique The 
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Fig. 3. — Binding of methyl and propyl ^-hydro-xy- 
henzoate by raethylcellulose at 30°. Total methyl- 
paraben in solution 6.41 X 10 M; total propyl- 
paraben in solution 1.23 X 10 M. 

ratio of total to free paraben as a function of PVP 
concentration is illustrated in Fig. 4. 

P\'P contains an amtdo group; and it has previ- 
ously been demonstrated that compounds such as 
phenols, whicli arc capable of acting as proton 
donors, tend to form comple.'ccs with amides (9, 13). 
Of the polymers included in this study PVP e.\- 
hibited maximum binding of the parabens. 

Gelatin. — The results of a dialysis study of methj’l 
and propylparaben in the presence of gelatin pro- 
vided evidence, as indicated in Fig. 5, for some de- 
gree of interaction. These results were obtained in 
unbuffered solutions at a pH of 4.3-4.4, using gelatin 
derived from an acid-treated precursor. The inter- 
action of the paraben with the gelatin can probably 
be attributed to the presence of the araidc-type 
groups in tiie gelatin. 

The degree of binding observed in the presence of 
gelatin appears to be of relatively minor importance 
in determining required preservative concentrations. 

Carboxyraethylcellulose. — The possible interac- 
tion of CMC with mcthylparaben was investigated 
by means of the equilibrium dialysis method and the 
results are presented in Fig. 6. Extreme volume 
changes occurred in these solutions due to the os- 
motic activity of the CMC. To prevent these 
changes when attempting to investigate more con- 
centiatcd CMC solutions it was necessary to add 
sodium chloride as a swamping electrolyte. In no 
case was there any detectable evidence of association 
between the paraben and the CMC. 

Tragacanth. — Di.alysis data for mcthylparaben in 
the presence of tragacanth arc presented in Fig. G. 
The results of these studies indicate that there is no 
significant binding of the jircservative by the traga- 
canth. If increased quantities of the parabens 
should be required for cffc'ctivc preservation of trag- 
acanth tlispersions this increase must be attributed 
to some factor other than adsorption of the preserrm- 



Fig. 4. — Binding of methyl and propyl /)-hydroxy- 
benzoate by polyvinylpyrrolidone. Data for 
mcthylparaben obtained at 27°, and data for propyl- 
paraben at 30°. Total mcthylparaben in solution 
6.12 X 10~* M; total propylparaben in solution 
1.23 X 10-= M. 



Fig. 5. — Binding of methyl and propyl f>-hydroxv- 
benzoatc by gelatin at 30°. Total meth.vlparaben 
in solution 9.80 X 10“= M; total propylparaben in 
solution 1.85 X 10 M. 

tive. It is probable that tragacanth dispersions 
provide a more favorable medium for the growth of 
microorganisms; and. if so. it might be expected 
that the necessity for increased preservative con- 
cenuations would not be limited to any specific 
preservative. 
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Fig 6 — Ratio of the concentration of methyl- 
paraben inside the dialysis membrane to tlic con- 
centration outside the membrane, in the presence 
of varying concentrations of tragacantli and car- 
boxymethylcellulose at 30° Methylparaben con- 
centration 6 00 X 10 to 9 88 X 10"’ M. 


Table I presents a comparison of the degree of 
binding of parabens in the presence of 2% disper- 
sions of the macromolecules studied Although data 
are not presented for propylparaben in CMC and 
tragacanth dispersions, the results would be expected 
to parallel those obtained with the methyl ester 


ethylene glycol, methylcellulose, polyvinylpyr- 
rolidone, and gelatin. The magnitude of the as- 
sociation is considerably less than that observed 
previously with several nonionic surfactants. 

2. There was no evidence for a significant 
degree of interaction of methylparaben with car 
boxymethylcellulose or tragacanth. Any in- 
creased quantity of paraben required to presert'e 
tragacanth dispersions cannot be attributed to 
adsorption of the preservative by the gum, and 
thus should not be a phenomenon restricted to 
any specific preservative. 

3 It would appear that for concentrations in 
which the polymers under investigation are us- 
ually employed, binding of the parabens would 
not be sufficient to prohibit their efficient appli- 
cation as preservatives. 


Table I — Comparative Binding of Parabens by 
2% Polymer Solutions 



Total 

Total 


Methyl 

Propyl- 

Macromolecule 

paraben 

paraben 

2% w/v 

Free, % 

Free, % 

Polyvinylpyrrolidone 

78 

64 

Polyethylene glycol 4000 

84 

81 

Methylcellulose 

91 

87 

Gelatin 

92 

89 

Carboxymethylcellulose 

100 


Tragacanth 

100 



SUMMARY 

1. Methyl and propyl ^-hydroxybenzoate 
were found to interact to some extent with poly- 
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The Determination of Acetophenetidin in Tablet 
Mixtures; A Potentiometric Method* 


By JOSEPH G. BALDINUS and IRVIN ROTHBERG 

When acetophenetidin is hydrolyzed with acid, the resulting /'-phenetidin can be 
titrated potentiometrically with sodium nitrite if potassium bromide is used as a 
catalyst to speed the diazotization reaction. This provides the basis for a simple, 
rapid, and accurate procedure for determining acetophenetidin. Aspirin, caffeine, 
salicylic acid, codeine, amphetamine, and amobarbital do not interfere with the titra- 
tion. 


"D ecently, Falex (1) reported that /.-pheneti- 
din could be titrated with sodium nitrite 
using starch-iodide paper as an indicator This 
would be an attractive procedure for acetophene- 
tidin, except for a number of disadvantages: the 
starch-iodide paper is insensitive to dilute solu- 
tions of sodium nitrite, the temperature must be 
controlled, colored solutions give trouble, the re- 

* Received October 7, 1958. from the Smith Kline and 
French Laboratories, Philadelphia 1. Pa. 


action with starch-iodide paper requires consider- 
able time, and, finally, the use of an external in- 
dicator is simply not conducive to accuracy and 
precision. 

In the work presented below, the diazotization 
reaction was speeded so that the titration of the 
p-phenetidin could be followed potentiometri- 
cally. The resulting procedure has proved con- 
siderably less troublesome than the existing meth- 
ods for determining acetophenetidin (2-10). 
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EXPERIMENTAL 

Reagents. — A 0 05 N sodium nitrite solution 
ivhich was prepared by dissolving approximately 3 5 
Gm sodium nitrite in one liter of distilled water; sulf- 
anilamide, U S P reference standard, which was 
used to standardize the nitrite solution; potassium 
bromide crystals; and a 10% aqueous solution of 
HCI 

Apparatus. — Either a Photovolt model 110 or a 
Beckman model G pH meter; a platinum electrode 
which was used versus a calomel electrode; a timer, 
preferably one with a second hand; and a 25-mI 
buret 

Procedure. — The tablets were ground to a fine 
powder and an amount of sample that contained 
about 160-180 mg. of acetophenetidin was refluxed 
for one to one and one-half hours with 50 ml of 10% 
aqueous HCI. The resulting solution was transfer- 
red quantitatively to a 250-ml beaker with the aid 
of 50 ml 10% aqueous HCI, 5 Gm of potassium 
bromide was added, and the solution was then ti- 
trated potentiometrically with sodium nitrite, using 
a magnetic stirrer for agitation At the beginning 
of the titration, the titrant was added rapidly, but 
near the end point, increments of 0 I ml were added 
Since the potential drifted during the titration, the 
readings were recorded exactly one minute after each 
addition of titrant The inflection point was cal- 
culated by the method of KoltholT and Laitinen 
( 11 ) 

A blank titration was also run on the sample prior 
to hydrolysis with acid. On all our samples, the 
blanks were negligible. Ordinarily, the blank would 
be ml unless /'-phenctidin had somehow formed in 
the tablets This conceivably could happen with 
age or under unusual storage conditions For con- 
trol work, the blank determination could probably 
be omitted altogether After subtraction of the 
blank, each ml of 0 05 iV sodium nitrite consumed 
ivas equivalent to 8 955 mg acetophenetidin 

In standardizing the sodium nitrite with sulfanil- 
amide, it was not necessary' to use potassium bro- 
mide However, the potentials were still recorded 
as above, one minute after the addition of each incre- 
ment of titrant. 


bromide, the end point could be detected ; however, 
it was not nearly so pronounced or so reproducible, 
as was the potentiometric end point 

Caffeine, aspirin, salicylic acid, and the common 
tablet excipients, such as starch, talc, magnesium 
stearate, calcium sulfate, and guar gum were checked 
for possible interference in the titration; however, 
no interference was found Codeine, amphetamine, 
and amobarbital, also, did not affect the titration. 

In the blank titration, the acetophenetidin comes 
in contact with a 10% acid solution and might be 
expected to hydrolyze slightly Pure acetopheneti- 
din, however, gave a negligible blank even after 
thirty' minutes stirring in the acidic solution. 

RESULTS 

When pure acetophenetidin was analy'zed by the 
above procedure, theoretical recoveries were ob- 
tained Results obtained on various tablet mixtures 
are reported in Table I. 

Table I —Analysis or Acetophenetidin in 
Various Tablets 


Sample 

Label 

Declaration, 
gr /tablet 

Found, 
gr /tablet 

1“ 

5 00 

4 94 

2 

5 00 

5.02 

3 

5 00 

5 00 

4 

5 00 

4.95 

5 

5 00 

4 97 

0 

5 00 

4 94 

7 

5 00 

5 00 

8 

5 00 

4 96 

9 

5 00 

4 95 

10 

5 00 

4 98 

11 

5 00 

5 02 

12 

5 00 

5 02 

13'’ 

2 50 

2 50 

14‘ 

2 50 

2 52 

15' 

2 50 

2 48 

16' 

2 50 

2 50 


® Samples 1-12 inclusi\e are APC tablets 
ft These tablets contain codeine sulfate, amphetamine sul- 
fate, and aspirin in addition to the acetophenetidin 

^ Arophetaimne sulfate, amobarbital, and asptnn arc pres- 
ent in these samples 


DISCUSSION AND RESULTS 
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Substituted a-Benzylphenethylamines* 


By WILLIAM H. EDGERTONf, ROBERT L. HULL, and JAMES R. FISHER 


A series of amines related to a-benzylphen- 
ethylamine was prepared. The preparation 
of the penicillin G salts of these amines was 
attempted. The most interesting compounds 
reported are the penicillin G salts of a-benzyl- 
N-(3-phenylpropyl)-phenethylamine and «- 
benzyl-N-(/>-butoxybenzyl)-phenethylamine. 

A^uch effort in the pharmaceutical industry 
has been expended to obtain formulations 
of penicillin G derivatives which would be 
stable for extended periods and yet yield high 
blood levels upon oral administration. The 
most notable of the insoluble amine-penicillin 
salts prepared for this purpose has been benza- 
thine penicillin G (1). 

a,N-Dibenzylphenethylamine (Table I, 3)‘ 
was found to form a crystalline salt with penicillin 
G. A series of related amines was synthesized in 
order to select the most desirable penicillin salt 
for further study. ^-Substitution of the 
N-benzyl moiety by various alkoxy, alkyl, or halo- 
gen groups gave crystalline penicillin salts of sol- 
ubilities* ranging from 0.05 to 0.009%. Substitu- 
tion of other groups such as nitro or acetamido at 
this position gave amorphous salts, o- or wj-Sub- 
stitution gave uniformly negative results. Re- 
placement of N-benzyl by N-cyclohexylmethyl, 
N-hexadecyl, or N-furyl-methyl moieties gave 
bases which would not form crystalline salts. 
Methylation of I, 3 by the Clark-Eschweiler re- 
action destroyed its ability to form crystalline 
salts. 

Crystalline penicillin salts of low solubility were 
obtained from amines prepared by replacement of 
the N-benzyl group by phenyl substituted 
straight chain alkanes. The most interesting 
member of this group was the a-benzyl-N-(3- 
phenylpropyl)-phenethylamine penicillin salt 
(Table IV, 2). The amine (Table I, 5) was pre- 
pared most readily by the reductive alkylation of 
a-benzylphenethyl amine by hy^drocinnamalde- 
hyde. VTien cinnamaldehyde was used in the 
alkylation, lower yields resulted due to the forma- 


♦Received October 8, 1958, from the Product Develop- 
ment Laboratory of Parke, Davis & Co., Detroit. Mich 

t Present address: Smith Kline & French Laboratories, 
1500 Spring Garden Street, Philadelphia 1, Pa, 

The authors wish to thank Mr. A. L. Rawlins and Dr. L. M. 
Wheeler for their interest in this work. Microanalytlcal data 
were supplied by Mr. Charles Childs and staff. pKa Values 
were supplied by Dr. J. M Vandenbelt and Miss C Henrich. 
* Compounds are designated by Table No. and entry No 
“ r ' ' !. • * •' ‘rmined most conveniently by a 

. ! ■ ■■■.■ : ■ <■! developed by Mr J A Sultza- 

• A method based on ultraviolet 

sy . ! ;■ u agitation of a suspension of the salt 

gave erratic results. 


tion of considerable amounts of a by-product, 
N-(a-benzylpheneth 3 d)-cinnamylamine. Lower 
yields were the result of alkylation by phenylpro- 
pyl bromide or chloride. 

An alternate method of synthesis was de- 
veloped, consisting of Meerwein-Ponndorf-Verley 
reduction of dibenzyl ketone to the carbinol which 
was reacted with hydrogen bromide to give 
a-benzylphenethyl bromide. Although the 
bromide could not be purified easily, the crude 
compound was condensed with appropriate 
amines to obtain compounds not obtained readily 
otherwise. 

The conversion of dibenzalacetone to 1-phen- 
ethyl-3-phen}'l-propylamine via the reduction 
of the oxime has been reported (2), but the pro- 
cedure proved to be very tedious in our hands. 
The ketone was reduced catalytically (3) with 5% 
palladium-on-charcoal until tivo molar equiva- 
lents of hydrogen had been absorbed. The 
Leuckart reaction using formamide gave a 76% 
yield of the desired amine. 5-Phenyl-l-(4-phen}’l- 
butyl)-pentylamine was prepared in similar fash- 
ion from l,9-diphenyl-l,3,6,8-nonatetraen-5-one 

via 1 ,9-diphenyl-5-nonanone. None of a series of 
alkylated derivatives of these amines formed 
crystalline penicillin salts. 

The dry distillation of the calcium salt of 
a-naphthylacetic acid gave l,3-di-(a-naphthyl)- 
2-propanone. A Leukart amination and subse- 
quent alkylation gave the dinaphthyl analog of I, 
3 which formed an amorphous penicillin salt. 

Hy'drogenation of a-benzyd phene thydaraine 
with ruthenium dioxide catalj'st at medium pres- 
sures and elevated temperatures resulted in a 
good yield of a-cyclohexydmethylcyclohexylethyl- 
amine. Alkylated derivatives of this amine were 
only^ partially' successful in forming penicilhn 
salts. 

The pKa valuesofrepresentativemembersof the 

series were determined by' electrometric titration, 
usually in 5% n-propanol (4) in an attempt to cor- 
relate a physical property of the amines with the 
character of their penicillin salts. Although the 
variation in basicity with structure was largely' 
that expected, no correlation in these values with 
the cry'stallinity of the penicillin salts was ap- 
parent. In general, alternations of the parent 
skeleton of I, 3 which destroyed the symmetry' of 
the amine resulted in loss of the cry'stallinity of its 
penicillin salt. 
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Table I. — ff-BENZYL-PHENETHVLAJ,nNES 


N*RR' 


CeHs— CHr-CH— CHjCsHs 


•' —Analyses, ^ 

Jkf, P , Yield, Carbon Hydrogen 

€7. Tkir^Q Pr«»nn Pormiila PntinH Prttit 


Ko 

R 

R' 

' 

% 

pK'a 

Prepn 

Formula 

Calcd 

Found 

Calcd 

Found 

1 

CHi 

CHj 

223 

83 



CitHhN HCI 

79 03 

74 14 

8 09 

7 87 

2 

H 

Ci.H.. 

107 

54 

5 4 

B 

CiiHoN HCI 

78 85 

78 41 

10 68 

10 87 

3 

H 

CHiCtHi 

24G 

94 

6 5 

A.C 

CssHsjN HCI 

78 20 

77 61 

7 16 

7 39 

4 

H 

CjHiOHi 

1S8 

64 

6 7 

A.B 

C'lHs^N HBr 

69 70 

69 61 

6 61 

6 72 

5 

H 

CiHtCtH, 

193 

79 

7 2 

A.B 

ChHkN HCI 

78 77 

78 92 

7 71 

7 55 

C 

H 

CHj—CH— CH jC«Hj 

146 

4G 


A» 

Ci,HrN HCI 

79 87 

SO 30 

00 

CO 

8 58 



1 

CiHu 










7 

H 

CHi-CtHii 

247 

65 

6 95 

A‘ 

CaHuN HCI 

70 81 

76 68 

8 79 

9 01 

8 

CHi 

CHiCtHs 

ICO 

71 



CoHmN HCI 

78 50 

78 26 

7 45 

7 20 

9 

H 

CHtCfHt p-CH, 

242 

52 


B 

CuHtiN HCI 

78 50 

78 53 

7 45 

7 57 

10 

H 

CHiCtH. p CH(CHi), 

211 

50 

6 55 

A 

CaHaN HCI 

79 02 

79 02 

7 94 

8 20 

11 

H 

CHtCtH.-p-OCHi 

223 

81 


A 

CijHuN'O HCI 

75 08 

75 19 

7 12 

0 82 

12 

H 

CHsC.H.-p-OCtHi 

222 

85 


A 

CoHoNO HCI 

75 47 

75 93 

7 39 

7 49 

13 

H 

CHsC.Hi m OCtH, 

139 

07 

G 4 

A 

CmHiiNO HCI 

75 47 

75 63 

7 39 

7 62 

14 

H 

CHjC.Hi 0 OCiHs 

192 

S3 

6 7 

A 

C:iHj7NO HCI 

75 47 

76 10 

7 39 

7 58 

15 

H 

CHiCtH.-p-OCiH, 

209 

84 


A 

CoHi.NO HCI 

75 83 

75 74 

7 64 

7 GO 

IG 

H 

CH,C,H< p OCH(CH,)i 

232 

80 


A 

CiiHaNO HCI 

75 83 

76 24 

7 64 

7 73 

17 

H 

CHiC.H, p OCtH, 

203 

82 

C 65 

A 

C,iH>.NO HCI 

76 16 

76 34 

7 87 

7 89 

18 

H 

CH!C«H,-P-0CH(CH,)C!H, 

229 

81 


A 

Ci.HjiNO HCI 

76 16 

76 14 

7 87 

8 12 

19 

H 

CH,C.H,-p OC<Hii 

199 

82 


A 

CoHiiNO HCI 

76 48 

76 49 

8 08 

8 29 

20 

H 

CHiCcH. 0 OC.Hi. 

139 

39 


A 

CnHuNO HCI 

76 4S 

70 30 

S 08 

8 30 

21 

H 

CHiC.H. p-OC,HiCH(CH,). 

220 

82 


A 

CkHiiNO HCI 

76 48 

76 77 

8 08 

S 16 

22 

H 

CH,C<Ht-p-OCwH!i 

173 

80 


A 

CuHtiNO HCI 

77 78 

77 80 

8 98 

S 93 

23 

H 

CH,C<Hi.p.OCH,C,H, 

225 

83 

6 65 

A 

C»H»NO HCI 

78 44 

78 62 

0 81 

6 89 

24 

H 

CHiCsH, p OCiHtCl 

207 

85 


A 

CuHuCINO HCI 

09 70 

69 09 

0 79 

0 89 

25 

H 

CH,C<H. p-C! 

257 

14 

0 1 

A 

C-iHuCIN HCI 

70 90 

71 SO 

C 23 

0 50 

20 

H 

CHiC«H,-p-NOi' 

208 

27 

7 7 

B 

CaHiiNjOiHCl 

69 01 

69 21 

G 06 

3 95 

27 

H 

CHtC,H<.p-NHCOCHi 

271 

94 


A 

CaHstNiO HCI 

72 98 

72 89 

7 05 

6 82 

28 

H 

CHiC.Hfp-NtCiHi)! 

199 

48 


A 

CaHnN, 2HC1 - 

08 03 

08 OS 

7 SO 

S 09 








■AHiO'* 





29 

H 

CHiCiHi m-OCHi p-OH 

205 

78 


A 

CnHiiNOsHCl 

72 44 

72 00 

7 09 

7 23 

30 

H 

CH, a.C<H,0 

1S9 

80 


A 

CaHjiNO HCI 

73 27 

72 89 

6 76 

7 09 

31 

H 

H 

209 


8 0 


CiiHuN HCI 

72 71 

72 39 

7 32 

7 14 


° These compounds were prepared by Clarke Eschvveiler meth>lation 
fr The readily available unsaturated aldehydes were used in the reductive a1k>lation 
^ Catalytic reduction of the p nitro compound gave a solid which could not be purified 
d This compound, after drying tit vacuo, was observ’ed to be hygroscopic 


On the basis of low solubility in water, ease of 
crystallization, and preparation as well as com- 
merical availability, the penicillin salts of 
a - benzyl - N - (/> - butoxybenzyl) - phenetliyl 
amine (Table IV, 9) and a-benzyl-N-(3-phenyl- 
propyl)-phenelliylamine (Table IV, 2) were 
chosen for further study. These salts produced 
blood levels considerably higher than those ob- 
tained with benzethine penicillin G in dogs follow- 
ing oral administration. Both of these com- 
pounds caused irritation when administered by 
injection. Many of the amines prepared proved 
to be potent local anesthetics. 

EXPERIMENTAL’ 

o-Bcnzylphcncthj lamme was prepared by the 
method of Koclseh (5) Alko\ybcnz,aldehydcs were 
prepared by the method of Stocmicr and tVodarg 
as well as tVeyKand and Gabler (G) Several aide- 
lit des not previously reported are )&-dcc>lo\\- 
lienz.ddeli\ dc (b p 173-170° at 1 mm ), p-chloro- 

* AU meUmg points nnd lioihng points arc uncorrcctcd 


propoxybenzaldehydc (b p 110-115° at 1 mm ), 
in-araoxybenzaldehydc (b p 109° at 0 5 mm ) and 
jfc-buto\ybenzaldohyde (b p 135-137° at 6 mm ) 

a-Benzylpheneth}’laraines . — Method .-I — An equi- 
molar mixture of amine and aldehyde in ethanol was 
heated at reflux for one hour Appropriate catalyst, 
usually platinum oxide or 5(; palladium-on-char- 
coal, was added and the mixture lit drogenated at 
three atmospheres at room temperature to com- 
pletion After filtration and evaporation tn xacuo, 
the residue was dissolved in ether The ether ex- 
tract was dried over potassium hxdroxidc, filtered, 
and saturated with dry liydrogcn chloride gas 
The crystalline product was usually rccrystallizcd 
from aqueous ethanol 

Method B — The primarj amine was heated with a 
slight excess of appropriate alkjl halide with or 
without sodium carlionatc for ten to twenty hours 
The mixture was tlicn filtered and the product iso- 
lated cither .as the h\ drocliloride or the free base. 

Method C — The reduction of diticnzjl ketone by 
magnesmm mctlianol (7) or catalytic hydrogenation 
gax-e ptmr returns of dilicnzyl carliinol A 70C( 
x-icld of the alcohol was nbt.iincd using aluminum 
isopropoxidc m tlic Mecrwcin-Ponndorf-I’crlcy 
icactinn 
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Table II — q:-Phenylalkyl-phenylalkylamines 


NHR 

I 

C6H5(CH2)x— CH— (CHj)yC6Hs 

Analyses, %■ 


No 

R 

X 

Y 

M P , 
°C 

Yield, 

% 

pK'a 

Prepn 

Formula 

Carbon 
Calcd. Found 

Hydrogen 
Calcd Found 

1 

CHiC.Hs 

2 

0 

210 

81 

G 8 

A 

Cj 2 H!*N HCl 

78.20 

78.29 

7.10 

7.25 

2 

H 

2 

2 

IGO 

83 

8 8 

a 

CiiHiiN HCl 

74 02 

73.92 

8.04 

8.02 

3 

CHzCeHs 

2 

2 

118 

79 

7 5 

A 

CiiHitN HCl 

78 77 

78 55 

7.44 

7.80 

4 

C2H4C6H6 

2 

2 

159 

91 


B 

CwHs^N HCl 

79 02 

78 87 

7 9G 

8.11 

5 

CsHeCeHs 

2 

2 

88 

75 


A 

CicHiiN HCl V 1 H 7 O 

77 48 

77.35 

8 25 

8.25* 

0 

CH2CeH4-^-OCH3 

2 

2 

147 

92 


A 

C-sHigNO HCl 

75 83 

75 85 

7 64 

7.74 

7 

H 

4 

4 

e 

31 


d 

CiiH-bN 

85 3G 

84 70 

9 89 

9 89 

8 

CH 2 C 6 H 4 fi OCH 3 

4 

4 

98 

03 


A 

CssHjtNO HCl 

77 04 

7G 81 

8.47 

8 80' 


“ Previously reported by Stuhmer and Kaupmann (2) b Calcd N, 3 47 Found N. 3 30 B p 177-178° at 0 7 mm 
4 See Experimental * Calcd N, 3 09 Found N, 3 19 


Table III. — Miscellaneous Related Amines 


Analyses, %- 

Carbon Hydrogen 


No 

Structure 

M P 

Yield 

pR'a 

Prepn 

Formula 

Calcd 

Found 

Calcd 

Found 

1 

(CeHiiCHalaCH-NHCHsCsHi 

208 

7G 

7 7 

A 

C 22 H 3 SN HCl 

75 50 

75 

45 

10 37 

10.20 

2 

(CeHiiCHOjCHNHCjHeCcHB 

120 

40 

7 8 

A 

CiiHssN HCl 

7G 25 

70 

84 

10 07 

10 43" 

3 

(C6Hi,CH2)2CHNHCH5CgH4-/)- 

OCHs 

150 

53 

7 8 

A 

C-sH4iNO HCl 

73 58 

73 

25 

10 38 

10.14 

4 

(1 CioH7CH2)jCHNHCHjC.H6 

238 

75 


A 

CsoHirN HCl 

82 20 

82 

10 

0 44 

6 53 

5 

(C6H6CH2)2CH-NHC2H4< 

230 

G4 


B 

HCl - 

09 84 

70 

12 

0.47 

6 33* 



0 

(C6H6)2CHCHiNHCH2C6H5« 

200 

20 

7 0 

A 

C 21 H 21 N HCl 

77 

87 

77 02 

7 01 

G.86 

7 

(CoH8)!CHCH2NHCH2C«H4 p- 
OCjHn 

217 

02 


A 

C2sH3iNO HCl 

70 

17 

70 23 

7 87 

8 00 

8 

((C6H8CHa)2CHNHCH2C6H40l2- 

238 

40 


A 

C42Hi2Ni02 2HCI 

75 

28 

75.39 

7 26 

0 98 


CjH. 


“ Calcd N, 3 71 Found N, 3 5j * Calcd * N, 6 52 Found N, 0 51 e The primary base was prepared by the 
reduction of diphenylacetonitrile by the method of Benoit, G , Delavigne, R , and Eliopoulo, F , Ann pharm. fra»i., 10, 181 
(1952). 


Dry hydrogen bromide gas was passed into 75 
Gm (0.35 mole) of dibenzj-lcarbinol at 100-120° 
until the gas was no longer absorbed The layers 
were separated. The bromide layer was washed 
with water and sodium bisulfite solution After 
drying over anhydrous calcium chloride, the bro- 
mide was distilled; 60 Gm. (62%), b. p 140-142° 
at 1 mm. 

A solution of 19 Gm. (0.082 mole) of once distilled 
a-benzylphenethyl bromide and 9 Gm. (0 084 mole) 
of benzj’l amine in 150 ml. of absolute ethanol was 
heated at reflux for fourteen hours Upon cooling, 
9 Gm. (32%) of white crystals, m. p 268-269°, 
was obtained This solid was converted to the 
hydrochloride and proved identical to I, 3. 

Penicillin salts. — A solution of one equivalent of 
potassium penicillin G in a minimum of water was 
added, dropwise, with stirring to a solution of the 
hydrochloride salt of the a-benzylphenethylamine 
in a uater- miscible solvent such as alcohol or N,N- 
dimethylformamide The mixture was then 
cooled to separate the crystalline penicillin salt 
The product was usually washed well with water and 
analyzed after thorough drying. Several were re- 
crystallized from aqueous ethanol at room tempera- 
ture. 


a - Benzyl - N - (3 - phenylpropyl) - phenethyl- 
amine (Table I, S). — Recrystallization of the hydro- 
chloride mixture obtained from the reductive alkyla- 
tion of «-benzjdphenethylaraine by cinnamaldehyde 
(Method A) gave considerable quantities of a white 
crj'stalline by-product, m p 245-246°. A satis- 
factory' analytical sample could not be obtained by 
repeated cry'stallization from various alcohols. 

Anal— Calcd. for CnHjsNHCl: C, 79.21; H, 
7.20. Found: C, 78.60; H, 7.59. 

The hydrochloride was neutralized by' shaking m 
ether-sodium hydroxide solution until clear. The 
ether extract was separated, dried, and concentrated. 
Distillation of the residue gave a colorless liquid 
with a distinctive amine odor, b p. 172-173 at 
0,5 mm. 

Awa/.— Calcd for CjiHssN: C, 88 03; H, 7.70; 
N, 4.28. Found; C, 88.18; H, 7 73; N, 4.31. 

This liquid gave positive bromine and potassium 
permanganate tests for unsaturation and appeared 
to be N-f a-benzy'lphenethyl)-cinnamylamine. 

Another preparation of I, 5 using hydrocinnamal- 
dehyde as alkylating agent gave a 62% y'ield of 
saturated base, b p 200-201° at 0.8 mm. A fore- 
run of unreacted aldehy’de was also collected. 
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Table IV. — Penicillin Salts 












— Anal j'sis 









“ u /mg. 

Carbon 

Hydrogen 

Nitrogen 

No 


M P 

Yield 

bi'lity, % 

Calcd 

Found 

Calcd 

Found 

Calcd 

Found 

Calcd 

Found 

1 

I, 3 

121 

94 

0 076 

934 

907 

71 78 

71 28 

6.50 

6 59 

6 61 

6 82 

2 

I, 5 

119 

91 

0 020 

875 

862 

70 46 

70 89 

6 95 

6 95 



3 

I. 9 

116 

95 

0 060 



72 08 

71 26 

6 66 

6 93 



4 

I, 10 

138 

95 

0 022 



72 64 

72 59 

6 79 

6 88 



5 

l’ 11 

116 

90 

0 056 

892 

755 

70 35 

69 16 

6 51 

6 74 

6 31 

6 24 

6 

l' 12 

130 

95 

0 047 



70 66 

71 12 

6 67 

6 34 

6 18 

6 34 

7 

I, 15 

135 

88 

0 038 



70 97 

70 73 

6 S3 

7 05 

6 06 

6 08 

8 

l’ 16 

143 

96 

0 033 



70 97 

70 93 

6 83 

6 99 

6 06 

5 93 

9 

L 17 

134 

95 

0 017 

839 

831 

71 26 

71 25 

6 98 

6 82 

5 94 

6 18 

10 

I, 18 

143 

90 

0 026 



71 26 

71 86 

6 98 

7 39 

5 94 

5 49 

11 

I, 19 

135 

88 

0 012 

823 

731 

71 53 

71 39 

7 12 

7 19 

5 82 

5 99 

12 

I. 21 

135 

85 

0 019 



71 53 

71 38 

7 12 

7 27 

5 82 

5 70 

13 

I, 22 

no 

91 

0 013 



72 78 

73 52 

7 76 

8 02 

5 31 

5 07 

14 

I, 23 

141 

95 

0 009 

800 

758 

72 75 

72 35 

6 51 

6 51 

5 66 

5 51 

15 

I, 24 

130 

76 

0 020 

816 

797 

67 61 

67 70 

6 37 

5 50 

5 77 

5 57 

16 

I, 25 

128 

80 

0 066 



68 09 

68 21 

6 01 

6 18 

6 27 

6 10 

17 

III, 1 

152 

55 

0 031 



70 40 

70.22 

8 25 

8 36 




“ Supplied by Dr John Ehrlich and Mrs Margaret Galbraith 

l> The penicillin salts often nere analyzed without recry .tallization Many iiere noted to contain water by Victor Meyer 


assay 


Anal ~Ca.\cd for GuHejN: C, 87 49, H, 8 26. 
Found C, 87 40, H, 8 32 
Several other salts of I, 5 tvere prepared bj' shak- 
ing the base and appropriate acid in water for several 
hours The salts neie isolated, analyzed, and char- 
acterized, acetate (m p 102°), sulfamate (m p 
159°), lactate (m p 70°), nitrate (m p 137°), 
.and ONalate (m p 206°) 

l-Phenethyl-3-phenylpvopylamme (Table 11,2) — 
The Lcuckart reaction on l,5-diphcnyl-3-pentanone 
(3) gave a 76% yield of colorless liquid, b p 162- 
173° at 1 4-1 8 mm A sample \\ as converted to the 

hydroclilondc (2), m p 157-160° 
5-Phenyl-I-(4-phenylbutyl)-pentylamine (Table 
11, 7) — The Leuckart reaction on l,9-diphcnyl-5- 
nonanone'* gave a 31% yield of yelloiv liquid, b p 
177-178° at 0 7 mm This slightly impure amine 
nas used for further alkylations 

l,3-I>i(a-naphthyl)-2-propanone. — A solution of 
38 8 Gin (0 97 mole) of sodium hydro\ide pellets in 
1,500 ml of uatcr along uith 170 7 Gra (0 97 mole) 
of crude a-naphtbylacctic acid was prepared uitli 
stirnng After filtration, a solution of 71 3 Gra 
tO 485 mole) of calcium chloride dihydrate in 500 
ml of Mater uas added The rai\ture was cooled 
and 155 Gm (78%) of the calcium salt was sepa- 
rated by filtration 

The dried salt (155 Gm , 0 378 mole) nas pon- 
dered and dry distilled to yield a liquid, b p 220- 
280° at 2-5 mm n Inch solidified upon cooling The 
solid nas reerj stallized tnicc from ethanol to give 
5.7 Gm (47%) of fine needles, m p 110-111° 

Anal — Oiled for CuHnO- C, 89 00, H. 5 85 
Found C.S922, H,004 

a-(«-Naphthylmethyl)-a-imphthylethyl8mine. — 
The Lcuckart reaction on the ketone gave a 50% 
yield of colorless crjst.als, from 70% ethanol; 
in p 105-100° Hjdrolysis of the intermediate 
fonnvl derivative nas accomplished by refluxing in 
100 ml of concentrated hydrochloric acid and 200 
ml of ethanol 

.lunf— Oiled for C, 88 71, H, 6 80 

Found: C. 88 74 , H, 0 95 


•A Mcld. b ,1 Iua-ior,° at 0 7-0 8 mm , from tl 
c-itali tic reduction of I.O diphenji 1 .3,0 S nomtclmen Son 


a-Cyclohexylmethylcyclohexylethylamine. — 
A suspension of 211 Gm (10 mole) of a-benzyl- 
phenethylamine in 500 ml of purified diovane with 
5 Gm ruthenium dioxide (8) was hydrogenated at 
130-140° at 1,200-1,400 p s i for eight hours 
The catalyst was removed by filtration and the sol- 
vent evaporated tn vacuo The dark residue was 
distilled to give 158 Gm (72%) of colorless liquid, 
b p 125-126° at 1 4-1 5 mm A sample was re- 
fractionated, b p. 98° at 0 5 mm 
A«af— Calcd for CisHisN: C, 80 65; H, 13 08 
Found. C, 81 21, H, 12 23. 

The hydrochloride nas prepared with hydrogen 
chloride gas in ether. The white solid was recrystal- 
lized from water, m. p 172-173° 

Aim/— Calcd for CoH-sNHCI- C,69 33, H, 11 64, 
N, 5 39, Cl, 13 65 Found: C, 69.08, H, 11 79. 
K, 5 32, Cl, 13.65. 

E, 2-Dibenzy]-3-phenylpropylamine (Table III, 
6) — A solution of 4 0 Gm (0 018 mole) of a-benzyl- 
cinnamaldehyde (9) and 1 9 Gm (0 018 mole) of 
benzylamine in 50 ml of ethanol was heated at 
reflux for one hour The solution was hydrogen- 
ated with 5% palladium-on-charcoal at room tem- 
perature and three atmospheres After filtration 
and evaporation vi lacuo, the residue nas dissolved 
in ether and saturated with dry hydrogen chloride 
gas to give, after recrystallization from methanol, 
2 2 Gm. (35%) of white crj'stals, m p 144-146° 
Ana/— Calcd for CjsHjeClN- C, 78 50, H, 7 45 
Found: C, 78 11; H, 7 46. 
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An Improved Method for the Determination 
of Lanthionine* 

By M. X. SULLIVAN and CHESTER F. MIjALf 


Subsequent to the discovery of cystine by 
Wollaston (1) in 1810 in a urinary calculus, 
a great deal of work was done as to its nature and 
occurrence. Baudrimont and Malaguti (2) found 
that cystine contained sulfur, which previous 
workers had missed. Then Morner (3) isolated 
cystine from the hydrochloric acid hydrolyaate 
of horn. Subsequently, cystine was found wide- 
spread in proteins by a host of investigators. 

Dependent on the method of purification of 
the particular protein, the procedure of isolation 
of cystine, and its determination, great varia- 
tion was found in the cystine content of in- 
dividual proteins. Hoffman (4), in 1925, re- 
ported that hair treated with hot sodium car- 
bonate (1 to 4 per cent) for a short time lost about 
24 per cent of its sulfur. The treated hair was 
identical in appearance with that which bad not 
been treated. However, although the treated 
hair retained about 75 per cent of its original 
sulfur, no C 3 "stine could be isolated from an acid 
hydrolyzate. About the same time Sullivan 
(5), employing his highly specific test for cystine, 
found that grain-curd casein, never in contact 
with alkali, had a higher cystine content than 
Hammarsten casein because the latter had gone 
through a sodium carbonate treatment. Later, 
Sullivan and Hess (6), using the Sullivan c 3 ’'Stine 
test, found that treating various proteins with 
dilute alkali lowered the cystine content, and 
they (7) also found that treatment of insulin 
with P3’ridine lowered the C3’stine content of 
the h 3 Arol 3 ’^zed insulin. The p 3 Tidine treat- 
ment apparentl 3 ' did not affect the ph 3 'siological 
unitage. 

All our work pointed to the conclusion that 
treatment with weak alkali made changes in the 
nature of the protein, especial^' as to the amount 
of C 3 'stine found in an acid h 3 Arol 3 ’zate. 

In the meantime, Kuster and Irion (8) re- 
ported the isolation of a thioether from the acid 
hydroh^zate of wool heated with sodium sulfide. 
Horn, Jones, and Ringel (9) were unable to re- 
peat this isolation, but did succeed in isolat- 
ing a thioether b 3 ' boiling wool in a 2 per cent 

♦Received September 18, 1958, from Georgetown Univer 
sity, Washington, D C 

Taken in part from a thesis submitted by Chester T 
Mijal in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy, Georgetown University, Washing- 
ton, D C 
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N’atick. Mass 


sodium carbonate solution, and hydrolyzing the 
treated wool with 20 per cent hydrochloric acid 
solution. On concentrating the hydrolyzate, 
dissolving the concentrate in absolute ethyl 
alcohol, and adding pyridine to the alcohol 
extract, they obtained a certain amount of a 
thioether which they named “lanthionine" 
and found to be strueturally (COOH-CHNH 2 - 
CH 2 S-CH 2 CHNH 2 -COOH) — a symmetrical thio- 
ether. The structure was confirmed b 3 " du 
Vigneaud and Brown (10) by synthesis of 
»ie 5 o-lanthionine from /-cysteine and methyl 
</,/-a-amino-0-chloropropionate hy^drochloride in 
strongly alkaline solution. Horn and Jones 
(11) then isolated lanthionine from human hair, 
chicken feathers, and lactalbumin, after treat- 
ment with sodium carbonate, and du Vigneaud 
and co-workers (12) found that amorphous 
insulin, similarly treated, yuelded lanthionine. 
Others who have worked on the formation of 
lanthionine in a detailed, comprehensive way are 
Cuthbertson and Phillips (13) and Bindley' and 
Phillips (14). 

Lanthionine resembles methionine in that it is a 
thioether. Baernstein (15) had shown that 
hy'driodic acid containing KH 2 PO 2 (potassium 
hy'pophosphite) converts methionine into the 
thiolactone of homocy'steine, 

CHjSCHjCH.CHNHoCOOH -f- HI = 

p S- 1 

CH.CHjCHNHoC = 0 

Later, Hess and Sullivan (16) considered that 
one mole of lanthionine heated with hy'driodic 
acid should yield 1 mole of cysteine, and de- 
veloped a method for the quantitative determina- 
tion of lanthionine. Lanthionine plus a 57 
per cent solution of hy'driodic acid, reinforced 
with potassium hypophosphite (KH 2 PO 2 ) to 
prevent liberation of iodine, was hy'droly'zed at 
135-140° for four hours under a steady stream 
of nitrogen. A quantitative splitting resulted, 
with rupture of the carbon-sulfur bond of lanthio- 
nine and with the formation of cysteine. 

The Sullivan (15) procedure for the estimation 
of cysteine was then applied. Lanthionine, as 
such, does not react in the Sulliv'an cy'steine or 
cystine reaction, hence, if either of the latter 
compounds is present, it could be determined 
first, after hy'drochloric acid hydrolysis, and then 
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again, following hydrolysis with hydriodic acid, 
which yields only cysteine. The amount of 
lanthionine present would be measured by the 
increase in cysteine found after the hydriodic 
acid hydrolysis {i.e., hydriodic acid hydrolysis 
minus h3'drochloric acid hydrolysis). Multiph'- 
ing the figure for the excess cj’Steine by 1.72 
gives the amount of lanthionine. 

The procedure of Hess and Sullivan for de- 
termining lanthionine is rather long, involves 
two separate hydrolyzates, and requires a special 
hydriodic acid. Accordingly, an investigation 
rvas made as to the possibility of splitting the 
lanthionine by cyanogen bromide, since the latter 
had been used by Cahours (17) to split such thio- 
ethers as dimethj'l sulfide (CH3SCH3) by heat- 
ing the thioether with solid cj'anogen bromide in a 
sealed tube. Cahours considered that the reac- 
tion products were methjd thiocj'anate (CHsSCN) 
and a bromide of trimethjd sulfine [(CH3)sSBr]. 
Later, von Braun and Engelbertz (18) reported 
that the reaction is; 

(CH,).S -h BrCN = CHjSCN -f CHjBr 

and that, as an intermediary product, [(CH3)2- 
CNSBr] may occur. 

In the light of the work by Cahours and espe- 
cially by von Braun and Engelbertz, Sullivan and 
Folk (19) studied the action of cyanogen bromide 
on lanthionine isolated from hair by the procedure 
of Horn, Jones, and Ringel (9). Sullivan and 
Folk found that lanthionine, heated with excess 
sodium cs'anide and c_vanogen bromide, would 
react in the Sullivan cj'steine reaction as cysteine 
does. Lanthionine treated with sodium cyanide 
or cj'anogen bromide {separately) does not give 
the Sullivan cj'steine reaction. Also, when 
cysteine or cystine is similarh' heated with sodium 
cyanide and cyanogen bromide, no evidence of 
cysteine could be obtained. The free amino 
acids arc either dcstro\'ed by the procedure or 
arc changed to some compound not reacting as 
cysteine does. The Sullivan and Folk (19) 
procedure was offered as a test for lanthionine. 

However, the procedure of alternately heating 
thelanthionine-sodinmcvanide-cj’anogenbromidc 
mixture in an open tube is somewhat tedious and 
requires care in manipulation. Accordingh', we 
sought an easier method. Such a method was 
devised and is heroin given. 

EXPERIMENTAL 

Procedure —To ,5 ml of a 0 1 .V hydrochloric 
.icid solution containing 0 0,5-0 5 rag of lanthionine 
in a 20 \ 1,50 rain test tube, add 1 ral of 5fi( sodium 
cyanide solution Shake gently and add 1 ml of 


cj’anogen bromide.* Stopper the test tube and 
heat for five minutes in a water bath held at 70° 
Cool in cold water. To the cooled solution add 1 ml 
of freshly prepared 0.5% aqueous solution of sodium 
l,2-naphthoquinone-4-sulfonate Shake the test 
tube for fort}* seconds and add 5 ral of an alkaline 
sodium sulfite solution (10% of sodium sulfite in 0 5 
A* sodium hydroxide), stopper the tube tightly, and 
place it in the 70° water bath for fifteen minutes 
Then cool in cold water and add 1 ml of freshly pre- 
pared 2% sodium hydrosulfite (NajS-Oi) in 0 5 .Y 
sodium hydroxide. Read the density of the color in 
the Klett-Snmmerson photoelectric colorimeter with 
the aid of the green filter (filter 54). 

Preparation of a Standard Curve — The precision 
and reproducibility of the quantitative lanthionine 
procedure as outlined above were studied Ten 
duplicate samples of lanthionine solution of each 
concentration shown in Table I were run The 
standard deviation and percentage standard de- 
viation were calculated The standard curve is 
shouTi in Fig. 1. 

The reddish color produced fades quite rapidly, as 
may be seen in Fig. 2. Accordingly, after the addi- 
tion of the sodium hydrosulfite, the interval of 
elapsed time before reading the absorbance in the 
Klett-Summerson colorimeter should be the same for 
all tubes. 


Table I. 


mg. 

Av 

Reading 

Sum 

S D 

S D mg 

0 05 

31 

29 

1 78 

±0 002 

0 1 

60 3 

50 

2 36 

±0 004 

0 2 

121 2 

161 

4 31 

±0 006 

0 4 

240 6 

264 

5 41 

±0 009 


Determination of Lanthionine Produced in 
Wool — As a check on the method, a sample of white 
wool of unknown previous treatment (but possibly' 
bleached) was employed Thus 1 Gm of the wool 
in question was boiled for thirty minutes witii 200 
ml. of a 2% solution of sodium carbonate The 
treated wool was filtered on a sintered-glass funnel 
and washed witli 200 ml of distilled water After 
being air-dried, the wool was hydrolyzed with 50 ml 
of 20% hydrochloric acid solution until it no longer 
gave a biuret test. An equal volume of distilled 
water was added, and the solution (which was 
slightly colored) was treated with an iron-free Xorit, 
boiled for two minutes, and filtered on a small 
Buchner funnel. The X'orit was washed with 20 ml, 
of 0.1 N hydrochloric acid, and the wasliings were 
added to the main filtrate Tlie pH of the clear, 
colorless solution was adjusted to 3 5 with 5 N so- 
dium hydroxide added dropwisc with stirring, and 
the solution was transferred quantitatively to a 
200-ml volumetric flask and brought to volume by 
addition of 0 1 A' hydrochloric acid 

The quantitative lanthionine determination was 
made by taking separately (a) a reagent blank {a 
ml. of 0 1 N hydrochloric acid), (b) a hydrolyzate 
blank (1 ml of the wool hydrolyzate plus 4 ml of 0 1 
A' hydrochloric acid); (c) a st.andard control (2 ml 
of standard lanthionine solution containing 0 2 mg. 
of lanthionine plus 3 ral of 0.1 A' hydrochloric .acid); 

‘ The cyanogen bromide is prepared by adding a .5G 
v>JUtiQn of sodium cyanide dropwi'ic to a saturated, aqueous 
solution of bromine until a colorless solution resuU^ 
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MG OF SAMPLE 

Fig 1 — Standard curve, avLrrgj of 10 duplicate 
samples 



and {d) the hj-drolyzate (1 ml of the wool hydroly- 
zate plus 4 ml of 0 1 TV hydrochloric acid) 

To each of the four test tubes was added 1 ml of 
5% aqueous sodium cyanide solution, followed by 1 
ml of the cyanogen bromide solution The tubes 
were stoppered, kept in the water bath at 70° for 
five minutes, and then cooled to 15° in cold running 
water Successive! j', to each tube (with the excep- 
tion of tile hydrol3'Zate blank where water was sub- 
stituted) was added 1 ml of sodium 1,2-naplitho- 
quinone-4-sulfonate solution The test tube was 
stoppered and shaken for fortj^ seconds Then, 5 
ml. of sodium sulfite solution was added to each tube 
and, after being restoppered, the tubes were placed 
in the water bath, kept at 70° for fifteen minutes, 
and cooled to 15° In succession, one ml of the 
sodium hydrosulfite (Nap&Oi) solution was added 
and, after shaking, the absorbance was read imme- 
diateb' 

The following readings were obtained; (a) reagent 
blank 21, (i) hydrolj'zate blank 10, (c) standard con- 
trol 182, and (d) hj’drolj'zate 97. 

The calculations are: (a) standard control minus 
the reagent blank equals 161, and (5) the hj’drolyzate 
minus the sum of the h^'droli'zate blank and the re- 
agent blank equals 66 These results indicate the 
presence of 0 082 mg of lanthionine per ml of the 
wool h\’drol\'Zate, or 1 64% of lanthionine in this 
sample of alkali-treated wool. 

DISCUSSION 

The new procedure presented herein is a better 
colorimetric method for the quantitative determina- 


tion of lanthionine, since it is performed more easiU 
and obej’s Beer’s law over a wide range. It is some- 
what different from that of Sullivan and Folk who, 
by strong heating, split the carbon-sulfur bond with 
the formation of a free sulfhydryl group (-SH), as 
shown by a positive nitroprusside test and by the 
cysteine estimated by the Sullivan cysteine reaction 
performed at room temperature. In the new reac- 
tion, no sulfhj'drjd (-SH) group is brought into play 
since the nitroprusside reaction is negative. Also, 
whereas Sullivan and Folk developed a color reaction 
at room temperature, the new procedure gives no 
color at room temperature on addition of the sodium 
cyanide, naphthoquinone derivative, and alkaline 
sodium sulfite solution In short, the color only de- 
velops, with these reagents, on heating at 70° 

The specificity of the new lanthionine reaction is 
good. Related thioethers, such as thiodiglj’colic 
acid (COOHCH;SCHeCOOH), methionine (CH,S- 
CHe-CH.CHNH 2 COOH),andcvstathionine(COOH- 
CHNHjCHeCHiSCHjCHNHoCOOH), treated with 
sodium cyanide and cyanogen bromide, gave 
no color Free cysteine and free cystine are 
oxidized at once by cj’anogen bromide and no longer 
give a nitropiusside reaction with or without sodium 
cj'anide and became negative in the regular Sullivan 
reactions for cysteine or cystine 

Based on the work of von Braun and Engelbertz 
( 18), it is possible that, in the lanthionine treatment, 
there is first foimed a comple.\ such as: 


COOH— CHNHoCH. CN 

\ / 

S 

/ \ 

COOHCHNHeCH. Br 


which split into COOH-CHNH.CHjBr and COOH- 
CHNHjCH.SCN The RSCN complex, on heating 
to 70° with sodium cj'anide, the naphthoquinone 
derivative, sodium sulfite, and alkali, would be con- 
verted to a disulfide as suggested by the findings of 
Kaufmann (20) in the case of thiocj'anates of fattj’ 
acids However, the full e.xplanation of the lan- 
thionine reaction has not been ascertained 
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Amine Derivatives of Cyanuric Chloride IV* 

Catalytic Hydrogenolysis of Aromatically-Bound Chlorine 

By WILLIAM O. FOYE and MELVIN H. WEINSWIGf 


A method has been found whereby arotnatically-bound chlorine may be reduced 
from cyanuric chloride derivatives. This involves catalytic hydrogenolysis with 10 
per cent palladium-on-charcoal at atmospheric pressure. A series of mono- and 
diamino-r-triazines was prepared by this procedure without rupture of the r-triazine 
or other aromatic rings. Two of the diamino-r-triazines caused decreases of blood 
glucose in rats but showed no diuretic activity in dogs. 


C yanuric chloride is a convenient inter- 
mediate for the preparation of mono-, di-, 
or tri-substituted s-triazines, since stepwise 
replacement of the three chlorine atoms is pos- 
sible (l). If a method were available where the 
unreacted chlorine atoms could be removed from 
the monoaminodichloro or diaminomonochloro 
derivatives so obtained, a simple means of 
preparing monoamino-j-triazines and diamino- 
j-triazines, or formoguanamines, would be avail- 
able. Lipschitz and Hadidian (2), Clauder and 
Bulcsu (3), and Shapiro, et al. (4), have shown 
fonnoguanamine and its derivatives to be power- 
ful diuretics. Their compounds, however, were 
obtained by rather tedious cyclization procedures 
which were unsuitable for preparing a number of 
triazine derivatives including the aminopyridyl 
and aminothiazolyl. Modest (5) has also de- 
pended upon a cyclization procedure to obtain 
aminodihydro-r-triazines which showed anti- 
vitamin, antimalarial, and antitumor activities. 

Various attempts have been made to remove the 
chlorine atoms from cyanuric chloride derivatives 
to achieve a more convenient synthesis of mono- 
and disubstituted-5-triazines. Hirt, Nidcckcr, 
and Berchtold (C) reported the reduction in 
very small ydclds of 2-alkylainino-4,G-dichloro- 
s-lriazincs to 2-alkylamino-s-triazincs using a 
palladium-on-charcoal catalyst. This is the 
only instance in the literature of the successful 
catalytic reduction of an r-triazine. Grundmann, 
cl al. (7), and Burger and Hornbaker (S) were 
unable to hydrogenolyze the chlorines of cyanuric 
chloride using nickel and noble metal catalysts. 
The latter found also that the reduction of 
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cyanuric chloride with lithium aluminum hydride 
gave only 2-dimeth_vlamino-4,G-dichloro-s-tria- 
zine, which they rationalized as occurring through 
hydrogenolysis of the ring to form dimethyl- 
amine which then reacts with unchanged 
cyanuric chloride. Chafetz (9) later supported 
this hypothesis by isolating dimethylamine 
from this reaction. Grundmann (10) has ex- 
plained the failuies of catalytic hydrogena- 
tion attempts by showing that s-triazine is a 
powerful noble metal catalyst poison. 

The catalyst selected for the present attempt 
toward removal of ring-halogen from aminochloro- 
i-triazines by hydrogen was a commercially 
prepared 10 per cent palladium-on-charcoal 
catalyst previously found suitable for reduction 
of amino acid chlorides to amino aldehydes (11). 
It was successful in catalvzing the removal of 
chlorine from cyanuric chloride derivatives with 
out rupture of the 5-triazine ring, and the yields 
of amino-s-triazines obtained ranged from 28 
to 82 per cent. The reactions were carried out 
at atmospheric pressure and temperatures of 
60-80° by bubbling hydrogen through a suspen- 
sion of the catalyst and either a solution or sus- 
pension of the chloro-j'triazine. The hydrogen 
chloride formed was hound by the amino-x- 
triazine, and excess hydrogen chloride could be 
titrated in the evolved gases. That other 
aromatically-bound halogen is removed by this 
procedure is shown by the loss of the chloro 
group from the ^-chloroanilino substituents. 
The physical properties of the products obtained 
by this procedure are recorded in Table I. 

Some difficulties with elemental analyses were 
encountered with these compounds as has been 
noted with other j-triazine derivatives (12). 
In these cases, which are probably due to de- 
poliTuerization to cyanogen which reacts with 
the copper o.xide in the combustion lube, analysis 
for ionizablc chloride by the I'olhard procedure 
generally gave results approximating the theoreti- 
cal. Water determinations by loss of weight 
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Table I. — ^Amino-5-triazines 


R' 



N N 

Rj/ 


R' 


R» 

Yield, 

% 

M p ®C 

Formula 

Analyst 

Calcd 

JS. % 

Found** 

NHz HCI 

NHj 

H 

44 

>300 

CiHeNsCl 

C 

24 41 

24 46 







H. 

4 10 

4 25 

NH— (CHj)!— NH— 

NH— {CH2)3— NH— 

H 

82 

113-1 If) 

CijHsiNtOiCI 

C 

38 25 

37 81 

CO 2 C 2 HS HCI 

COjC2Hs 




2H30 

H 

6 93 

6 87 







H:0 

8 7 

8 O'" 

NH— CeHs HCF 

H 

H 

JO 

250-252 

CgHaNiCl 

Cl 

17 02 

10 do'^ 

NH— CeHs HCF 

NH— CeHs HCI 

H 

28 

>300 

C.sHisNsCI: 

Cl 

21 13 

20 84 

NH" HCF 

NH— CeHs HCI 

H 

74 

170-173 

CbHiiNsCI: 

Cl 

27 54 

27 11 

NH— % 2HC1 

H 

H 

35 

238-241 

CsHaNsCli 

c- 

30 92 

30 19 






4 H 2 O 

H 

5 35 

5 35 







H 2 O 

22 G 

22 2 

NH— ^ \ HC] 

NH— \ 

H 

32 

219-220 

CuHuNtCI 

C 

42 71 

40 09 






4HiO 

H 

5 71 

5 62 







Cl 

9 52 

9 47 







HjO 

19 3 

19 8 



H 


H 47 >300 CjHeNsSCl Cl 10 51 10 45 


NH — •> HCI 

C02C:Hs 
\ / HCI 

CO.C-Hs 
\ / HCI 


NH— 


H 

33 

>300 

CsHeN7S:Cl 

Cl. 

11 18 

10 99 










H 


H 

77 

220-222 

CipHjsNsO^CI 

C 

43 92 

43 91 







H 

5 87 

G 22 










N 

N— COiC2H6 

H 

30 

294-295 

CiiHssN OiCI 

C 

48 71 

48 95 

\_ 

_/ 





H 

G 54 

6 70 


“ The melting points uere taken on a Fisher Johns block and are uncorrected 

6 The carbon-hydrogen analyses were obtained from the Weiler and Strauss Microanalytical Laboratory, Oxford, England 
^ Measurements of ^vate^ content were done by determining loss of weight at 100® tw vacuo (2-5 mm ) over phosphorus pen 
toxide 

d Determinations of lonizable chloride were done by the Volhard method 
« The p chloroanilino groups in these compounds were reduced to anilmo groups 


after vacuum drying were also carried out w’here 
indicated. 

BIOLOGICAL RESULTS 

Three of the diamino-i-triazines were tested at the 
Lilly Research Laboratories for diuretic and blood 
glucose effects These compounds, 2,4-bis-(2'-car- 
betho\yaminoethylamino)-r-triazine hydrochloride, 
2,4 bis-anilino-j-triazine dihydrochloride, and 
2,4-bis-(4'-carbetho\-ypiperazino)-j-triazine hydro- 
chloride showed no significant diuresis when tested 
orally in dogs at dose lev^els of 5-20 mg /Kg The 
bis-amlino derivative caused an 18 mg % decrease in 
blood glucose, lasting less than three hours, at a dose 


of 250 mg /Kg in rats, p o , and the bis-carbetho\y- 
piperazin3d derivative caused a 14 mg % decrease in 
blood glucose in seven hours at the same dose level 
in rats The third s-triazine showed no effect on 
blood glucose at this level. 


EXPERIMENTAL 

Aminochloro-s-triazines. — 2,4-Diamino - 6 - chloro- 
i-triazine was supplied by the American Cyanamid 
Co 2-Chloro-4,6-bis-(2 '-carbethoxyaminoethyl- 

amino)-s-triazine was prepared by Dr. Lester 
Chafetz (12d) 2,4-Dichloro-6-(2'-pyridylamino)-r- 

triazine, 2-chloro-4,6-bis-(2'-pyridylamino)-r-tria- 
zine, 2 4-dichloro-6-(2'-thiazolylamino)-r-triazine, 
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and 2-chloro-4,6-bis-(2 '-thiazolylamino)-x-triazine 
were prepared according to Foye and Buckpitt (13). 

2 - (4' - Carbethoxypiperazinyl) - 4,6 - dichloro - r - 
triazine and 2,4-bis-(4'-carbetho.\-ypiperazm5'l)-6- 
chioro-s-triazine were prepared according to Foye 
andChafetz(12d). 

2,4 - Dichloro - 6 - p - chloroanilino - r - triazine 
was prepared according to Cuthbertson and Moffatt 
( 14). 2-Chloro-4,6-bis-(/)-chloroanilino)-5-triazine 
and 2 - amino - i - p - chloroanilino - 6 - chloro - s - 
triazine were prepared by the general procedure of 
Thurston {12a). The fiist of these two compounds 
was a white powder which melted at 243-245° and 
was obtained in 92% yield. 

/Iwa/.— Calcd.forC.sH.sNsClj; C, 49.21; H, 2.79. 
Found: C, 48.87; H, 2.93. 

The latter compound, 2-amino-4'/'-chloroaniUno- 
6-ehloro-i-triazine, was prepared by forming a slurry 
of cyanuric chloride (5.0 Gm., 0.027 mole) in 60 ml. 
of water and 60 ml. of dioxane at 0-5° and adding 
slowl 3 ' a solution of J)-chloroaniline (3.5 Gm., 0.027 
mole) in 50 ml. of dioxane. An e.xcess of aqueous 
sodium bicarbonate was added gradually, and the 
reaction mixture was stirred at 0-5° for two hours. 
To this slurry was then added 4.3 ml. (0.027 mole) 
of ammonia water, and the temperature was raised 
to 40-50°. The reaction mixture was stirred at this 
temperature for two hours, and the precipitate was 
filtered, washed free of chloride ion with ice water, 
and pressed as dry as possible. The product was 
dried overnight at 00°. After being washed with 
hot alcohol and redried overnight at 60°, 5.4 Gm. 
(78%) of a fine, white powder was obtained which 
decomposed at 200°. 

A«a/.— Calcd. for C,H,NXl 2 : 0,42.34; H, 2.77. 
Found; 0,41.93; H,2.90. 

Amino-x-triazines — The following is representa- 
tive of the reduction procedure. 2,4-Diamino-6- 
chloro-J-triazine (6.0 Gm., 0.04 mole) was dissolved 
in 200 ml. of propylene glycol (95% ethanol was 
suitable for the other compounds reduced) witli 
heating. The solution was placed in a three-necked 
flask fitted with a mechanical stirrer, an inlet tube 
for hydrogen, and an outlet tube for the hj’drogen 
and other gases not absorbed b\' the amino-j-tri- 
azines. Six grams of 10% palladiura-on-charcoal 
(American Platinum Works, Newark, N. J.), dried 
at 60°, was added to the solution and the tempera- 
ture of the mixture was maintained at 70-78° during 
the reaction. Hydrogen was then passed into the 
stirred mixture for four hours. The evolved gases 
were bubbled through 0.2 N sodium hj-droxide solu- 
tion containing phenolphthalcin to detect any hj-dro- 
gen chloride or hydrogen cj-anidc liberated. The 
mixture, while still warm, was filtered to remove the 
catalyst. 

The resulting solution was distilled under reduced 
pressure to give a residue of 2.7 Gm. (44%) of white 
2,4-diamino-s-lriazinc hydrochloride which did not 
melt below 300°. The product, unlike the starting 
material, was soluble in alcohol, slightly soluble in 


water, and gave a positive test for ionizable halogen. 
Reciystallization of the products was generally suc- 
cessful from alcohols or petroleum ether-alcohol solu- 
tions. 


SUMMARY 


1. Mono- and diamino-x-triazines have been 
prepared in good yield by catalytic hydro- 
genolysis of halogen in the corresponding cj’-anuric 
chloride derivatives using 10 per cent pal- 
ladiuin-on-charcoal. The method appears to 
be general, without causing rupture of the x- 
triazine or other heterocyclic rings, but suffers 
from the disadvantage that other aromatically- 
bound halogen is also removed. 

2. The following new x-triazines were pre- 

pared and characterized: 2-chloro-4,6-bis-(/>- 
chloroanilino) , 2-amino-4-p-chloroanilino 6- 

chloro, 2,4-diamino hydrochloride, 2,4-biS'(2'- 
carbethoxyaminoethylamino) hydrochloride, 
2-amlino hydrochloride, 2,4-dianilino dihydro- 
chloride, 2-amino-4-anilino dihydrochloride, 2- 
(2'-pyridylamino) dihydrochloride, 2,4-bis-(2'- 
pyridylamino) hydrochloride, 2-(2'-thiazolyla- 
mino) hydrochloride, 2,4-bis (2'-thiazolylamino) 
hydrochloride, 2-(4'-carbethoxypiperazinyl) hy- 
drochloride, and 2,4-bis-(4’-carbethoxypipera- 
zinyl) hydrochloride. 

3. Three of the diaraino-x-triazines were 
tested for oral diuretic activity and showed no 
significant effects. The bis-anilino and bis- 
carbethoxypiperazinyl derivatives caused de- 
creases in blood glucose in rats, however. 
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Determination of Rotenone in Pharmaceuticals * 

By JACK T. BRYAN and WARREN R. LINCOLN 


A procedure in which chloroform was used to 
extract rotenone from a pharmaceutical mix- 
ture has been described. A colorimetric 
assay for rotenone was adapted for use as an 
analytical tool in product development. Both 
moisture and heat of reaction were shown to 
be detrimental in the development of the 
color for assay. 

' I 'he discovery by Gross and Smith (1) that 
rotenone will react with sodium nitrite to give 
a stable red color under certain conditions has 
serv^ed as a basis for the development of a colori- 
metric assa 3 \ The method consisted of treating 
an acetone solution of rotenone with alcoholic 
potassium hydroxide and then acidifying with 
dilute nitric acid containing sodium nitrite. 
Goodhue (2) reported that this procedure was not 
entirely satisfactory because of an intense yellow 
background caused by the reagents. The con- 
dition was presumably obviated by Goodhue (2) 
by substituting sulfuric acid for nitric acid, by di- 
luting the potassium hydroxide with water, and 
adding sodium nitrite with the alcoholic po- 
tassium hydroxide. In 1945, Jones (3) made fur- 
ther modifications to this later procedure in an 
attempt to obtain increased precision. It was re- 
corded by Jones (3) that purity of the alcohol used 
to prepare alcoholic potassium hydroxide was im- 
portant. Alcohol which had been distilled after 
refluxing with zinc and potassium hydroxide did 
not give background color. The temperature at 
which the red color was developed was shown to 
be of prime importance as well as the manner in 
which the acid was added to the alkaline solution 
of rotenone. 

The colorimetric procedure for rotenone is not 
specific since the color can be developed with de- 
guelin, dihydrorotenone, and other related com- 
pounds. The analytical methods reported above 
relate primarily to the assay of rotenone in agri- 
culturally used insecticides. Our immediate con- 
cern was the need to adapt this method to the 
analysis of rotenone, in pure form, in pharma- 
ceutical preparations containing several other ac- 
tive ingredients and vehicle components of the 
usual emulsion type. These pharmaceuticals are 
intended to be used in veterinary medicine for the 
treatment of certain dermatoses. Several modi- 
fications were made in the colorimetric determina- 
tion reported by Jones (3) making it useful for 
such pharmaceutical products. 


* Received March 27, 1959, from the Veterinary Research 
Laboratories of The Upjohn Co.. Kalamazoo, Mich. 


EXPERIMENTAL 

Materials, — (a) Sodium nitrite solution: One 
gram sodium nitrite was dissolved in 10 cc. of water 
and diluted to one liter with 95% ethyl alcohol. (6) 
Potassium hydroxide, 40% solution: forty grams 
potassium hj'droxide was dissolved in approximately 
80 cc. of water, and after cooling, diluted to 100 cc. 
with water, (c) Alkaline sodium nitrite solution: 
one volume of 40% potassium hydroxide solution 
was mixed with 7 volumes of sodium nitrite solution. 
(d) Sulfuric acid, 9 N: free from nitrous acid, (c) 
Acetone, U. S. P. (/) Chloroform, U. S. P. 

Apparatus. — Beckman, Model B, spectropho- 
tometer with 1-cm. cells, water bath adjustable to 
28° ± 0.5°. 

Procedure. — An accurately measured sample con- 
taining approximately 1 mg. of rotenone was trans- 
ferred to a 60-cc. separatory funnel. Distilled water 
was added to make a total volume of 5 cc. To this 
aqueous mixture was added 10 cc. of chloroform and 
the extraction carried out by shaking for several 
minutes. After the two phases separated, the 
chloroformic phase was separated and filtered 
through a pledget of glass wool into a 100-cc. volu- 
metric flask. The extraction was carried out three 
times, after which the combined extracts were diluted 
to 100 cc. Several grams of dried sodium sulfate 
were added and the flask shaken, then allowed to 
stand for one hour. 

A 10-cc. aliquot of the chloroformic extract was 
placed in a 25-cc. glass-stoppered Erlenmeyer flask. 
The chloroform was evaporated on a steam bath 
after which the flask was placed in a vacuum desicca- 
tor containing calcium chloride for a minimum of 
one hour. After drying, 2 cc. of acetone was added 
to the residue and the flask swirled gently until 
complete solution was effected. 

A standard was prepared containing 100 pg. of 
rotenone in 2 cc. of acetone. A blank containing 
only 2 cc. of acetone was prepared and these were 
carried through the remaining procedure with the 
samples. 

The flasks containing the sample, standard, and 
blank were placed in a constant temperature bath 
at 28° ± 0.5°. At the end of five minutes, 2 cc. of 
of alkaline sodium nitrite reagent was added and 
the flasks swirled to insure proper mixing. After 
reacting for five minutes, the flasks were removed 
to an ice bath, chilled for approximately one min- 
ute, and 5 cc. 9 N sulfuric acid was added rapidly 
from a volumetric pipet. Each flask was swirled 
vigorously^ until any solid w-hich precipitated after 
the addition of the acid was dissolved. The flasks 
were then placed in the constant temperature water 
bath at 28° ± 0.5° for fifteen minutes. After the 
fifteen-minute interv-al, the color was read in a spec- 
trophotometer at 545 ra/i, using the blank to set 
the instrument. Samples which were cloudy were 
filtered through No. 5 Whatman filter paper before 
reading the color. 

Calculations. — The rag./ml. of rotenone in the 
sample was calculated according to the following 
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formula mg /ml rotenone = (A\/Ast) X {Si/d) 
where A\ — obsen’ed absorbence of sample, Ast — 
observed absorbence of the standard. Si = mg of 
rotenone m standard, and d = dilution of sample 
Results. — The establishment of an optimum 
working range for the sample size was earned out 
by observing that samples of rotenone from 50 
tig to 200 tig follow Beer’s law A sample size 
of 100 MS was found to give a desirable color in- 
tensity The stability of developed color with 
respect to time can be seen m Table I The red 
color appears to be stable for a period of thirtj to 
si\ty minutes at room temperature after develop 
ment 


Table I — Stabilitv' of Color, Ah,;. 


Time mm 

Si 

S' 

Si 

10 

342 

350 

350 

15 

342 

352 

352 

30 

339 

350 

350 

60 

334 

348 

347 

120 

327 

338 

338 


The graph in Fig 1 shows that the length of time 
for the development of color bj' the alkaline sodium 
nitrite is critical and the range of five minutes re- 
corded in the literature (3) is within the range found 
in our laboratory 

Jones (3) has recorded that lowering the temper- 
ature of the alkaline nitrite mixture just prior to 
the addition of sulfuric acid increases the sensitivitx 
of the color reaction However, no investigation of 
the degree of sensitivitj increase was recorded using 
an lee bath Table II show s that the color intensitj 
of tlie reaction is significant!}' increased by chilling 
for one minute just prior to the addition of sulfuric 
acid After a cooling period of ten minutes, the 
color intensity decreases 


Table II — ErrscT or Chilling Xitrite Mixture 
Prior to Addition of Sulfuric Acid, /1ms 


Time mtn 

Si 

S; 

s* 

0 (no chilling) 

396 

400 


1 (chilling) 

470 

472 

474 

10 (chilling) 

459 

459 

461 


111 an attempt to further eliminate interfering vari- 
ables, the eficct of moisture in the final sample on 
the color inteiisiti was studied It was found that 
a greater degree of precision could be obtained be- 
tween samples if the chloroformic extract containing 
the rotenone w .is dried o\ er sodium sulfate before the 
.ihquot for eiaporation was renioied After the 
cxapor.ition of chloroform, the fl.ask coiitaimng the 
residue w is placed m a \acuum desiccator for one 
hour Table HI shows the results 


Table III — Effect of Moisturf is SAXirLPS, /Ists 



Vortalion 


VanaUon 


from 



Xo nr\utK 

A\ crage ^ 

Dried 

Aicragc '7, 

339 

-f-14 I 

300 

<0 1 

2G4 

-11 1 

SOS 

<0 1 

270 

-9 3 

3U 

-ho 2 

2S.i 

-4 7 

300 

<0 1 

330 

-m 1 

310 

<0 I 



TIME/MINUTES 


Figure 1 

Table IV further substantiates our findings that 
moisture m the final assax mixture causes a loss of 
precision and accuraev These samples were as- 
sax'ed, either dry or with moisture present, then in- 
crements of rotenone were added and the samples 
reassayed for total amount of rotenone 


Table IV — The Effects of Moisture on the 
Determination or Rotenos'e 


Sample 

Found 
mg /ml 

Added 
mg /ml 

Total 

Found mg 

Recovered 

A moist 

625 

0 50 

1 214 

117 7 

A dried 

812 

0 50 

1 328 

103 2 

B dried 

061 

1 00 

1 655 

99 4 

C moist 

284 

0 50 

0 571 

57 2 

C dried 

262 

0 50 

0 773 

101 8 

D moist 

473 

0 50 

0 925 

90 4 

D dried 

519 

0 50 

1 013 

98 8 


Table V shows the results and standard deviation 
of a number of extractions and rotenone determin- 
ations using the method prei louslv outlined This 
table also shows that it was quite possible to quan- 
titatix ell extract rotenone from a tj pical lotion-tj pc 
pharmaceutical 


Table V — Determination or Rotenos'e in a 
Pharmaceutical Mixture 


Sample 

Tbeor} , 
mg /ml 

Found 
mg /m! 

Tfaeorj , ^ 

1 

1 04 

1 04 

100 

<> 

1 04 

1 02 

98 

3 

1 04 

1 00 

96 

4 

1 04 

1 05 

101 

5 

1 04 

1 03 

99 

6 

1 04 

1 00 

102 

7 

1 04 

1 02 

98 

8 

1 04 

1 03 

99 

9 

1 04 

1 03 

99 

10 

1 04 

1 02 

98 

11 

1 04 

1 02 

98 

12 

1 04 

1 01 

97 

13 

1 04 

1 02 

98 

Standard 
del lation 


1 03 ± 0 02 

99 ±2 


SUMMARY AND CONCLUSIONS 

-A-n extraction procedure in which chloroform 
reinox'ed rotenone and other materials from an 
emulsion type lotion has been described The 
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chloroform-soluble ingredients of the emulsion, 
polyoxyl 40 stearate, glyceryl monostearate, and 
active constituents, did not appear to interfere 
with the subsequent color development of the 
assay. The following conclusions were reached: 
It was possible to extract rotenone from a typical 
pharmaceutical mixture of ingredients for exter- 
nal use in veterinary medicine; drying the ex- 
tracted sample prior to color development pro- 


duced a more stable and reproducible color reac- 
tion ; and the use of an ice bath for a short chilling 
period to dissipate the heat of reaction caused by 
the addition of sulfuric acid increased the sensi- 
tivity of the color reaction. 
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The Effect of Mescaline and Yohimbine on the 
Respiration of Rat Brain Homogenate* 

By PAUL SHATZKO and S. K. SIM 

By manometric method using conventional Warburg apparatus, the oxygen uptake 
of rat brain homogenate in glucose, glutamate, and succinate was found to be in- 
hibited by mescaline and yohimbine. Yohimbine inhibited the brain homogenate’s 
respiration in glucose considerably more than it did the respiration in glutamate and 
in succinate. Mescaline inhibited the homogenate’s oxygen uptake in glucose, 
in glutamate, and in succinate to a similar degree, when the drug and the substrate 
were added to the brain homogenate at the same time. This is in contrast to the lack 
of mescaline inhibition of the succinate respiration of chopped brain preparation 
which was incubated with the drug for two and one-half hours before addition of 
substrate, as reported by previous investigators. 


’’ I 'he in vivo effects in experimental animals and 
in man of psychotomimetic agents including 
mescaline and yohimbine have been reported and 
reviewed in recent years (1, 2, 3). Various in- 
vestigators have also reported the effect of such 
agents on the respiratory activity in vitro of brain 
preparations of different animals (3, 4). Quastel 
and MTieatley (4) found that mescaline and cer- 
tain other amines inhibited the oxygen uptake of 
rat brain (chopped whole brain) in glucose, pyru- 
vate, glutamate, and in lactate, but not in sodium 
succinate. This was later confirmed by Schueler 
(5) using the same method, that is, by incubating 
the chopped brain preparation with the drug for 
two and one-half hours before adding the respi- 
ratorjf substrate in question. Schueler (5) and 
Stevenson and Sanchez (6) showed the antidotal 
effect of sodium succinate on mescaline psychosis 
in humans. Schueler (5) pointed out the rather 
quick onset of the in vivo effect of mescaline in the 
humans and that it was difficult to correlate it 
with the in vitro results they obtained on the brain 
preparation. 

* Received October 31, 1958, from the research laboratories 
of the Faculty of Pharmacy, University of British Columbia, 
Vancouver 8, Canada. 

This investigation was supported in part by a grant from 
the Canadian Foundation for the Advancement of Pharmacy. 

Part of this work was presented at the otb Canadian Con- 
ference on Pharmaceutical Research, Edmonton, Alta., 
August 1958. ... • 1 

The nitrogen determinations were made w»th the technical 
assistance of C. Mezei and I. C. Caldwell. 


In the experiments to be reported here, we in- 
vestigated the effect of mescaline and jmhimbine- 
on the oxygen uptake of rat brain homogenate, 
using glucose, glutamate, and succinate as res- 
pirator)^ substrates, when the substrate and the 
drug were added to the brain preparation at the 
same time. 

MATERIALS AND METHODS 

Wistar albino rats weighing 180-230 Gm. were 
decapitated, the brain quickly removed, weighed, 
rinsed in buffer, and homogenized with a motor- 
operated Teflon pestle in a glass tissue grinder in 
Krebs-Ringer phosphate buffer, pH 7.3 (7). The 
tissue grinder and the buffer solution were chilled 
immediately before use. The final homogenate 
was made up with the buffer to 10% w/v with re- 
spect to the fresh weight of the brain tissue. O.xygen 
uptake was measured by conventional Warburg 
apparatus at 38°. Each Warburg reaction vessel 
contained 1 ml. of the brain homogenate, a substrate, 
with or without the drug, all dissolved in the same 
buffer and with a total volume of 3 ml. The center 
well contained 0.2 ml. of 20% KOH absorbed on 
filter paper strip. The gas phase was air. The 
substrate and the drug were tipped in from separate 
side arms of the reaction vessel at zero time after 
fifteen-minute equilibration in the constant tem- 
perature bath. In each experiment 5-8 vessels 
contained the homogenate, substrate, and the drug, 
and a similar number of vessels contained homogen- 
ate and substrate without the drug. Manometric 
readings were taken at first at five-minute and sub- 
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sequently at ten-minute inten'als up to ninety min- 
utes. 

The substrates used were glucose (0.033 j\/), sod- 
ium glutamate (0.2 M), and potassium and sodium 
succinate (0.03 M). The drugs used were mescaline 
hydrochloride (0.03 M, 0.09 jI/, and 0.18 M), and 
yohimbine hydrochloride (0.005 M and 0.0073 Jl/). 
All concentrations of substrates and drugs refer to 
the final concentration in the reaction mixture. 

Nitrogen content of the homogenate was deter- 
mined as total nitrogen by a micro-Kjeldahl method 
modified from those of Ballentine and Gregg (8) and 
of Pepkowitz and Shive (9). 

The rate of o.xygen uptake, Qo 2 , was based on the 
rate of the first forty minutes after zero time and 
calculated as >il. of oxygen per hour per rag. N. In a 
few cases, as indicated in the results, the rate of oxy- 
gen uptake was calculated as id. of oxygen per hour 
per ml. of homogenate. 

RESULTS 

The oxygen uptake figures, at different time inter- 
vals, by 1 ml. of the brain homogenate in the pres- 
ence of the substrate with and without the drug are 
plotted in Figs. 1, 2, and 3. Each oxygen uptake 
figure, in nk. is the mean of figures obtained from 
5-18 reaction vessels in several typical experiments. 
Table I lists the rates of oxygen uptake as^l. of oxy- 
gen per hour per mg. of nitrogen except for those 
otherwise indicated as being pi. of oxygen per hour 
per ml. of homogenate. Although the brain homog- 
enates used in different experiments on different 
days had different nitrogen contents ranging from 
1.4 to 2.3 rag. N per ml. of homogenate, comparisons 
of the rates of oxygen uptake in the presence of any 
particular substrate with the drug and without the 



Fig. 1. — The effect of different concentrations of 
mcscaliue on oxygen uptake of rat brain homogenate 
in glutamate. A— glutamate (0.2 .V); B, C. D— 
glutamate 0.2 ^f with mescaline 0.03 M, 0.09 
and O.IS .If, respectively. 



Fig. 2. — The effect of mescaline on oxygen uptake 
of rat brain homogenate in succinate, glutamate, 
and glucose. A — potassium succinate (0.03 (If); 
A' — succinate -F mescaline (0.18 ilf); B — glutamate 
(0.2 i/); B' — glutamate -f mescaline (0.18 9/); 
C — glucose (0.033 ilf’): C' — glucose -f mescaline 
(0.09 M). 



Fig. 3. — The effect of yohimbine on oxygen up- 
take of rat brain homogenate in various substrates. 
A — succinate (0.03 df); A' — succinate -f yohimbine 
(0.0073 df): B — glutamate (0.2 df); B' — gluta- 
mate, -1- yohimbine (0.0073 d/); C — glucose (0.033 
il); C' — glucose -F yohimbine (0.0073 df). 

drug were made on the same batch of homogenate 
used on the same day. Therefore, the percentage 
of inhibition of rate of oxygen uptake by the drug 
would be the same whether this is calculated by 
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chloroform-soluble ingredients of the emulsion, 
polyoxyl 40 stearate, glycer 3 ’'l monostearate, and 
active constituents, did not appear to interfere 
with the subsequent color development of the 
assay. The following conclusions were reached: 
It was possible to extract rotenone from a tj^pical 
pharmaceutical mixture of ingredients for exter- 
nal use in veterinary medicine; drying the ex- 
tracted sample prior to color development pro- 


duced a more stable and reproducible color reac- 
tion ; and the use of an ice bath for a short chilling 
period to dissipate the heat of reaction caused by 
the addition of sulfuric acid increased the sensi- 
tivity of the color reaction. 
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The Effect of Mescaline and Yohimbine on the 
Respiration of Rat Brain Homogenate* 


By PAUL SHATZKO and S. K. SIM 

By manometric method using conventional Warburg apparatus, the oxygen uptake 
of rat brain homogenate in glucose, glutamate, and succinate was found to be in- 
hibited by mescaline and yohimbine. Yohimbine inhibited the brain homogenate’s 
respiration in glucose considerably more than it did the respiration in glutamate and 
in succinate. Mescaline inhibited the homogenate’s oxygen uptake in glucose, 
in glutamate, and in succinate to a similar degree, when the drug and the substrate 
were added to the brain homogenate at the same time. This is in contrast to the lack 
of mescaline inhibition of the succinate respiration of chopped brain preparation 
which was incubated with the drug for two and one-half hours before addition of 
substrate, as reported by previous investigators. 


^ I 'he in vivo effects in experimental animals and 
in man of psychotomimetic agents including 
mescaline and yohimbine have been reported and 
reviewed in recent years (1, 2, 3). Various in- 
vestigators have also reported the effect of such 
agents on the respiratory activity in vitro of brain 
preparations of different animals (3, 4). Quastel 
and VTieatley (4) found that mescaline and cer- 
tain other amines inhibited the oxygen uptake of 
rat brain (chopped whole brain) in glucose, pyru- 
vate, glutamate, and in lactate, but not in sodium 
succinate. This was later confirmed by Schueler 
(5) using the same method, that is, by incubating 
the chopped brain preparation with the drug for 
two and one-half hours before adding the respi- 
ratory substrate in question. Schueler (5) and 
Stevenson and Sanchez (6) showed the antidotal 
effect of sodium succinate on mescaline psychosis 
in humans. Schueler (5) pointed out the rather 
quick onset of the in vivo effect of mescaline in the 
humans and that it was difficult to correlate it 
with the in vitro results they obtained on the brain 
preparation. 

* Received October 31, 1958, from the research laboratories 
of the Faculty of Pharmacy, University of British Columbia, 
Vancouver 8, Canada. 

This investigation was supported in part by a grant from 
the Canadian Foundation for the Advancement of Pharmacy. 

Part of this work was presented at the 5th Canadian Con- 
ference on Pharmaceutical Research, Edmonton, Alta., 
August 1958. 

The nitrogen determinations were made with the technical 
assistance of C. Mezei and I. C. Caldwell. 


In the experiments to be reported here, we in- 
vestigated the effect of mescaline and yohimbine- 
on the oxygen uptake of rat brain homogenate, 
using glucose, glutamate, and succinate as res- 
piratory substrates, when the substrate and the 
drug were added to the brain preparation at the 
same time. 

MATERIALS AND METHODS 

Wistar albino rats weighing 180-230 Gm. were 
decapitated, the brain quickly removed, weighed, 
rinsed in buffer, and homogenized with a motor- 
operated Teflon pestle in a glass tissue grinder in 
Krebs-Ringer phosphate buffer, pH 7.3 (7). The 
tissue grinder and the buffer solution were chilled 
immediately before use. The final homogenate 
was made up with the buffer to 10% w/v with re- 
spect to the fresh weight of the brain tissue. Oxygen 
uptake was measured by conventional Warburg 
apparatus at 38°. Each Warburg reaction vessel 
contained 1 ml. of the brain homogenate, a substrate, 
with or without the drug, all dissolved in the same 
buffer and with a total volume of 3 ml. The center 
well contained 0.2 ml. of 20% KOH absorbed on 
filter paper strip. The gas phase was air. The 
substrate and the drug were tipped in from separate 
side arms of the reaction vessel at zero time after 
fifteen-minute equilibration in the constant tem- 
perature bath. In each experiment 5-8 vessels 
contained the homogenate, substrate, and the drug, 
and a similar number of vessels contained homogen- 
ate and substrate without the drug. Manometric 
readings were taken at fiist at five-minute and sub- 
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sequentlj at ten minute intervals up to ninetj nun 
utes 

The substrates used were glucose (0 033 j1/), sod 
mm glutamate (0 3 i/), and potassium and sodium 
succinate (0 03 M) The drugs used were mescaline 
hjdrochloride (0 03 M, 0 09 j 14 and 0 18 M), and 
} ohimbine hi drochloride (0 005 M and 0 0073 M) 
All concentrations of substrates and drugs refer to 
the final concentration in the reaction mixture 

Nitrogen content of the homogenate was deter- 
mined as total nitrogen by a micro Kjeldahl method 
modified from those of Ballentme and Gregg (8) and 
of Pepkowitz and Shive (9) 

The rate of o\} gen uptake, Qoj. i\ as based on the 
rate of the first fortj minutes after zero time and 
calculated as fi\ of oxj gen per hour per mg N In a 
few cases, as indicated m the results, the rate of oxy- 
gen uptake « as calculated as pi of oxj gen per hour 
per ml of homogenate 

RESULTS 

The OXJ gen uptake figures, at different time inter 
vals, bj 1 ml of the brain homogenate in the pres 
ence of the substrate with and without the drug arc 
plotted m Figs 1, 2, and 3 Each ox j gen uptake 
figure, m pi , is the mean of figures obtained from 
5-18 reaction vessels in several tjpical experiments 
Table I lists the rates of oxjgen uptake as pi of oxy- 
gen per hour per mg of nitrogen except for those 
otherwise indicated as being pi of oxjgen per hour 
per ml of homogenate Although the brain homog- 
enates used m different experiments on different 
dajs had different nitrogen contents ranging from 
I 4 to 2 3 mg N per ml of homogenate, comparisons 
of the rates of oxj gen uptake m the presence of aiij 
particular substrate with the drug and without the 



I'lg 1 The effect of different concentrations of 
mescaluic on o\\ gen uptake of rat brain homogenate 
m ghitimale A— glutamate (0 2 ,U), B, C, D— 
glut iin itc 0 2 If w ith mescaline 0 03 -If, 0 09 
and 0 IS .If, rcspcctueU 



Fig 2 — The effect of mescaline on oxjgen uptake 
of rat brain homogenate m succinate, glutamate, 
and glucose A — potassium succinate (0 03 M), 
A' — succinate -f- mescaline (0 18 jlf), B — glutamate 
(0 2 M), B' — glutamate + mese.aline (0 18 M), 
C — glucose (0 033 M), C — glucose mescaline 

(0 09 m 



minutes 


Fig 3 — The effect of \ ohimbme on ox\ gen up 
take of rat brain homogenate in various substrates 
A — succinate (0 03 M), A' — succinate -F v ohimbme 
(0 0073 M), B — glutamate (0 2 M), B' — ^gluta- 
mate, + j oliirabmc (0 0073 ^f), C— glucose (0 033 
^f), C' — glucose -F johtmbine (0 0073 M) 

drug were made on the same batch of homogenate 
used on the same dav Therefore, the percentage 
of inhibition of rale of oxvgen uptake bv the drug 
would be the same whether this is calculated bj 
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Table I — The Effect or Mescaline and Yohimbine on the 
O x\GEN Uptake of Rat Brain Homogenate 




Qo 2 m 
Presence 


Substrate 

of 


and 

Substrate 

Expt 

Concen 

Ml /hr / 

No 

tration 

mg N 

12 

Glucose 

107 1« 

28 

0 033 

103 

26 

M 

40 2 

32 


62 0 

13 

Sodium 

132 2“ 

14 

gluta 

134 9“ 

22 

mate 

65 1 

39 

0 2 il/ 

89 8“ 

16 


53 7 

18 


75 1 

19 


76 8 

20 

Potassium 

139 0 

21 

succin 

128 0 

24 

ate 0 03 

120 9 

23 

iM 

129 6 

25 


115 8 

27 


130 2 

36 


211 2 

37 

Sodium 

87 4 

38 

sueem 
ate 0 03 
M 

82 6 


Qo 2 m Presence of Substrate plus Drug % Inhibition m Brackets 


Mescaline 
0 03 \f 


Mescaline 
0 09 M 


Mescaline 
0 18 M 


Yohimbine 
0 005 M 


Yohimbine 
0 0073 M 


67 0“ (37 4%) 

37 1“ (64 1%) 


103 O” (21 9%) 

77 9“ (42 2%) 

22 6 (65 2%) 

37 7“ (58%) 

36 5(32%) 


79 8(42 5%) 

81 8(36 1%) 

49 5(59%) 

113 2(12 6%) 


48 7(44 3%) 
44 9(46 1%) 


6 7(83 2%) 
11 0(82 3%) 


39 5(47 4%) 
37 8(50 8%) 


92 2(20 3%) 
103 6 (20 4%) 
169 9(19 6%) 


“ Calculated as /il /hr /ml of homogenate 


comparing the rates as /iI of 0 per liour per mg N 
or bj comparing tlie rates as of O. per hour per 
ml of homogenate 

It t\ ill be seen from Table I that both yohimbine 
and mescaline, at the concentrations used, inhibited 
the oxygen uptake of the brain homogenate respir 
mg in glucose or glutamate oi succinate Yohira 
bine at 0 0073 M inhibited the respiration in glucose 
(82%) to a greater degree than it did the respiration 
111 glutamate (50%) and in succinate (20%) The 
inhibition by rae=calme of the respiration in the three 
substrates n as less varied than in the case of yoliim 
bine At 0 09 AI mescaline inhibited the respiration 
in glucose, glutamate, and succinate by 64%, 42%, 
and 42%, respectively There nas no signi6cant 
difference in the inhibition of oxygen uptake by 
mescaline when using potassium succinate or sodium 
succinate as the substrate As mentioned earlier, 
Quastel and Wheatley (4) and Schueler (5) found 
that mescaline inhibited the oxy gen uptake of their 
rat brain preparation in glucose and m glutamate 
but not m sodium succinate In their experiments, 
the brain preparation was of chopped whole brain 
and it w as incubated w ith the drug for two and one 
half hours before addition of the respiratory sub 
strate Our present results, with the use of brain 
homogenate, and with addition of mescaline and the 
substrate at the same time, show that mescaline 
inhibits the oxygen uptake in succinate as well as 
in glucose and in glutamate under these conditions 
While one cannot readily correlate such ni vitro ex 
perimental data with sodium succinate’s antidotal 
effect on mescaline psichosis m humans, further 
studies on the effects of mescaline and other psy cho 
tomimetic agents on the respiratory actnity of 
brain tissues would seem to be warranted as at 
tempts toward elucidation of the mechanism of ac 
tion of these agents 


SUMMARY 


1 A study of the effects of mescaline and 
yohimbine on the oxygen uptake of rat brain 
homogenate yvith glucose, glutamate, and succi 
nate as respiratory substrates has been made 

2 Mescaline at 0 09 M concentration was 
found to inhibit the brain homogenate’s respira 
tion m glucose, m glutamate, and ra succinate 
by 64%, 42%, and 42%, respectively At 0 18 
M, mescaline inhibited the respiration in gluta- 
mate and in succinate by 65% and 59%, respec 
tively 

3 The brain homogenate’s respiration in glu 
cose, in glutamate, and in succinate was inhibited 
by 0 0073 il/ yohimbine by 82%, 47%, and 20%, 
respectively 

4 The extent of mescaline’s inhibition of the 
brain homogenate’s respiration in succinate was 
essentially the same, yvhether potassium or so 
dium succinate was used 
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Diuretic Activity of Various Compounds as 
Determined by Urinary Excretion Studies in Rats* 

By AMOS E. LIGHT 

Ib the procedure described for evaluating diuretic activit)' in rats preliminary forced 
hydration of the animals may be omitted before the administration of the test dose 
which in itself does produce some hydration. The rats were starved overnight and 
the dose given orally or intraperitoneally in 0.5 ml. of water for each 100 Gm. weight. 
Three animals, each weighing 150-250 Gm., were dosed and grouped together in 
a metabolism cage resting on a polyethylene funnel for urine collection at four- 
hour and twenty-hour intervals. Values for urine volume, pH, sodium, and chloride 
were recorded. Ranges for the usual responses following water administration 
alone have been defined statistically for control values and amounts above these 
indicated typical diuretic responses. These actions were divided into two cate- 
gories: natriuretic activity which increased sodium excretion jn a large volume 
with high pH; and saluretic activity which may be funher differentiated into_: (a) py- 
rimidine, purine, and chlorothiazide types — immediate volume increase with salure- 
sis; (6) mercurials — variable increased volume and sodium but decreased chloride 
excretion in twenty-hour period; and (c) miscellaneous types — saluretic activity 
in limited dose ranges such as with some triazines. Dose-response_ curs'es were 
obtained with known diuretics, and combinations were studied. 


A DIURETIC has been defined as an agent that 
stimulates the secretion of urine ; but since 
urine is composed of water, inorganic salts, and 
various organic compounds, all in changing 
amounts, this description appears to be rather am- 
biguous, especially when present-day interpreta- 
tions are considered (1). Several different meth- 
ods for evaluating diuretics in rats have been pro- 
posed (2-G). Many investigators have at- 
tempted to simulate the edema found in human 
pathology' by forcing e.xtra fluid into the animals, 
but this added treatment has been questioned (5). 
In the present study, certain specific excretory ef- 
fects of accepted diuretics have been compared in 
both forcibly hydrated and in untreated animals. 
These included urine volume, pH, sodium, and 
chloride values with relation to the time of admin- 
istration of the drugs. Other diuretics, indi- 
vidually and in combinations, have also been in- 
vestigated in nonhydrated animals. Several new 
chemical derivatives were likewise tested for di- 
uretic activity. Sex honnones and sulfliydryl 
binding compounds were also obsen’ed for effects 
on diuresis. 

METHODS 

In order to determine die Uqics of diuretic re- 
sponses suggested alxivc, each dose of a compound 
under investigation was tested in groups of three 
male rats, each animal weighing 150-250 Gm. A 
single group was kept in a wire cage, 9 inches in 
diameter, placed over an 11 -inch polyethylene fun- 
nel, A *''i6-inch me.sh stainless steel wire screen 
under the cage prevented fecal material from enter- 
ing the beaker used to collect the urine sample. 
Water intake of the animals was detennined by 

•RcccKtd Xovember 23, IP.'iS, from the tvdicomc Rc- 
search Lahoratonc*!. Ttickahoc. N Y 

The ntithor x\t«;hcs to thank Mr Gcni Bomcr for his tccb> 
meal ns«;Utanec 


marking the water bottles at tlie conclusion of the 
various time periods. Spillage of drinking water 
into the urine sample was prevented by the intro- 
duction of a stainless steel trough under the regular 
water pan. This conducted any' overflow away 
from the funnel opening and precluded any ques- 
tion as to the source of the urine volume especially' 
when the compounds under test stimulated in- 
creased consumption of water. 

Food was removed from the animals some twenty 
houre before the test, but water was always avail- 
able unless noted. The drugs were usually given as 
solutions or suspensions in 0,5 ml. of water per 100 
Gm. rat. Extra hydration was accomplished for 
certain comparative tests by the oral administra- 
tion of 2.5 ml. water per 100 Gm. weight one hour 
before dosing and then 5.0 ml. per 100 Gm. weight 
at tlie time of dosing. During the remainder of the 
test period these forcibly' hydrated animals did not 
have water available in the cage. 

The urine volumes were measured for the periods 
indicated and the pH \'alues detennined in a pH 
meter' before appropriate dilutions, necessary for 
sodium and chloride quantitation. Sodium was 
determined in a flame photometer," and chloride 
by the Volhard-Han'ey technique (7). 

In tlie diuretic screening tests of new' compounds 
the fiducial limits of values obtained from control 
groups given water only, 0.5 ml. per 100 Gm. rat, 
were calculated; and the doses tliat produced 
values ^eater than these amounts were considered 
as having certain diuretic activities. These were 
compared with results from the known diuretics. 
Usually tlie e.xcretory' values of the four-hour and 
the following twenty-hour periods were obtained 

RESULTS AND DISCUSSION 

As may be seen in Fig. 1, forced hydration along 
with acetazolamide" given intraperitoneally pro- 


■ pH Meter. Model G , BecVman Instrument Co , South 
rasadenn, Calif 

= FImne Photometer, Process and Instruments, IS Stone 
Ai*e , Brookl 5 'n, >. V. 

• Diamoi—Ledcrle Laboratories Div . American Cyana- 
mid Co , Pearl River, N, V. 

335 



3b6 


Journal of the American Pharmaceutical Association \^o1. XL VIII, No. C 



mgXkg 

ACETAZOLAMIDE IP 


Fig. 1. Urinary outputs produced by acctazolamide given intraperitoneally to rats with and without 
preUminar 5 '' hj'^dration. Heavy horizontal lines in first two sections represent average eontrol values, and 
the broken lines above eaeh are the fidueial limits (2 X S. D.). The pH values are recorded above the 
sodium bar graphs. 


duced more urine volume at all dose levels than with 
the water given ad libitum during the first four 
Ijpurs. However, the actual increases in volumes 
from the lower doses to the higher ones were about 
the same in both procedures. In fact, the per cent 
increases were obviously much greater in the mini- 
mally treated animals. No significant difference 
was found between the procedures in comparable 
sodium, chloride, and pH values during the four- 
hour period. In both, pronounced natriure.sis was 


e.xhibited with values of over 3,000 microequivalents 
of sodium per Kg. for this period. With the higher 
doses the pH likewise increased to 9 from a control 
range of G-T. The chloride e.\creted, however, did 
not rise above the values usually found in the con- 
trol group. These control values are summarized 
in Table I for convenience. The volume output 
for the forcibly h 3 ’'drated animals was low during 
the twenty-hour period for these rats received no 
drinking water. On the other hand, the animals 
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Table I —Urine Values and Water Intake of Control Rats 



4 Hrs 

Std Dev 

20 Hrs 

Std De\ 

24 Hrs 

Std 

De\ 

Volume, ml /Kg 

3 47 

1 30 

13 71 

5 01 

16 78 

5 

IS 

>Ia+, miCro-eqmv /Kg 

149 00 

81 00 

1,358 00 

435 00 

1,501 00 

351 

00 

Cl~, inicro-equiv /Kg 
pH 

Water intake, ml /Kg 

185 00 

6 24 

78 00 

0 28 

1,049 00 

6 48 
35 8 

234 00 

0 30 

13 6 

1,214 00 

244 

00 


Drinking uater ad Ubttuin and water dobC gir en intrapentoneallj , 0 5 mt per 100 Gm rat 



I'lg 2 — Comparison of results obtained with aininophyllinc given orally and intraperitoneally. « itli and 

without hydration of animals. 


given water ad libitum yielded somewhat larger 
amounts of chloride and volume Both melliods 
gave indications that sodium was possibly licing 
retained to some extent to balance the high e.\- 
crction rate of the first four hours 
The forced hydration method was further studied 
with aminophyilinc which was given orally or intra- 
peritoneally. As shown in Fig, 2, tlie c.\cretion 
\alucs increased witli increasing dosage until a 
maximum was reached and tlien decreased to zero 
m the four-hour peri^ with the dose of 150-200 
mg given intra]x;ritoneally. The high doses 
aclu.illy inhibited urine production in the four-hour 


period. The saluretic action was pronounced in 
the following tweny hours After oral administra- 
tion the limiting effect of the high doses was not 
marked in the four-hour period because the drug 
was possibly absorbed more slowly The rats 
given water ad libitum had more saluretic action in 
the twenty-hour period than those forcibly hy- 
drated In all cases the pH never exceeded 8 even 
at the highest doses in the four-hour period, and Uie 
twenty-hour period values were all witliin the con- 
trol range Aminometradine^ gave a similar set of 
results (F ig 3); however, the saluretic action was 
* Mictine — G D Scarlc and Co , Chicaco, III 


p-ir- 




F'g 3 Comparison of results obtained uith aminometradine given orallj and intrapentoneally uith and 

n ithout hj dration 


more apparent in the early four-hour period, al- 
though the pH values did not rise so much In 
this one instance forced hydration did appear to in 
crease the sodium output in the twenty-hour in- 
tenml Other punnes studied included theophyl- 
line, xanthine, caffeine, and theobromine These 
were given mtrapentoneally with water ad libitum 
As shown m Fig 4, theophylline and caffeine ex- 
hibited saluretic action at the doses employed dur- 
ing the four-hour period with emphasis on volume 
secretion during the twenty-hour period after 
caffeine administration This latter result was 
probabl} due to a thirst factor which caused the rats 
to drmk more water MTien water was witliheld, 
\ erj^ little urine w as produced In the four hour 
period after theophvUme the pH of the unne rose 
to not over 7 58 w'hile m the case of caffeine this 
figure never exceeded 6 87 All other values were 
within the control range Xanthine and theo- 
bromine had no activities at doses of 10 mg or 
100 mg per Kg weight 

Chlorothiazide® gi\en intraperitoneallj produced 

5 Diuril — Merck Sharp and Dohme Philadelphia Pa 


marked saluretic acticn dunng the immediate four- 
hour period after dosing with or without dnnking 
water being available, see Fig 5 Aminoisometra 
dine® gave similar but possibly less striking results 
However, more volume excretion was apparent in 
the twenty-hour period, thought to be due to the 
thirst factor stimulated by this drug The pH val 
ues following chlorothiazide were around 8 after 
four hours, whereas after aminoisometradine the) 
reached only 6 9 

With mercurial diuretics the dose level of mer- 
cury appears to be most critical for obtaining diure 
SIS m the rat (5) Less than 2 mg of mercur)' per 
Kg rat gives little indication of diuretic activity, 
whereas amounts over 8 mg per Kg suppress urine 
flow At levels of 16 mg and 32 mg definite darn 
age m the rat kidney has been demonstrated 
histologically (8, 9) In the present study the ac 
tion of chlormerodrin,' a mercurial urea derivatnc 


• Rolicton — G D Searle and Co Chicapo III 
Veoh>drin — lakeside laboratories Inc, Mil«auK 

Wis 
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Fig. 5. — Urinary outputs obtained from chlorothiazide (with and without drinking water) and aminoiso- 
metradine given intraperitoneally to animals receiving drinking water ad libiliwi. 


has been investigated. Doses containing 4 mg. of 
mercury per Kg. weight were injected intraperi- 
toneally in animals which were with and without 
drinking water ad libitum. As shown in Fig. 6 
there was some increase in urine volume and saliw- 
etic action in the four-hour period under both 
conditions. The pH values of the urine from the 
drug treated animals were likewise higher than their 
controls, 7.3 and 6.9 as compared to 6.3 and 5.9, 
respectively. In the twenty-hour period the mer- 
cury salt appeared to stimulate thirst when drinking 
water was available, with the resultant increase in 
urine flow. However, even when drinking water 
was not present the production of urine was con- 
siderably greater than that of the control group. 
In both cases sodium excretion was increased along 
with slightly' higher pH values. On the other hand 
the chloride output seemed to be depressed. 

The same dose of this mercurial given in volumes 
of 0.1 ml. or 2.5 ml. per 100 Gm. weight instead of 


the usual 0.5 ml. volume gave sirriilar values except 
that in the four-hour period only, the urine volumes 
were somewhat less with the lower volume and 
slightly greater with the larger amount, as would 
be expected. 

It is interesting to note that even with ammonium 
chloride the mercury salt tended to suppress chlo- 
ride output as shown in Fig. 7. The acidic salt 
kept the pH of the urine at 6 or below. This 
combination caused both an increased consumption 
of water and a pronounced volume of urine. Other 
combinations with the mercurj' salt likewise gave 
interesting results. Mflth acetazolamide the chlo- 
ride output was minimized, but sodium excretion 
was intensified. AVater intake remained below the 
urine volume output. The pH was elevated in 
both the four-hour and twentj'-hour periods. On 
the other hand, chlorothiazide increased chloride 
values along with the sodium but did not change 
the pH to any marked degree. With aminoiso- 
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CHLORMERODRtN 


Fig G — Unnarj outputs obtained from chlormerodnn gncii in 
trapentoiiealh nitli diffeicnt ainoiints of natcr at a dose le\cl of 4 
mg per Kg of mercurj 


nictradine tlic Incntyhour tolume uas enhanced 
along uilh natcr intake Chlonde amounts also 
rose, and the pll in the four hour penod w as slightly 
elevated With S clilorotlicopln lime the nater 
intake, urine output, and sodium e.\cretion ncre all 
enhanced m the tnentv-hour period Hone\ er, the 
pll \ allies did not change to any extent 
Combinations of nonmcrcunal diuretics with 
ammoisomctradine are illustrated m Fig S The 
addition of acctarolaimde enhanced the sodium out- 
put and pH values but not ncccssariU volume which 
was magntficd will chlorotliiaride The unne 
clilondc was definitch increased witli S chloro 
thcopln lime 1 he latter compound also stimulated 
the chlonde excretion when added to chlorotliiazide 
tcctazolamidc and clilorotliiandc together increased 
the four hour sodium output along with higher pll 


xalucs similar to the action of the carbonic anh} 
drasc inhibitor alone 

Results from different dose let els and combina 
lions of acetazolamide and S chlorolhcoph} lime are 
shown m Fig 9 At low dose let els these appeared 
to potentiate each other m hixirating sodium m the 
four hour period Other exjxinmenls not recorded 
here with 5 mg jxir Kg closes of acetazolamide 
indicated that added caficine, 25 mg per Kg , had 
no appreciable effect on the usual result Added 
triamcinolone'' 0 i mg jier Kg , apjicarcd to m 
crease sodium excretion to a slight extent Such 
synthetic corticosteroids haxc Iicen reported to be 
antagonists of aldosterone, a possible antidiuretic 

* AnMowrt — I etlcrlc I Tl>oratones Di\ American C>ana 
mid Co Pearl Rucr N ^ 
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Fig. 7.— Results produced by combinations of chlormerodrin, 4 mg. of mercury per Kg. weight, with non- 
mercurial diuretics given intraperitoneally to rats receiving drinking water ad libitum. Horizontal brackets 
indicate volume of water consumed in the twenty-hour period. The lower two horizontal lines, solid and 
broken, in each section are averages for control values and upper fiducial limit (2 X S. D.) for four-hour 
period; the upper pair are for the twenty-hour period. M (chlormerodrin) -f- A (acetazolamide), 10 
mg. per Kg. M (chlormerodrin) + C (chlorothiazide), 10 rag. per Kg. M (chlormerodrin) -f- IM (amino- 
isometradine), 25 mg. per Kg. M (chlormerodrin) -f- NHiCl, 200 mg. per Kg. M (chlormerodrin) -r 
T (8-chlorotheophylline), 25 mg. per Kg. 


hormone (10). Theophylline, 25 mg. per Kg., 
w’ith acetazolamide increased sodium along with 
volume output and water consumption. Am- 
monium chloride, 200 mg. per Kg., intensified the 
chloride output and slightly lowered the pH values, 
as would be expected. 

Various compounds have been screened for diur- 
etic activitv by the above procedure. These in- 
cluded purines, pt’rimidines, pj-rrolopjTimidines, 


triazines, and other miscellaneous types. Examples 
are given in Table 11. Due to either toxicity or 
inactivity at low dosages none of these were con- 
sidered useful diuretics in themselves. However, 
the activity of low doses of acetazolamide, 5 mg. or 
10 mg. per Kg., was markedly enhanced by the co- 
administration of 10 mg. or 20 mg. per Kg. of 4 -(^o- 
butylamino)-pj’rrolo-[2,3-5]-pyrimidinc (B.W. oi- 
10 ). 











Fig. S. — Results produced with combinations of diuretics given intrapcritoneally with water ad libitum. 
IM (aminoisometradine), 25 mg. per Kg., + C (chlorothiazide), 10 mg. per Kg, IM (aminoisometradine), 
25 mg. per Kg., + A (acetazolamide), 10 mg. per Kg. IM (aminoisometradine), 25 mg. per Kg., + T 
(8-chlorothcophyllinc), 25 mg. per Kg. A (acetazolamide), 10 mg. per Kg., + C (chlorothiazide), 10 mg. 
per Kg. C (chlorothiazide), 10 mg. per Kg., + T (S-chlorothcophyllinc), 25 mg. per Kg. 


To enhance the acliv'itj' of chlormerodrin it was 
theorized that brombenzene (13) would reduce the 
amount of — SH groups available to react wtii tlie 
mercurj’ compound and thus enable the diuretic 
to become more effective (12). However, when 
rats were fed a diet containing 4% brombenzene or 
given 100 mg. per Kg. daih- bv stomach tul?e, the 
diuretic activity of the mercurial was not increased, 
A dose of «-cthyl-malcimide, 1 mg, jrer Kg. orally, 
likewise did not assist activity. 

Since male animals had been found to give some- 
what better indications of diuretic activity (5), it 
was believed that treatment of males or females with 
the opposite se.x hormones might intensify either 
diuresis or nondiuresis. Therefore, reccntlv weaned 
rats of both se.\es were given diets providing .500 
Pg. of methyltcstostcrone or .50 /ig. of estradiol per 
animal ]jer day for six weeks before diuretic testing 
The results gave onlv slight suggestions tliat Uie 
female homione decreased diuresis in boUi se.Ncs 
wlicn treated witli acet.'izolamidc, aminoisometra- 
dine, or chlonncrodrin. 


SUMMARY 

Patterns of urinary' excretion produced by' di- 
uretics administered to both e.xccssively hydrated 
and untreated rats have been described. Ex- 
cessive hydration was found to be unnccessarv. 
The diuretic actions found could be divided into 
two categories; carbonic anhydrase inhibitors 
(acetazolamide), which rapidly increased the 
urine volume and sodium excretion with a high 
pH, and saluretic agents: (a) Pyrimidine (amin- 
oisometradine), purine (aminophylline), and 
chlorothiazide types which also rapidly increased 
tlie %-olume with saluretic activity but not elevat- 
ing the pH to the above c.xtenl. (b) Mercurials 
(chlormerodrin) which had little immediate ac- 
tivity but produced a delayed urine output with 
somewhat depressed chloride values, (c) Mis- 
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A g ^ ^ ^ ^ 2^G I^MG 

1^5MG 25MG 12.5MG 25MG 


ACETAZOL AMIDE + 8-CHLOROTHE OPH YLLINE 


Fig. 9. — Results produced with varied combinations of acetazolamide (A) and 8-chlorotheophyIline (T). 


cellaneous types (triazines, etc.) which had im- 
mediate saluretic activitj* within narrow dose 
ranges. Combinations of these proved interest- 
ing with possibly some potentiation of activities 
observed, especially with acetazolamide and 


8-chlorotheophylline. Due to the inactivity o 
— SH binding agents in enhancing the diuretic 
activity of chlormoren driit is suggested that this 
mode of action of mercurials be considered as sti 
open to question. 
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Table II. — Exajiples of Compounds Tested” 


'Urine Totals for 4 Hours- — ' — — — -Urine Totals for 20 Hours- 





Na + 

Cl", 



Na-". 

C1-, 





micro- 

micro 



micro- 

micro- 



Dose, 

Volume, 

cqmv / 

equiv^ / 


Volume, 

equi\ / 

equiv / 



mg /Kg 

to! /Kg 

Ke 

Kg 

pH 

ml /Kg 

Kg 

Kg 

pH 

Control, 


3 47 

149 

185 

6 24 

13 71 

1,358 

1,049 

6 48 

B W 49-335, 

10 

7 76 

568 

552 

5 93 

33 2 

1,780 

1,220 

6 61 

2.8-dichloro- 
6 aminopunne 

100 

18 88 

1,408 

1,648 

6 52 

107 2 

5,580 

4,040 

6 62 

B W 57-10, 4-(sec- 

10 

8 00 

272 

236 

6 65 

51 8 

2,640 

1,640 

6 71 

butylamino)- 
pyrrolo [2,3-6]- 
pyrimidine 

100 

17 40 

1,048 

388 

7 47 

14 4 

1,600 

1,440 

6 12 

B W 55-325, 

25 

8 08 

364 


7 12 

43 4 

1,300 


6 86 

2-ammo-4- 

50 

10 76 

1,020 


6 18 

65 6 

1,800 


6 66 

hydrovy-5- 

methyl-6'Phenyl- 

P5T!midine 

250’' 

1 24 

68 


5 66 

34 6 

3,940 


6 51 

B W 53-309, 

10 

9 72 

856 

720 

6 29 

77 8 

2,040 

1,460 

6 39 

N-phenyl-N'- 

100 


no urine 


57 8 

9,240 

5,320 

6 31 

acetylurea 

B \V 57-205, 

2 5 

7 72 

440 

572 

6 17 

23 0 

2,020 

1,560 

6 62 

2-amino-4' 

5 0 

10 40 

736 

752 

6 17 

29 6 

1,880 

1,160 

6 45 

(2,4-dichloro- 

10 0 

8 52 

70S 

708 

6 65 

20 8 

1,900 

1,360 

6 28 


aniHno)-l,3,5- 
triazine ■ HCl 


“ These compounds xvere supplied by the Chemotherapeutic Section of the Wellcome Research Laboratories, Tuckahoc 
N V One rat died at this dose 
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Salts of ^-Acetamidobenzoic Acid* 

By ANDREW LASSLO, CARL C. PFEIFFER, and PAULINE D. WALLER 


^-Acetamidobenzoic acid yields atmospher- 
ically stable salts with amines which have a 
tendency to give hygroscopic products with 
conventionally used acid components. The 
physical properties of p-acetamidobenzoic 
acid salts, combined with the innocuous na- 
ture and absorption characteristics of the 
acid, render the latter valuable as a salt- 
forming agent for pharmaceutical prepa- 
rations. Procedures for the preparation of 
p-acetamidobcnzoic acid salts are reported. 

"D ECENTLY, PfeilTcr (1) and his co-workers re- 
ported the effect of 2-dinieth,vlaniinocthanol 
(DMAE) upon the central nerv'ous system and 
called attention to its potentialities in the treat- 
ment of mental disorders In connection with an 


* f^vccotri! I'cliruvrv t 105*1, from the Dcfnrtment of 
I Intmticolopj , DiMhuin of HcaUh Scicnctis, Emory 

Um\cr-iit 5 . Atlanta 22. Ga 

This inic^tiKatjon was supported by a grant from the 
Geschicklcr Fiintl (or Medical Research 
Patent applied for 


extensive clinical study, we became interested in 
preparing a stable nonhygroscopic salt of DMAE 
which would facilitate adequate standardization 
of oral administration and permit satisfactory cor- 
relation of the data obtained by the participants 
in the investigation Of several possible salts, 
the salicylate, d-tartrate, d-pantoate, and p-acet- 
amidobenzoatc were chosen for ev'aluation. Sal- 
icylate and tartrate salts arc frequently employed 
in phannaceutical preparations, d-pantoic acid is 
a component of the vitamin pantothenic acid, 
and /i-acctamidobenzoic acid is the normal metab- 
olite of J>-aminobcnzoic acid. 

In a study of the physical properties of these 
four salts, DMAE Ji-acetamidobenzoate’ was 
found to be the least hygroscopic (Table I). In 
regard to toxicity, one could hardly find a more 

» Marketed as Dcaner by the Riker Laboratories, Inc , 
Los Aoge!e.s, Calif. 
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Table I. — Comparative Effect of Average 
Atmospheric Conditions 



Weight" 

of 

Sample, 

Period of 
Exposure 
in a 

Nonaircon- 

ditioned 

Room, 

Change in Weight 

Salt 

mg. 

Hours 

mg. 

% 

2-DimethyI- 

amino- 

ethanol 

if-pantoate 

500 

64 

4-132.2 

4-26 44 

2- Dimethyl- 
amino- 
ethanol 
salicylate*’ 

1,000 

64 

-fl54 2 

4-15.42 

2-Dimethyl- 

amino- 

ethanol 

d-tartrate 

(bitar- 

trate)*" 

1,000 

64 

-1-57.7 

4-5.77 

2-Dimethyl- 

amino- 

ethanol 

p-acet- 

amido- 

benzoate 

500 

64 

-1 4 

-0.28 


“ Prior to evaluatiotij samples were dried at 25®/0.07 mm. 
Hg for twenty-eight hours 

i Courtesy Riker Laboratories, Inc., Los Angeles, Calif. 


innocuous acid component. Cantarow and Sche- 
partz (2) report its presence in normal blood and 
urine, and consider it a metabolite of folic acid 
(for details on the metabolism of J)-acetamidoben- 
zoic acid in humans see Zehender’s work (3) ). 
These properties render Ji-acet^idobenzoic acid 
particularly valuable as a salt-forming agent for 
pharmaceutical preparations; especially so, when 
administration over an extended period of time is 
necessary. The efficacy of ^-acetamidobenzoic 
acid acquires additional emphasis, if we consider 
the disadvantages one may encounter with sali- 
cjdic and tartaric acids. The toxic properties of 
salicylic acid and the so-called “salicylates” are well 
known ; diminished caloric intake may predispose 
a person to serious intoxication with no more than 
usual doses of “salicylates.” Some asthmatic pa- 
tients are sensitive to minute doses of salicylate. 
There is evidence (4) that salicylates may accum- 
ulate, if administered over a prolonged period of 
time; this becomes of particular concern, if renal 
function is below normal. In regard to tartaric 
acid salts, questions have been raised as to the 
nature and degree of their absorption from the 
human intestine (5, 6) ; actually several tartrates 
are known as cathartics, and cathartic action ar- 
gues against much absorption from the intestinal 
tract (7). More specifically, Harington (8) 
states that orally administered hexamethonium bi- 
tartrate was always more poorly absorbed than 
other orally administered hexamethonium salts. 
In accordance with these findings, Pfeiffer (9) also 
obsen’ed a substantial decrease in the effective- 


ness of orally administered DMAE when given in 
the form of its ff-bitartrate. It is interesting to 
note that Hagen (10) reported loss of /-epi- 
nephrine activity in stimulating oxygen consump- 
tion of mouse parotid glands incubated in vitro 
in a calcium-free medium, when the base was ad- 
ministered as the (/-bitartrate salt. 

The desirable properties of DMAE p-acetami- 
dobenzoate suggested the use of p-acetamidoben- 
zoic acid in the preparation of salts of other bases 
which have a tendency to yield hygroscopic salts 
with conventionally used acid components. The 
new salts are listed in Table II. 

EXPERIMENTAL 

The compounds listed in Table II were prepared 
by the following procedures: 

Procedure A. — 2-Dimethylaminoethanol p-Acet- 
amidobenzoate. — Forty grams (0.223 mole) of p- 
acetamidobenzoic acid was dissolved in 500 ml. of 
boiling absolute methanol. Heating was discon- 
tinued, and a solution of 19.9 Gm. (0.223 mole) of 
dimethylaminoethanol in 100 ml. of absolute 
methanol was added with mechanical stirring, as 
fast as the exothermic nature of the reaction per- 
mitted. The resulting solution was allowed to cool 
to room temperature and was suction-filtered 
through Celite (Johns-Manville filter aid). The 
filtrate was poured into 500 ml. of anhydrous ethyl 
ether seeded* with a few crystals of DMAE /)-acet- 
amidobenzoate; crystallization ensued immediately. 
The product, a white crj'stalline material, was dried 
at 25°/0.08 mm. Hg for fifteen hours (48.4 Gm., 
80.9% yield). It may be recrystallized from abso- 
lute ethanol-ethyl acetate, and dried as indicated 
above. The salt is readily soluble in water and is 
very' stable over a wide range of atmospheric condi- 
tions. During its characterization, we have found 
that it will decompose when exposed to high tem- 
peratures under vacuum (100°/0.08 mm. Hg) and 
yield free p-acetamidobenzoic acid (72.5 mg. of the 
salt yielded quantitatively 47.8 mg. of the acid after 
four hours at 100°/0.08 mm. Hg). 

Choline p-acetamidobenzoate remained unaffected 
under the same conditions; this was probably due 
to tlie increased basicity of choline. 

Procedure B. — Nicotine p-Acetamidobenzoate.-j- 
Twenty grams (0.112 mole) of p-acetamidobenzoic 
acid was dissolved in 300 ml. of boiling absolute 
methanol. Heating was discontinued and 20.0 Gm. 
(0.124 mole) of nicotine was added. The resulting 
solution was thoroughly mixed, suction-filtered 
through Celite, and the solvent was removed under 
reduced pressure (max. pot temp. 50°). The vis- 
cous residue was mechanically agitated in 200 nil. 
anhydrous ethyl ether; it gradually turned into a 
pink powder. The crude product was 
25°/0.1 mm. Hg for one hour (32.2 Gm., S4.5/c 
yield). Upon recrystallization from absolute etha- 
nol-ethyl acetate, the pure salt was obtained in the 
form of pink crj'stals, after a first crop of unreacte 
p-acetamidobenzoic acid; it was dried as indicate^ 
above. The salt is readily soluble in water and is 

* Three to six milliliters of filtrate added to 10 ml- 
hydrous ethyl ether yielded crystals within ten to tine 
minutes at room temperature. 
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Table II — Physical and Analytical Data 


Method 



Prepa 

Point, 

Optical 

Empirical 

C. 

% — ■ 

H. 

% — -- 

. — N. 

^ ^ 

Compound 

ration 

oc® 

Properties 

Formula 

Calcd 

Found 

Calcd 

Found 

Calcd 

Found 




iro 1 ^757 








2 Dimethylammo 

C 


-H2 9» 

CwH;jNOs 

50 Cl 

50 68 

9 77 

9 51 

5 90 

G OG 

ethanol d pantoate 



(c = l3 4, in 











abs 











methanol) 








2 Dimetbyiamino 

A 

159 d- 


CiiH-oHsOt 

58 19 

58 20 

7 51 

T 6L 

10 44 

10 5 

ethanol P acetamido 


101 5 









benzoate 











2 Diethylamiaoethanol 

B 

129 0- 


CtiHiiNiO* 

60 7S 

60 79 

8 16 

8 21 

9 4C 

9 46 

p acetaroidobenzoate 


131 0 









Tnethjlamme 

B 

137 0- 


CisHi.NiOj 

04 25 

C4 10 

8 G3 

S 55 

10 00 

9 93 

p acetamidobenzoate 


138 0 









Choline p acetamido 

A 

231 G- 



59 53 

59 5b 

7 8G 

7 7G 

9 93 

9 6S 

benzoate 


232 2 









Nicotine p acetamido 

B 

Decomp 

lalJ?+M0« 

CnHuNaOj 

06 84 

CO 9G 

G 79 

6 80 

12 31 

12 15 

benzoate 


at 134- 

(c = 8, in 










137 

HiO) 








® Uncorrected b Analj ses by Drs G Weiler and F B Strauss, Oxford, England 

Stable under atmospheric conditions; it will decom- tained its original consistency 

over a 

period of ten 


pose when exposed to high temperatures under 
vacuum (100°/0 1 mm. Hg) 

Procedure C. — 2-Dimethylainmoethanol d-Pan- 
toate. — To an aqueous solution (50 ml ) of i-pantoyl 
lactone (5 07 Gm., 0 039 mole), 4 89 Gm (0 028 
mole) of barium hydroxide was added and the re- 
sulting solution was heated at 74-81° for three 
hours Subsequently, excess barium was precipi- 
tated as the carbonate by bubbling a stream of car- 
bon dioxide through the hot solution, and the pre- 
cipitate was filtered off nith Celite The filtrate, 
containing 0 019 mole of barium pantoate, was 
cooled to room temperature and added to an aqueous 
solution (20 ml ) of 0 019 mole of dimethylamino- 
ethanol sulfate (3 39 Gm. of dimcthylaminocthanol 
neutralized with sulfunc acid to pH 0 8) The 
reaction mixture was thoroughly mixed and allowed 
to stand overnight The precipitated barium sul- 
fate uas filtered off with Celite, and the nater was 
removed under reduced pressure (max pot temp 
30°) The viscous residue nas dissolved in about 
300 ml of absolute methanol, the solution was 
filtered through Cehte, and the solvent nas removed 
under reduced pressure The residue was redissolved 
in another 300 ml of absolute metlianol, the solution 
was refrigerated for about fifty hours, filtered 
through Celite, the solvent was removed under re- 
duced pressure, and the residue was subjected to a 
vacuum of 0 07 mm Hg at 25° for a period of forty- 
tlircc hours The product (7 5 Gm , 83 2% yield) 
n.as a dear, yellow, viscous liquid, which has re- 


unsuccessful. 


SUMMARY 


The suitability of nonhygroscopic /i-acetamido- 
benzoic add salts for pharmaceutical preparations 
was pointed out The preparation of the p-acet- 
amidobenzoic add salts of nicotine, choline, 
2-diinethylaininoethanol (DMAE), 2-diethjda- 
minoethanol, and triethylamine, and that of the 
d-pantoic acid salt of DMAE was described. 
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l6«-Hydroxy Steroids I* 

Characterization of Triamcinolone 


By LELAND L. SMITH and MURRAY HALWER 

Triamcinolone and triamcinolone l6a,21 -diacetate have been characterized by 
ultraviolet absorption spectra, infrared absorption spectra, absorption spectra in sul- 
furic acid, polarography, reduction of tetrazolium blue, and by Porter-Silber chromo- 
gens. The use of absorption spectra, polarography, and colorimetry for quantita- 
tive determination of bulk triamcinolone and of triamcinolone in tablets is discussed. 
Some new chemistry of l6a-hydroxylated steroids is reviewed. 


' I Triamcinolone (9a: - fluoro - 11/3, 16a, 17a,21- 
tetrahydroxy-l,4-pregnadiene-3,20-dione) is 
a new potent corticosteroid of clinical importance 
(1-3). Triamcinolone is currently marketed in 
this country as the alcohol, although the 16a, 21- 
diacetate has been tested clinically (4). Charac- 
terization of the hormone has been limited to brief 
accounts in the chemical journals (5-7) and in the 
patent literature (8). A more detailed characteri- 
zation of both triamcinolone and triamcinolone 
diacetate is the subject of this report. 


CHiOR 



I. R = H 11 R = COCH, 


Triamcinolone (I) and its diacetate (II) are dis- 
tinguished structurally from other commercially 
important corticosteroids by the presence of the 
16a-hydroxyl group, the A* '*-3-ketone, llj3-hy- 
droxyl,9a-fluoro, and dihydroxyacetone side- 
chain features being common to other hormones. 
The profound biological effect of the lOa-hydroxyl 
group in the steroid molecule is accompanied by 
some altered physical and chemical properties, as 
certain typical reactions of corticosteroids are in- 
fluenced b)^ the introduction of the 16a-hydroxyl. 

Absorption spectra in alcohol and in alcoholic 
alkali (9) (Tables III and I^9 and in sulfuric acid 
(S, 10) (Table ^''), characteristic polarographic re- 
duction behavior (11, 12), and infrared absorption 
spectra (Figs. 1 and 2) in the G.0-G.25 m region 

* Received November 21, 1958, from the Chemical Process 
Improvement Dept., Tederle Laboratories Division, American 
Cyanamid Co., Pearl River. N. Y, 

The authors wish to acJcnou'ledpe the assistance of Messrs. 
Michael Marx and Harold Mendelsohn in the preparation of 
triamcinolone and triamcinolone diacetate standards. Ultra- 
violet absorption spectra were obtained under the direction 
of Mr. Walter Muller, infrared spectra were kindly supplied 
by Mr. \\niHara Fulmor. 


(11, 13) exhibited by triamcinolone and by its 
diaeetate are typical of A'’^-3-ketosteroids of this 
series. Triamcinolone forms a diacetate (5) 
and a bis-2,4-dinitrophenylhydrazone (8). The 
usual color tests (spot tests on filter paper) used 
for the detection of A'‘-3-ketosteroids, such as 
Bush’s alkaline fluorescence (14), 2,4-dinitro- 
phenylhydrazine (15), ^-phenydenediamine 
phthalate (16), etc.,fail with triamcinolone as they 
do with other A* ■''-3-ketones. Isonicotinic acid 
hydrazide has proved of use in detection of tri- 
amcinolone (17), the reported failure of the re- 
agent for detecting other A'^'-S-ketosteroids not- 
withstanding (18). Triamcinolone fails to react 
with Girard P reagent in the usual manner, such 
behavior again being expected of A''''-3-ketones 
(19). This failure to react with Girard P reagent 
permits separation of triamcincolone from related 
A''-3-ketones. 

The presence of the IGa-hydroxyl group adja- 
cent to the dihydroxyacetone side-chain affects 
the response of the steroid in several analytical 
procedures and enables one to prepare derivatives 
characteristic of planar m-diols. Thus 16a,17a- 
acetonides (7, 20) and 1 6a, 17a-cyclic borates (21) 
have been reported. Although triamcinolone 
has the anticipated reducing action toward tetra- 
zolium blue on spot testing on filter paper, instru- 
mentally the response to tetrazolium blue (22) is 
about 70% greater than that for non-16a-hy- 
droxylated analogs. This property is suggested 
as characteristic of lGa,17a,21-trihydroxy-20- 
ketones (cf. Table I). The cyclic 10a,17a-diol 
derivatives respond more like the non-16a-hy- 
droxylated parent steroids, the 16a,17a-acetonide 
of triamcinolone having but 40% of the response 
of triamcinolone, the IGa, 17a-cyclic borate prep- 
arations having 60-65% of the response. 

Triamcinolone does not respond to the Porter- 
Silber test (23) in the anticipated manner (c/- 
Table II). The response of triamcinolone and a 

variety of other IGa, 17a,2Ttrihydroxy-20-ke' 

tones is depressed to about 10% of that of the 
non-lOa-hydroxyl analogs. This poor response 
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Fig 1 — Infrared absorption spectra of triamcinolone polymorphs in KBr disks. — — Type I. - 

Type II. 



Fig. 2 — Infrared absorption spectra of triamcinolone 16or,21-diacctate polymorphs in KBr disks. 

Tj'pe I, Type II. 


obviates the use of the Porter-Silber assay in bio- 
logical systems where non-lOa-hydroxylated 
steroids are also to be measured.' 

Triamcinolone and the related 1,2-dihydro com- 
pound (9a-lluoro-ll|S,lCa,17a,21 - tetrahydroxy- 
-l-pregnene-3,20-dione) fail to give positive tests 
for the 17a-hydroxyl group with the sulfuric acid- 
phojpt orjs pento.xide reagent of Steyermark and 
Nowaezynski (24). No selective absorption oc- 
curs in the 400-600 mp region. The generality of 
this test must remain questionable on other 
grounds, as neitiier prednisone, prednisolone, nor 
9a-fluoroprednisolone give selective absorption in 
the 400-600 mp region. Since 9a-fluorohydrocor- 
lisone does have selective absorption at ca. 550 
mp (£ 1%, 1 cm. 159), both the 1,2-double bond 
and the 1 6a-hydro.\s’l may interfere with this 
color test. 


Triamcinolone isomcrizes under a variety of 
conditions to form a tetrahydroxy-diketonc; such 
isomerization is also obserx'cd for at least one 
other lOof-hydroxylated steroid, 9a-fiuoro-ll|S, 
1 On-, 1 7a.2 1 -tc trahydroxy-4- pregnenc - 3,20 - dione. 
These isomers are more polar than the parent 


’ T he fnihirc of triamcinolone lo undergo the Porter-Silbe 
reaction has rct^ntly been rci^orted WnlVer, A and Set 
lunKe, H I , 15, The increased f« 

ductnc poncr of triamcinolone towards afkaline femc\antd< 
as ctimiKired VMth non If. « h>drox>lalcd steroids has als 


Table I. — Relative Reoucing Power with 
Tetrazoliu.m Blue op 16a-HyDRO.\-YLATED 
Steroios 



Reducing 
Power of 
Parent 

Reducing 


Non-lGa- 

Pow er of 


Hydrox- 

IGa-Hy. 


S'lated 

droxylated 


Steroids 

Analog 



£l?m 


510-530 

510-530 

Parent Steroid 


m/x 

ll/3,17a.21-Triliydroxy- 

4-pregnene-3,20-dione 

(hydrocortisone) 

010 

1,050 

9a-Fluoro-ll^,17«,21- 
trihydroxy-4-pregnene- 
3.20-dione (9a-fluoro- 
hydrocortisone) 

610 

1,040 

1 l/3,17a,2 1-Trihydroxy- 
l,4-pregnadiene-3,20- 
dionc (prednisolone) 

040 

1,060 

9a-FIuoro- 11/3, 17a, 21- 
trihydroxy- 1 ,4-preg- 
nadicne-3,20-dione 
(9a-fluoroprcdnisol- 
one) 

620 

1,050 


The tetrazolium blue determinations were carried out a- 
described in the Expcnmental part, read rs a reagent blank 
alter thirty minutes standing at room temperature 


steroid, and may be expected to interfere with cer- 
tain instrumental assays for triamcinolone. The 
isomerization of triamcinolone will be the subjeci 
of a later report. 
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Table II. — Response to Porter-Silber 
Conditions of Triamcinolone and Related 
I 6a-HVDROXVLATED StEROIDS 


Parent Steroid Nucleus 

Non-lDa- 

Hydroxylated 

Steroid 

Xmai. ^5 cm. 

ICa- 

Hydroxylated 
Steroid 
\ /r*’'" 

Amft* -*-5 cm. 

9a-Fluoro-ll#3,17«,21- 

trihydroxy-4-preg- 

nene-3,20-dione 

417 ra/i 

1,350 

420 m /1 

241 

9a-Fluoro-ll0,17a,21- 
trihydroxy-1 ,4-preg- 
nadiene-3,20-dione 

41G m/1 

1,800 

425 m/1 

1G5 

11/3, 17a, 21-Trihy- 

droxy-4-p^egnene- 

3,20-dione 

415 ra/i 

1 . 050 

415 m/I 

191 

11^.17a,21-Tnhy- 

droxy-l,4-pregna- 

diene-3,20-dione 

415 m/t 

1,990 

420 m/I 

238 

17a,21'Dihydroxy- 
4,9(1 l)-pregnadiene- 
3,20-dione 

415 m/1 

1,785 

(Inflec- 

tion) 

415 m/I 

114 


Analytical techniques which involve differen- 
tial migration of the steroid will be described in 
the second paper of this series. Some useful pro- 
cedures for identification of triamcinolone and for 
analysis of bulk and tableted triamcinolone are 
presented in this paper. 

TRIAMCINOLONE 

Identification.— Triamcinolone is characterized 
by the physical measurements of Table III. Tri- 
amcinolone may exist in at least two polymorphs, 
depending on the solvent used for crystallization, 
such behavior rendering the melting point of little 
use in identification. Characteristic infrared spec- 
tra of triamcinolone in the solid state serve to dis- 
tinguish the polj'morphs one from the other. Type 

I pob'morph (obtained from pyridine, aqueous pyri- 
dine, etc.) and type II pol}-morph (from methanol or 
aqeuous methanol) are interconvertible. Whereas 
the usual infrared bands characteristic of A*i^-3-ke- 
tones (11, 13) are present in both types, the type I 
spectra does not differentiate the A'- and A^-bands, 
the two bands coalescing into one broad band at 6.18 
li, whereas type II spectra give well defined bands at 
6.15 fi and 6.22 ja (Fig. 1). The fingerprint region 
also contains select points of difference. Mixed 
spectra (containing aspects of both type I and type 

II spectra) have been observed in some samples. 

Although infrared identification of triamcinolone 

is preferable, absorption spectra in concentrated sul- 
furic acid may be used; the band positions at 260- 
263 m/j and at 310 m/j (Table V) distinguish tri- 
amcinolone from a host of other related steroids (10). 

Of particular value is the distinctive time course 
of alteration of the sulfuric acid spectra. The 
steady increase in absorbance of the 375-390 m/i 
band together with its shift from 390 mu to 375 ran 
over twentj’ hours is not duplicated even bj' triam- 
cinolone 16a,21-diacetate. 

Determination. — Instrumental determination of 
triamcinolone may be made with a variety of tech- 
niques depending on the specificity required. Di- 
rect ultraviolet absorption measurements, direct 


Table III. Physical Properties of 
Triamcinolone 



Bernstein, 
et. al., 

J. A7n. 
Chem. Soc., 

Thoma, 
el. al., 

J. Am. 
Chem. Soc., 



78, 5G93 

79, 4818 
(1957). 

This 

Property 

(195C). 

Report 

Melting Point 
(capillary) 

2B0-2B2.5°'‘- 

248-250° 

202-204°dec.‘' 

Specific Ro- 

-h 75° 

[al'y + 71° 

[aiy-h 67.1" 

tation 

(acetone) 

(acetone) 

±1.9® 

(MeOH) 

^EtOH (f) 

238 m/i. 


239 m/i. 


(15,800) 


(15,224 ± 

122)"j'^ 

Infrared Ab- 

Xm^'. 3,388, 

xS;°' 2.95, 

X KHr () qc 
Apinx. 

sorption 

1,705, l.GGO, 

5.85, 0.02, 

3.41, 3.45, 


1,G20. 1,004 

G.IG, G.24, 

5.85, GOl, 

^O.OGG N 

cm. 

11. 2G fi 

G.15, G.21, 
11.23/1 

NaOH in 

Eton (0 



240 m/I 
(14,500), 
264 m/i 
(7,800 in- 
flection), 
310 m/i 
(2,270)* 


° Bernstein, el at., also report a sample of triamcinolone 
melting at 209-271®. 

6 Some preparations of triamcinolone have been observed 
to melt as high as 273-275® decompn. 

« An average of six determinations with standard devia- 
tion. 

An inflection at 308 mji {<89) may be seen at high steroid 
concentration. 

♦ Spectra taken three to five minutes after solution at room 
temperature. At CO® for one hour, 239 mu (14,900). 264 m/i 
(7,800, inflection), 310 m^ (3,480), not changed after two 
further hours at CO®, 


polarographic measurements, and tetrazoliura blue 
reducing power have served most uses. A preferred 
method combines polarographic determination (riiig- 
A) together with determination with tetrazolium 
blue (side-chain). Where more specifieity is re- 
quired, chromatographic separations must precede 
instrumental determinations. 

Triamcinolone Purification. — A selected, repeatedly 
recrystallized batch of triamcinolone, m. p. 249-250 ; 
[a]=D“ + 67.4° (MeOH); 239 m^ (e 14,900); 

was partitioned on a column prepared as follows: 
600 Gra. of acid-washed Celite diatomaceous earth 
was moistened with 300 ml. of the lower phase of the 
mixture; dioxane (10 liters) ; cyclohexane (6 liters): 
water (2 liters), then packed in 2-3 inch layers into a 
three-inch diameter column. The sample of 600 mg. 
of triamcinolone dissolved in 20 ml. of lower phase 
was slurried into 40 Gm. of Celite diatomaceous 
earth and the charge packed onto the column. De- 
velopment of the column with the upper phase of the 
solvent mixture eluted triamcinolone at 6. 2-6. 9 hold- 
back volumes (HBV) (1 HBV was 900 ml.). The 
fraction was evaporated to dryness in vacuo and 
crystallized from aqueous pyridine and from pyrij 
dine/methanol/acetone/water, m. p. 262-204 
decompn., « 15,060. Final recrystallization from 
pyridine/acetone (2:3) diluted with water gave the 
standard sample, m. p. 262-264° decompn.; ' 
15,224 ± 122; [a)y + 67.1° (MeOH). The polaro- 
graph half-wave potential was —1.02 v. (versus 
saturated calomel electrode), the diffusion current, 
jd/C ± <7, at — 1.10 v. being 4.39 ± 0.04 pa. /mg./ 
ml., at —1.2.5 v. being 4.54 ± 0.02 pa./mg./ml. 
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TRIAMCINOLONE 16a,21-DI ACETATE 

Identification. — Triamcinolone 16ar,21-diace1.ate is. 
characterized by melting point behavior, optical ro- 
tation, etc , m Tabic IV Here again meiting point 
behavior is of limited use in identification, although 
the wide melting range is characteristic of triamcino- 
lone diacetate At least two polymorphs have been 
prepared, as evidenced by infrared spectra in the 
solid state The crystalline forms are interconverti- 
ble by using the appropriate solvent Type 1 poly- 
morph (from methylene chloride, chloroform, etc ) 
and type II polymorph (from acetone) are typified 
hy the spectra of Fig 2 Infrared absorption spectra 
of the diacetate in chloroform have recently been 
published (25) 


Table IV 

—Physical 

Properties 

or Tri- 

AMCINOLONE l0a,21-DlACETATE 


Bernstein, 

Thoma, 



el al . 

tt cl , 



J Am 

J Am 



Chem Soc 

Chem Soc , 



78, 5093 , 

79, 4818 

This 

Property 

(1950) 

(1957) 

Report 

Melting 


179-180° 


point 


With gas 

145-230°!' 

(capilUty) 

I58-235°a 

evolution 

Specific 

talfj + 22° 

(alV 4- 28° 

(alK + 22° 

Rotation 

(chloroform) 

(chloro- 

(chloroform) 



form) 

+ 03° 
(McOH) 

5(SS" (.) 

239 


239 mfx 


(15.200) 


(15,270) 

Infrared ab 

3,035 3,4t0, 


2 00, 3 40. 

wption 

1,720, 1,074, 


5 74. 6 00, 

(KBt 

and 1,630 


0 15, 0 19. 

disk)® 

cm '**** 


(shoulder) ft 

N am vr 

A niAt 



210 mfi 

NaOH m 



(13,800), 

r-tOH (,) 



205 tnfi 


(7,150 inflec- 
tion), 310 
rau (2.000)*’ 


° Bcrnslcm, et al , note occasional meUmg' points of 18C— 
188° with gas evolution and mention apparent solvation of 
the diacctatc Al«o m p 160-240° with los*; o( -solvent is 
reported in U S pat 2,780,118 

6 The melting range for t>pe II cr>stal, for type I. 185- 
232° decoTOpn 

* Spectra in chloroform have been published, see (25) 
Proving the anal>ttcal sample of Bernstein, el ol . with the 
criteria of polymorphism described herein indicates a type I 
crj stal 

' Spectra taken three to five minutes after solution at room 
temperature At 60° far one hour, 240 mp (U 500), 2fil him 
( 8,750, inflection), 310 mjt t3,280), not altered after two more 
hours at 60°. 

Typo I poiymorpli has a sliglitly different melting 
point behavior from type 11. tvpe 1 starting to melt 
later thaw type U (185-232° versus 145-235'’) 
Type I polymorph lias been obtained from chloro- 
form, metlij'lene chloride, acetone, acetonc/petro- 
Icum ether, and benzenc/petrolcum ctiier Type II 
has been obtained from acetone and from acelonc/- 
pelrolenm ether 

Identification of the diacctatc may also be made 
using spectra in concentrated sulfuric acid (Table Y), 
Cli,ar.-!cteristic spectra have also been obtained in 
100% phosphoric acid (2G). Bands .at 200 in,i 
(E Y~c. 1 cm 2991. 290 mu (213, inflection), 310 m„ 
(205 infiection) and 3T5 mu (1-14) characterize tlie 
diacctatc in lOO^o pliosphonc acid 
Determination. — Inslnimental determination of 


Table V —Selective .Absorption Spectra of 
Triamcinolone and Triamcinolone Diacetate 
in Concentrated Sulfuric .Acid 



Time 

After 

Nmas 

Xmm 


SoUilinn 

(bI™) 

(E>™) 

Triamcinolone 

15 mm 

260 ma (334) 

220 mp (03) 


2 hr 

310 rap (172) 
390 rap (42) 
200 rap (346) 

287 mp (128) 
345 mp (10) 
218 mp (71) 


20 hr 

310 mp (176) 
380 mp (80) 
263 mp (380) 

288 mp (142) 
342 mp (34) 
220 mp (80) 

Tnamtmolone 

15 mm 

310 mp (170) 
375 mp (94) 
201 mp (297) 

300 mp (100) 
340 rap (40) 
220 mp (59) 

10a,21 d*ace> 


308 mp (130) 

283 mp (88) 

tate 

2 hr 

201 mp (29D 

220 mp (59) 


20 hr 

308 mp (130) 
380 mp (35) 
200 mp (302) 

2S3 mp. (8S) 
345 mp (17) 
217 mp (S2) 



308 mp (137) 
375 mp (187) 
475-480 mp 
(10) loB 

285 mp (109) 
335 (50) 


triamcinolone diacetate may be made using the same 
methods that w ere described for the alcohol 
Triamcinolone 1 6a, 2 1-Diacetate Purification.— A 
selected sample of chromatographically purified tri- 
amiticolone diacetate, m. p. 148-190° decompn , 
239 m/j (e 15.400), homogeneous on paper- 
grams, infrared spectra polymorph type I was re- 
crystallized from acetone/pctroleum ether (Skelly- 
soive B), m p. 145-200° decompn., r 15,200, type II 
pob'morph, Recrystaliization from chiorofonn/- 
petroleum ether yielded type I polymorph, m p. 
185-232° decompn , t 15,000. Still further re- 
crystallizations from acetone/petroleum ether and 
from acetone failed to alter the characteristic melting 
range. After drying in vacua over refltuxing toluene 
the sample melted 145-235° decompn., with « 
15,270, type II polymorph. The polarographic half- 
wave potentiaf was —1.01 v , the diffusion current 
at —1 30 V was 3 55 na /mg./ml. 

EXPERIMENTAL 

Ultraviolet absorption spectra were obtained in 
absolute ethanol using the Cary Recording Spectro- 
photometer, Alodcl IIS; molecular extinction coeffi- 
cients were calculated from replicate measuretneuts 
using the Beckman Spectrophotometer, Model DU 
Opticai rotations were determined on co. 0 5% solu- 
tions in the appropriate solvent. Sulfuric acid spec- 
tra were determined according to published proce- 
dures (10, 27). Infrared spectra were obtained on 
solid samples as potassium bromide disks, using the 
Perkin-Elmer Model 21 double beam instrument 

Poiatographic Solvent.— A solution of 01 M 
tetra-n-butylammonium hydroxide in 50% aqueous 
methanol is adjusted to pH 3 0 with pliosphonc acid 
The solution is stable indefinitely. 

P()!arographic Determination.— A 10-rag. sample 
of triamcinolone is weighed into a 10-ml volumetric 
flask and 8 mi of poiarograpliic solvent is added. 
The mixture is shaken and warmed on a steam batli 
until solution is compicte, cooled, and made to vol- 
ume witii polarographic solvent and mixed thor- 
oughly. The solution is placed in the semimicro 
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polarographic cell and the capillar}' adjusted, etc 
The current-voltage relationship is determined up to 
about — 1 4 V using the Leeds and Northrup Electro- 
chemograph instrument at a suitable sensitivity set- 
ting The diffusion current is determined from the 
reading at —1 10 v (half-wave potential is —1 02 
V ) The purity of the sample is obtained by com- 
parison of the observed diffusion current with that of 
a standard run at the same time The related A'l-S- 
ketosteroids exhibit a half-wave potential of ca 
-1 20 V 

Tetrazolitun Blue Reagent. — Five hundred milli- 
grams of tetrazolium blue is dissolved in 100 ml of 
absolute ethanol The solution is filtered into an 
amber glass-stoppered bottle Ten milliliters of a 
10% solution of tetraethylammonium hydroxide is 
diluted with 100 ml of absolute ethanol and filtered 
The two solutions are stored m the refrigerator dur- 
ing the course of a series of determinations In no 
case should the solutions be retained after two weeks, 
and fresh tetrazolium blue reagent made daily is rec- 
ommended 

Colorimetric Determination. — Ten milligrams of 
triamcinolone is weighed into a 10-ml volumetric 
flask, 8 ml of absolute ethanol is added, and solution 
effected by vigorous shaking. Heat may not be ap- 
plied to aid solution at this point as decreased ab- 
sorption in color intensity invariably results, prob- 
ably due to isomerization of triamcinolone. When 
solution is complete the sample is made to volume 
with ethanol and mixed A suitable dilution is 
made to give about 40 y.% /ml. of steroid A 1-mI 
aliquot of the 40 /ml solution is placed in a 10-ml 
volumetric flask, 1 ml of tetrazolium blue reagent is 
added, followed by 1 ml. of the 1% tetraethylam- 
moniura hydroxide solution, and the solution is di- 
luted to the mark with ethanol After thirty min- 
utes the absorbance is determined at 510-530 m/i 
(maximum ca 525 m/a) using the Beckman DU in- 
strument versus a reagent blank similarly treated. 
Results are calculated with reference to standard 
triamcinolone run at the same time Using these 
techniques the standard deviation for a single deter- 
mination was 0 0093, a scries of 28 replicates gave 
£(5/ig /ml )/l cm (510 m/i) of 0 549 ± 0 009 for 
triamcinolone diacetate 

Determination of Triamcinolone in Tablets. — A 
sample of ten 2-rag tablets of triamcinolone is pul- 
verized in a mortar and triturated with a few milli- 
liters of absolute ethanol The sample is trans- 
ferred to a 100-ml. volumetric flask, made up to 
about 80 ml with absolute ethanol, and shaken on a 
rotary shaker for one hour After making to volume 
with ethanol and mixing, the solution is centrifuged 
until a clear supernatant is had 

This solution is sampled for the several assays re- 
quired. For polarographic analysis an aliquot con- 
taining 2-3 rag. of triamcinolone is transferred to a 
glass-stoppered flask and evaporated to dryness with 
gentle xvarraing under a stream of air The residue 
is dissolved in the calculated volume of polaro- 
graphic solvent and the analysis made by polaro- 
graphic means as already described For colori- 
metric determination with tetrazolium blue, suitable 


dilutions are made of the clear ethanol solution and 
the colorimetric assay made directly without inter- 
mediate removal of the solvent. Ultraviolet absorp- 
tion measurements may also be made on the clear 
ethanol solution, a suitable dilution to about 10 
pg /ml. being made, and the absorbance at 239 ni/i 
taken on the Beckman DU instrument. 

Comparison of the three assays on 4-mg. tablets of 
triamcinolone gave polarographic 4.19 rag , spectro- 
photometric 4.16 mg., colorimetric (tetrazolium 
blue) 3 98 mg. 

Porter-Silber Determination. — The directions of 
Porter and Silber (23) are followed, using ethanol 
solutions of the steroid at concentrations ranging 
from 1.7 to 12 ug /ml Three milliliters of steroid 
solution is mixed vx'ith 24 ml. of the phenylh} drazine 
reagent (65 rag of phenylhydrazine hydrochloride in 
62 ml of concentrated sulfuric acid and 38 ml of 
water), heated at 60° for tw-enty minutes, cooled, and 
absorption spectra recorded over the range 380-590 
m/j using a 5-cm. cell (cf. Table II). 
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A Study of the Effect of Some Emulsifying Agents 
on Drug Release from Suppository Bases* 

By CLYDE W. WHITWORTH and JOSEPH P. LAROCCA 


Suppositories consisting of varying amounts of hydrogenated cottonseed oil. 
Tweens, Spans, and Arlacels were incorporated with a dye and tested for the per- 
centage of dye release at time intervals. Most of the suppositories were tested for 
storage qualities and seven were subjected to in vivo tests. Several of the proposed 
bases appear to be very promising and compare favorably in vivo with a commercial 
brand of suppository now being widely used. 


S uppositories, one of the oldest forms of med- 
ication, have been the object of much experi- 
mentation. This is due to the fact that to be 
practical and useful suppository^ bases must give 
satisfactory drug releases, have good appearance 
and storage qualities, be neutral and nonirritat- 
ing, and be compatible with all medication. 

Until recent years theobroma oil and a few 
other fatty substances were accepted as the most 
satisfactory suppository’ bases. These fat-ty'pe 
bases had many disadvantages. Eiler (1) points 
out that oil soluble drugs when incorporated in 
fat-type bases (unless emulsified) tend to be re- 
leased very’ slowly from the fat. Ohmart (2) 
states also that a fat-type base hinders the action 
of water-soluble medicaments by coating the mu- 
cosa of the body cavity. On the other hand, 
water-soluble drugs tend to be more readily’ re- 
leased for either local or systemic effect when in- 
corporated into a water-miscible base, 

Theobroma oil and other like substances were 
used as suppository bases mainly because they’ 
melted at body temperature. This particular 
proper!)’ is assuming less importance in face of the 
latest research in this field. It is quite apparent 
that the nature of the base is a determining factor 
in the rate of release of a drug for systemic medi- 
cation. Gross and Becker (3) reported several 
new suppostitory’ bases in which emulsify’- 
ing agents increased the rate of drug release. Del 
Pozo (4) found that Lanette Wax and Aerosol OT 
increased the rate of dialysis of potassium iodide 
from cocoa butter in vifro. In studying the in- 
lluences of suppository bases upon the rectal ab- 
sorption of acelylsalicylic acid, Cacchillo and 
Hasslcr (5) reported good absorption from Carbo- 
wax bases, fair absorption from theobroma oil 
bases, and poor absorption from glycerinated gel- 
atin bases. An excellent review of suppositories, 
both old and new, is given bv Gross and Becker 
(3). 

In this study the line of endeavor was to pro- 


duce acceptable suppository' bases consisting of 
hy'drogenated cottonseed oil and some of the 
newer sy’nthetic emulsifying agents. Hartman 
and LaRocca (6) conducted a study on the use of 
mixtures of completely and partially hydrogen- 
ated cottonseed oil as suppository' bases, obtain- 
ing good results. Goto Flakes,* which is com- 
pletely hydrogenated cottonseed oil has a melt- 
ing range of 5S to 62° and an iodine number of 
approximately 6. Cotmar,- which is partially 
hydrogenated cottonseed oil, has a melting point 
of about 34° and an iodine number of about 70. 
The emulsifying agents used were Spans, Tweens, 
and Arlacels.’ Spans and Arlacels are essentially 
partial esters of the common fatty acids, lauric, 
palmitic, stearic, and oleic, and hexitol anhydrides 
derived from sorbitol. They are lipophilic and 
are generally insoluble in water, but soluble in or- 
ganic solvents. Tweens are polyoxyethylene 
derivatives of the Spans (7). They’ are hydro- 
philic. Schwartz, el al. (8), conducted investiga- 
tions using patch tests on human subjects and 
found these emulsifying agents to be nonirritat- 
ing. Feeding tests have also proved them harm- 
less (7). 

EXPERIMENTAL 

About seventy-five different suppositorj- bases 
were prepared during the course of this study. 
From the results of in vitro study seven bases were 
chosen to be studied in vivo, in an attempt to corre- 
late the two methods of determining drug release. 
All were made by fusion of the constituents with a 
minimum amount of heat. The melting points were 
determined using the capillary rise method for class 
two materials as described in the United Slates 
Pharmacopeia XV (9). Table I shows the formulas 
for tlie most satisfactory suppositories and their 
melting points. 

All the suppositories were observed at room tem- 
perature for at least one week and the appearance 
noted. Several of those thought suitable were sub- 
jected to further tests to determine storage quali- 
ties, in which one suppository was wrapped in 
aluminum foil and placed, along with an unwrapped 


* Rc«iyc<! Mnrch 13. ISUkS, from the Research Labors 
Athrns”* Eimeisity of C.corcia, School of Pharmaej 


' Supplied by the Proctor and Gamble Co. 

* Supplied by the Proctor and Gamble Co 

* Supplied by the Atlas Powder Co. 
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Table I — Per Cent Composition and Melting Range of Formulas 









-Spans ' 

/ Arlacels 


Goto 

Melting 

Range, 









No 

Formula 

20 

40 

61 

81 

85 

40 

GO 80 

20 GO 80 85 

Cotmar 

Flakes 

° C 

1 

20 


20 






60 


34-3G 

2 


20 

20 






60 


45-47 

3 



20 



20 



60 


36-3S 

4 



10 






80 

10 

45-47 

5 




10 





80 

10 

46-48 

6 





10 




80 

10 

46-48 

7 



20 






60 

20 

50-52 

8 




20 





60 

20 

50-52 

9 





20 




60 

20 

51-53 

10 







20 


60 

20 

50-52 

11 


15 

20 






60 

5 

^2-44 

12 



20 




15 


60 

5 

44-4G 

13 



20 



20 



57 5 

2 5 

39-40 

14 






30 



50 

20 

47-49 

15 



20 





15 

60 

5 

41-43 

16 



20 





15 

60 

5 

40-42 

17 



20 





15 

60 

5 

40-42 

18 



20 





15 

60 

5 

40-42 

19 









90 

10 

45-47 


one, in an oven at 30° for approximately two 
months Not all the bases were subjected to the 
two months of oven testing, but all were tested for 
stability at room temperature In general, the 
proposed bases which were tested for storage com- 
pared favorably with several commercial supposi- 
tories 

In Vitro Test for Drug Release and Storage 
Tests. — An exact amount of a dye, FD&C Red 
No 2, representing a water-soluble medicinal agent 
Mas incorporated into one suppository After 
tnenty-four hours of refrigeration the suppository 
uas ready for testing. The suppository containing 
the dye uas placed in one percolator of water at 37° 
and a blank suppository in another Low speed 
stirrers maintained circulation At definite time 
intervals samples of water were withdrawn from 
each percolator and the dye release determined 
colorimetrically The reading of the blank was 
corrected each time for the effect of the base alone 
on the transmittance of light The actual per- 
centage of dye released Mas determined from a 


graph previously prepared with known concentra- 
tions of the same dye The procedure is almost 
identical to that used by Hartman and LaRocca (G) 
who give the method in detail Table II shows the 
percentage of dj'e released for each formula tested. 

In Vivo Testing of Suppositories. — A commercial 
brand of pentobarbital sodium suppository with a 
theobroma type base was tested and the time for 
onset of action recorded Thereafter, four of the 
proposed bases which showed good dye release nere 
incorporated with pentobarbital sodium and tested 
in a like manner Two bases shotving poor dje 
release were tested in the animals also Female 
rabbits tvere used in the study and 10 animals Mere 
used in each determination Loss of righting reflex 
M'as taken as the onset of action. Table III shoiis 
the results of the in vivo tests 

DISCUSSION 

Many different formulas for suppository' bases 
Mere studied All contained hydrogenated cotton- 


Table II — Dye Release 


•Per Cent D>e Release- 


Formula 

No 

2 

4 

6 

Time 

8 

m Minutes 

10 

12 

14 

30 

1 

42 5 

42 5 

43 

43 5 

44 3 

44 3 

44 3 

44 3 

9 

25 7 

38 5 

38 5 

38 5 

38 5 

39 3 

39 3 

39 3 

3 

2 9 

2 9 

20 

32 8 

37 6 

39 4 

39 4 

41 8 

4 

2 8 

4 7 

11 8 

17 9 

23 9 

26 4 

30 7 

42 I 

5 

1 0 

4 3 

7 1 

11 1 

12 5 

14 3 

15 5 

21 4 

6 

2 1 

3 9 

7 9 

12 5 

16 1 

21 4 

23 5 

38 5 

7 

1 0 

2 1 

2 1 

2 1 

3 6 

4 3 

4 3 

5 7 

8 

0 

2 0 

3 4 

5 7 

7 0 

7 5 

8 0 

10 0 

9 

2 8 

2 8 

4 3 

5 0 

5 0 

5 7 

6 0 

12 5 

10 

0 

0 

0 

0 

0 

0 

1 4 

2 0 

11 

5 1 

5 1 

7 5 

14 6 

17 5 

28 0 

33 2 

55 4 

12 

1 4 

3 9 

4 3 

16 0 

25 0 

41 0 

42 8 

71 *1 

13 

0 7 

0 7 

31 4 

45 7 

45 7 

45 7 

45 7 

45 7 

14 

0 

0 

0 

0 

0 

0 

0 

I 0 

15 

2 8 

5 7 

24 6 

35 7 

40 7 

46 5 

53 5 

57 8 
47 8 

16 

0 

0 7 

2 1 

2 1 

5 0 

10 0 

28 5 

17 

1 4 

3 2 

7 1 

11 4 

18 5 

22 0 

25 0 

38 5 

18 

2 1 

3 5 

5 7 

14 2 

17 1 

20 7 

22 2 

52 2 

19 

0 

0 

0 

0 

0 

0 

0 

0 
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Table III. — A Comparison of the Rectal 
Absorption from Some Proposed Bases with a 
Commercial Brand Suppository in Rabbits 



No of 

Av’erage Time 
for Loss of 
Righting 

Standard 

Formula 

Rabbits 

Reflex in 

Deviation, 

No 

Used 

Animals, min 

min 

3 

10 

11 5 

±1 84 

4 

10 

14 9 

±3 82 

10 

10 

Ineffective in 


11 

10 

30 min 

8 3 

±1 57 

12 

10 

11 0 

±1 89 

14 

10 

Ineffective in 


15 

10 

30 min. 

9 9 

±2 27 

X" 

12 

16 4 

±5 28 


“ A commercial brand oI suppository with a theobroma 
oil base 


seed oil as the main constituent and varying amounts 
of surface active agents to increase the release of a 
drug as represented by a d 3 'e. 

The percentages of completely and partially hy- 
drogenated cottonseed oil were varied to control 
the melting range of the bases. The concentrations 
of emulsifying agents were varied to try to deter- 
mine the amounts of these that would produce maxi- 
mum dye release. The most desirable base would 
be one that contained a high percentage of hj'dro- 
genated cottonseed oil, which is relatively ine,\- 
pensive, a high melting range for storage qualities, 
and a minimum amount of emulsifying agents that 
would produce acceptable drug release 

As was expected, the bases containing the Tween 
products gave tlie best dye release and also proved 
elTectiv'e in aiiio This was probably due to the 
fact tliat the Tweens are hj’drophilic and the dj-e 
and drug used were water soluble The Span prod- 
ucts gave somewhat less effective dye release Some 
formulas containing both Spans and Tweens gave 
the best dye release Four of the bases showed 
better than 50% dye release in thirty minutes 
The in vivo tests compare seven proposed formulas 
with a commercial suppository' as to onset of action 

When the in vivo and m vitro results ore compared, 
the average times for loss of righting refle.\es in the 
rabbits corresponds to a dye release of 31 to 40% 
in four of the five bases which were most effective 
in t'li'O Two bases which gave poor dye release 
were ineffective in t'li'O 

The most effective base in the in vivo test gave a 
loss of righting reflex in approximately half the time 
of the commercial suppository. The action of the 


commercial suppository was somewhat erratic as 
shown by the standard deviation 

The results in this study cannot be compared 
precisely with other studies using the same method 
of in vitro tests because the composition of formulas 
are not the same. However, certain comparisons 
can be made. Gross (3) found that certain surface 
active agents when incorporated into theobroma oil 
increased dye release Hartman and LaRocca (6) 
found almost no dye release from bases containing 
only hydrogenated cottonseed oil; these results were 
duplicated in this study. In general, other studies 
indicate that emulsifying and surface active agents 
increase drug release. 

The results indicate that dye release is highest 
in bases that contain 35-40% of the emulsifying 
agents and hax'e a melting range of less than 48° 
Abov'e this melting range the dye release and effec- 
tiveness lit VIVO drops off sharply' 

All Uie suppositories reported here had a smooth, 
pleasing appearance and were quickly and easily 
made 


SUMMARY AND CONCLUSION 


Nineteen suppository bases are given Several 
of the bases show good release of a water-soluble 
active ingredient both in vivo and in vitro 
Judging from the dye release tests it seems that 
those bases containing 35-40 per cent of certain of 
the emulsifying agents gave best release. The 
Tween products seem ideally suited as ingredients 
in suppository bases and several of the bases ap- 
pear to be superior to theobroma oil as a s.vstemic 
suppositor)' base 

Seemingly, more effort should be made to cor- 
relate in vivo and in vitro testing of suppositories 
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Antimicrobial Substances from Seeds* 

By JASPER C. MARU2ZELLA and MARTIN FREUNDLICH 


One hundred and ninety-five extracts were prepared from 39 seeds of drug origin 
and screened in vitro against the following test organisms: Escherichia coli, Staphyl- 
ococcus aureus, Serratia marcescens, Mycobacterium smegmatis, Candida albicans, Er- 
tvinia caratovora, and Streptomyces Venezuelae. The di-ethyl ether and acetone sol- 
uble fractions were found to possess greater antimicrobial activity than the ethyl 
alcohol, n-butyl alcohol, and water-soluble fractions. Sixteen of the 39 seeds were 
found to have no antimicrobial activity. Extracts of cardamom (green), tonka ango- 
stura, and celery were found to have antimicrobial activity on at least 6 of the 7 test 
organisms as well as against 12 additional microorganisms. Concentration of the 
extracts to less than one-half the original volume did not increase antimicrobial 

activity. 


^ I *HE SCREENING of higher plants for antimi- 
crobial substances has been an active area of 
investigation for the past two decades. Among 
the more complete of these studies are those of 
Osborn (1), Lucas and Lewis (2), Huddelson, ei 
al. (3), Sanders, ct al. (4), Carlson, el al. (5), and 
Okazaki, et al. (6-11). These investigators have 
tested more than 4,000 higher plants with about 
20 per cent exhibiting some antibacterial activity. 
Other preliminary surveys are those of Atkinson 
and Rainsford (12), Hayes (13), Carlson, el al. 
(14), and more recently Masilungan, el al. (15), 
Atkinson (16), Ferenczy and Gracza (17), and 
Hasegawa, el al. (18). The parts of the plants 
examined for activity were ; leaves, stems, roots, 
barks, flowers, entire plant, fruits, and occasion- 
all}' seeds. Why seeds should be somewhat neg- 
lected in these surveys is not known. This does 
not mean that seeds have not been investigated, 
for indeed they have (19-25). 

Similarly, screening for antimicrobial substances 
from plant drugs has been investigated (26-31) 
with little emphysis placed on seeds. This inves- 
tigation therefore is concerned with extracting 
antimicrobial substances from seeds of drug ori- 
gin. 

MATERIALS AND METHODS 

Test Organisms. — The bacteria emplo 3 'ed were: 
Escherichia coli, Staphylococcus aureus, Serratia mar- 
cescens, Mycobacterium smegmatis, Erwinia cara- 
tovora, Streptomyces Venezuelae, Sarcina lutea. Ba- 
cillus subtilis. Neisseria perflava. Salmonella cholcrae 
suis. Salmonella lyphi murium, and Proteus vulgaris. 
The fungi used were: Candida albicans. Tricho- 
phyton menlagrophytes, Microsporum canis, Helmin- 
thosporium sativum, Cryplococcus rhodobenkani, 
Penicillium digitatum, and Epidermophyton inter- 
digitale. .411 of the bacteria were cultivated in a 


* Received December 5, 1958, from the Department of 
Biology. Long Island University, Brooklyn. X. Y. 

This paper is based in part on a thesis submitted by Mar- 
tin Freundlich to the Graduate School of Long Island Uni- 
versity in partial fulfillment of the requirements for the degree 
of ^Iaster of Science. 

All of the seeds used in this investigation were generously 
supplied by S. B. Penick Company, New York City. 


nutrient broth medium consisting of: polj’peptone 
5 Gm., beef extract 3 Gm., and distilled water to 
make 1 L. For the nutrient solid medium 15 Gm. of 
agar was added to this formula. The fungi were 
cultivated on Sabouraud’s dextrose broth and agar 
(Difeo). 

Preparation of Extracts. — The solvents used for 
extracting antimicrobial substances from the 
seeds tvere: distilled water, ether, acetone, alcohol, 
and «-butyl alcohol. The extraction procedure was 
conducted as follows: Twenty grams of dry seeds 
was added to SO cc. of solvent and allowed to soak 
for one hour. The material was placed into a 
Waring Blendor and macerated for two minutes, then 
filtered through filter paper. 

Method of Testing. — The filter paper disk 
method of Vincent and Vincent (32) was used to 
determine the presence of antimicrobial activity. 
In this method 1 cc. of a twentj'-four hour broth 
culture of bacteria was placed into Petri dishes 
with approximately' 10 cc. of nutrient agar. In the 
case of the fungi, 1.5 cc. of a two to three-day old 
culture were placed into Petri dishes together with 
about 10 cc. of Sabouraud’s dextrose agar. Filter 
paper disks (6.35 mm. diameter) were saturated with 
the extract and allowed to air dry. This procedure 
was repeated so that each disk contained four appli- 
cations of the extract. The disks thus prepared 
were placed on the surface of the seeded agar. All 
dishes with bacteria were incubated at 37° for twenty- 
four hours except E. caratovora (fortj'-eiglit hours at 
room temperature) and S. Venezuelae (twentj'-four 
hours at room temperature). All of the dishes 
with fungi were incubated at 37° for three daj's ex- 
cept H. sativum which was incubated for two daj’s 
at room temperature. Zones of inhibition surround- 
ing the disks were measured with a mm. ruler and 
an illuminated Quebec colony counter. Six disks 
were prepared for each extract and tested against 
each organism. Zones of inhibition recorded repre- 
sent a mean value of six readings. 

Additional extracts were prepared in the same 
manner as described above but the final volume of 
these extracts was concentrated ( by evaporation) 
to less than one-half its original volume. These 
concentrated extracts were also tested for anti- 
microbial activity. 

RESULTS AND DISCUSSION 

One hundred and ninetj'-five extracts were pre- 
pared from 39 seeds and screened against seven test 
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Table I —Antimicrobial Activity of Seed Extracts 
— — — - — —Zone of Inbtbition in mm °- 



B 

S 

- 

marce 

*U 

smeg- 

c 

albi 

B 

carato- 

s 

Vene- 

Seeds 

coh 


scens 

malts 

cons 

xora 

ziielae 

Ambrette*' (wa) 

0' 

0 

0 

2 

0 

0 

0 

Angelica (ac) 

0 

2 

0 

2 

3 


0 

.Angelica (ba) 

0 

2 

0 

2 

3 

2 

5 5 

Anise (ac) 

0 5 

2 

1 5 

3 

4 

1 

4 

Annatto (ee) 

0 

1 

0 

0 

0 

0 

0 

Annatto (ac) 

0 

1 

0 

0 

0 

0 

0 

Annatto (ea) 

0 

1 

0 

0 

0 

0 

0 

Annatto (ba) 

0 

1 

0 

0 

0 

0 

0 

Asparagus (wa) 

2 

2 

0 

1 5 

0 

1 

2 

Caraway (ea) 

0 5 

0 5 

0 5 

0 


0 5 

4 

Caraway (ba) 

0 5 

0 5 

3 

0 

2 

0 5 

2 

Cardamom, green (ec) 

4 

2 

0 5 

5 

4 

0 5 

6 

Cardamom, green (ac) 

4 

3 5 

0 5 

5 5 

3 

0 5 

4 5 

Cedron (ea) 

0 5 

0 

0 

2 5 

0 

1 

0 

Celery (ee) 

0 

2 

1 

1 

5 


8 

Conander (ee) 

2 

0 

0 


0 

1 

4 5 

Coriander (ac) 

2 5 

0 

0 

2 

0 

1 

4 5 

Cumin (ee) 

3 

0 

0 5 

3 

3 

0 

5 

Dill (ea) 

0 

0 

0 

0 

0 5 

0 5 

4 5 

Dill (ba) 

0 

0 5 

0 

0 

0 5 

0 

4 

Fennel (ee) 

3 5 

1 5 

1 5 

1 5 

4 

6 

5 

Fennel (ac) 

2 

1 5 

2 

1 5 

4 

6 

5 

Fennel (ea) 

1 

2 

2 

1 5 

4 5 

6 

5 

Fennel (ba) 

2 5 

1 

1 5 

1 5 

4 5 

6 

5 

Jarabu! (wa) 

0 

3 

0 

1 6 

0 

3 

4 

Larkspur (ee) 

0 

1 

0 

0 5 

1 5 

1 6 

1 

Mustard, yellow (wa) 

0 

0 

0 

0 

0 

0 

2 

Nigella (ac) 

1 

8 

1 

1 

2 

1 5 

9 

Nux Vomica (wa) 

0 

0 

0 

0 

0 

0 

0 5 

Nux Vomica (ea) 

0 

0 

0 

0 

0 

0 5 

0 

Nux Vomica (ba) 

0 

0 

0 

0 

0 

0 5 

0 

Sabadilla (ea) 

1 

0 

0 

0 

2 

0 

2 

Sabadilla (ba) 

1 

0 

0 

0 

2 

0 

1 5 

Stavcsacre (w-a) 

0 

0 

0 

0 

0 

0 

5 

Sunflower (wa) 

0 

0 

0 

2 

0 

0 

0 

Tonka angostura (ee) 

2 

0 

2 5 

1 5 

5 

3 

S 

Wormw'ood American (ee) 

4 

1 5 

0 

1 

2 

1 

4 

Wormwood American (ea) 

4 

2 

0 

1 

4 

1 

4 


® Measurement from disk edge to zone edge 

b yra — water extract, ee — ether extract, ac — acetone extract, ea — ^alcohol extract, ba — «-butyl aicohol extract 
Zone of inhibition absent 


organisms Tlie axtracts from 23 seeds wliicii «erc 
found to possess greatest antimicrobial activity arc 
listed in Table I together with the solvents used for 
extraction and zones of inhibition Extracts pre- 
pared from the following seeds were found to be in- 
active against the seven test organisms: calabar 
bean, conium, fenugreek, flax, hemp, millet, mustard 
(black), psyllium, pumpkin (select), quince, rape, 
sesame, stramonium, stroplianthus, ivatermeilon, 
ami thistle (black) The ether and acetone soluble 
fractions possessed the greatest antimicrobial activ- 
ity It uas found that E coh was most susceptible 
to ether, acetone, and alcohol extracts of cardamom 
(green) and uonmvood (American), S aureus to 
ether, acetone, alcohol, and ()-but> 1 alcohol extracts 
of nigclla, 5 (iiorrMcrni to ether, acetone, alcohol, 
and H-butyl alcohol extracts of tonka angostura, M 
smcj^niatis to ether and acetone extr.acts of cardamom 
(green), C d/lnrcD/t to ether and acetone extraclsof 
celery and tonka angostura, B caratovora to ether, 
acetone, alcohol, and n-hutyl alcohol extracts of 
fennel, and 5 Vcnezuclac to ether, acetone, alcohol, 
and H-butyl alcohol extracts of nigclla, cclerx', and 
tonka angostura 

U is iutcrcstiiig to note that the essential oils ob- 
tained from the seeds of anise, carats ay, cardamom. 


cclety, coriander, dill, fennel, and wormwood have 
been reported to possess antimicrobial properties 
uith the filter paper disk method (33, 34) In this 
investigation extracts of these seeds were also found 
to possess antimicrobial properties Whether the 
essential oil contained in these seeds is responsible for 
microbial inhibition has not been determined in this 
study. Honever, Ferenezy (22) has presented 
evidence to indicate that tlie antibacterial activity 
of petrosclinum seeds is due to its volatile oil content 
Nine extracts of different seeds showing marked 
antimicrobial activity against the organisms screened 
in Table I were selected and concentrated Upon 
screening these concentrated extracts on the seven 
tist organisms it was found that the zones produced 
did not differ appreciably from the unconcentrated 
extracts These concentrated extracts were further 
tested against 12 additional niicroorganisras, the 
results of which are found in Table 11 From these 
data it is seen that the acetone-soluble fraction of 
cardamom (green) as well as the ether-soluble 
fractions of tonka angostura and celery possess a 
xcry wide spectnun The activity of tonka ango- 
tura max be attributed to its coumarin conten 
For indeed coumarin bos been reported to posse 
antimicrobial properties (35, 30). 
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Table II — Antimicrobial Activity of Concentrated Seed Extracts 



S 

B 

N 

Per 


lu- 

sub 

fia 

Seeds 

tea 

ttlts 

la 

Anise (ac^ 
Cardamon. 

4 

2.5 

0' 

green (ac) 

8 

5 

3 

Celery (ee) 

7 

5 5 

1 

Coriander (ee) 

2 

0 5 

1 

Fennel (ac) 

10 

1 5 

0 

Nigella (ac) 

20 

2 

0 

Sabadilla (ea) 
Tonka angostura 

9 

1 

0 

(ee) 

Wormwood, 

8 

2 

1 5 

American (ee) 

6 

1 

1 


■Zone of Inhibition in mm 
T 


s 

5 

p 

menta- 

cholerae 

hJiht 

vul- 

gro 

sms 

murtitm 

garis 

phytes 

0 5 

0 5 

1 5 

1 5 

5 

4 5 

8 

5 

1 

1 

5 

4 

0 

1 

5 

0 

0 

0 

3 

14 

0 

0 

2 

9 

0 

0 

0 

2 

2 5 

1 5 

1 

11 

3 

0 

2 

13 



H 

C 

rhodo 

P 

E 

tttler 

M 

sa 

ben- 

digt 

dtst 

cams 

tivum 

ham 

latum 

tale 

2 

4 5 

1 

1 5 

1 

3 5 

8 

4 

5 

5 

6 

7 

3 

3 5 

4 

0 5 

3 5 

1 

0 5 

1 

1 

5 5 

5 

5 

10 

5 

5 

3 

8 

10 5 

0 

0 

0 

2 

5 

1 

8 

9 

9 

13 

2 

6 

7 

6 

U 


° Measurement from disk edge to zone edge 
6 ac — acetone extract, ee — ether extract, ea — alcohol extract 
^ Zone of inhibition absent 


SUMMARY 

1 One hundred and ninety-five extracts were 
prepared from 39 seeds of drug origin and screened 
against the following test organisms' Escherichia 
coli, Staphylococcus aureus, Serratia marcescens, 
Mycohacleritm smegmalts, Candida albicans, Er- 
unnia caratovora, and Streptomyces Venezuelae 

2 The solvents used for extraction were ether, 
acetone, alcohol, n-butyl alcohol, and water 
The ether and acetone-soluble fractions were 
found to have the greatest antimicrobial ac- 
tivity. 

3 Sixteen of the seeds were found to possess 
no antimicrobial activity with all extracts pre- 
pared while the remaining 23 seeds were found to 
be active 

4 Extracts of cardamom(green), tonka ango- 
stura, and celery were found to have anti- 
microbial activity on at least six of the seven test 
organisms as well as against all of the following' 
Sarcina lutea. Bacillus subtihs. Neisseria perflava. 
Salmonella cholerae suis, Salmonella typhi mur- 
ium, Proteus vulgaris. Trichophyton mentagro- 
phytes, Microsporum canis, Helminthosporium 
sativum. Cryptococcus rhodobenhani, Pemcilliunt 
digitatum, and Epidermophyton intcrdigitale 

0 . Antimicrobial activitj' was not increased by 
concentrating the extracts 
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Analysis of Barbiturate Salts in Various Dosage Forms 
by an Ion Exchange and Nonaqueous 
Titration Procedure* 


By MURIEL C. VINCENT and MARTIN I. BLAKE 


Barbiturate salts in various dosage forms are 
determined by liberating the barbituric acid 
from the salt by passage through a cation ex- 
change resin. Dimethylformamide is used 
as the solvent. The barbituric acid is ti- 
trated visually with 0.1 N sodium raethoxide 
in benzene-methanol. The method is rapid 
and avoids the tedious extraction procedure. 


S uccessful titration of barbiturates in non- 
aqueous solvents has been reported bj' nu- 
merous workers. Vespe and Fritz (1) determined 
barbiturates, pure and in dosage forms, by visual 
titration in dimethylformamide using sodium 
methoxide in benzene-methanol. It was noted 
that for tablets, the barbiturate may either be ex- 
tracted prior to titration, or the powdered tablets 
may be titrated directly. 

Pifer, Wollish, and Schmall (2) describe a pro- 
cedure for the nonaqueous titration of bar- 
biturates. Sodium salts of the barbiturates are 
determined by liberating the barbituric acid with 
sulfuric acid, followed by e.\traction with an or- 
ganic solvent. Dimethylformamide is added and 
the solution is titrated with sodium methoxide. 

Swartz and Foss (3) titrated barbiturates, as 
free acids, in a polyethylene glycol 400 and chloro- 
form mixture. Titration was effected potentio- 
metrically with sodium methoxide. Salts were 
extracted with chloroform, after acidification, 
using a Schmall e.xtractor. The extracted barbi- 
turic acid was titrated b)" the proposed method. 

Ryan, Yanowski, and Pifer (4) used lithium 
methoxide in benzene-methanol as titrant for 
barbituric acids and their salts. Salts, capsules, 
and tablets were extracted, after acidification, in a 
Schmall extractor or Squibb separator. The ex- 
tracted barbiturates were titrated with Htliium 
methoxide. 

Chatten (5) titrated barbituric acids visually 
with potassium hydroxide in methanol, using 
chlorofonn as the solvent. It is indicated that 
barbiturate salts may be analyzed by liberation 
and extraction of the barbituric acid. 

Ion exchange resins have been applied to the 
analysis of barbituric acids (6, 7), but not to the 
salts. 
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This report describes a procedure for the analy- 
sis of barbiturate salts, pure and in various dosage 
forms. A solution of the salt in dimethjdform- 
amide is passed through a cation exchange resin. 
The effluent, containing the barbituric acid, is ti- 
trated visually with sodium methoxide in ben- 
zene-methanol. The indicator is azo violet. 


EXPERIMENTAL 

Preparation of Column. — The cation exchange 
resin Ambcrlite IRC-50 was used in this study 
The column was prepared as reported in a previous 
paper (8). 

Nonaqueous Titration. — All titrations were ef- 
fected visually with 0.1 N sodium methoxide in 
benzene-methanol, prepared and standardized as 
described earlier (9). The indicator was azo 
violet (saturated solution of j)-nitrobenzene-azore- 
sorcinol in benzene). 

Assay Procedure . — Pure Barbiturale Salts . — 
Approximately 100 mg. of the barbiturate salt, 
accurately weighed, was dissolved in 20-25 ml. of 
dimethylformamide, and the solution was passed 
through the column of resin. Additional dimethyl, 
formamide was added to the column until 50 ml. of 
effluent was collected. The effluent was titrated 
visually to the first permanent blue color. With 
each series of five determinations a blank was run. 

With each barbiturate salt several potentiometric 
titrations were conducted using a Fisher titrimeter 
equipped m'th a calomel and glass electrode system. 
Indicator solution was added and the color change 
was noted at the potentiometric end point. In each 
case, the color change which most nearlj' approxi- 
mated the true end point, was the first permanent 
blue color. 

Ampuls . — Samples containing about 100 mg. of 
barbiturate salt were used for analysis. Ampuls 
containing liquids were assayed bj’ removing a suit- 
able aliquot and diluting to about 25 ml, with di- 
raethylformamide. The solution was passed 
through the column. Fifty milliliters of effluent 
was collected and titrated as described for barbitu- 
rate salts. Ampuls containing solid material were 
analyzed by dissolving the powder in a suitable v’ol- 
ume ot dimethylformamide. An accurately meas- 
ured aliquot, containing about 100 mg. of barbi- 
turate salt, was treated in the described manner. 

Capsules and Tablets . — ^The contents of a suitable 
number of capsules or tablets were dissolved in di- 
methylformamide. The solution was filtered into 
a volumetric flask, the filter was rinsed with di- 
methylformamide. and the flask was made up to 
volume. An aliquot equivalent to about 100 mg. 
of barbiturate salt was removed and treated in the 
usual manner. 
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Suppositories . — A suitable number of suppositories 
was dissolved in dimethylformaraide with the aid 
of gentle heat. The solution was cooled and filtered 
into a volumetric flask. The filter was washed with 
additional dimethylformamide and the flask ivas 
made up to volume. An aliquot containing about 
100 mg. of barbiturate salt was analj’zed as described 
above. 

The results obtained for the recovery of barbi- 
turate salts from various dosage forms are listed 
in Table I. 


DISCUSSION 

The successful determination of barbiturates by 
direct nonaqueous titration has been reported bj’ 
numerous W’orkers. It has been clearly demon- 
strated that the procedure is more rapid and less 
tedious than the official method, and is equivalent 
in accuracy and precision. The salts of the barbi- 
turates, on the other hand, require an e.xtraction 
procedure after conversion of the salt to the free 
acid, which is subsequently determined by non- 
aqueous titration in the usual manner. The analysis 
of barbiturate salts may be determined in glacial 
acetic acid by titration with perchloric acid, but 
Ryan, el al. (4), have indicated that the procedure 
is not feasible for other dosage forms because of 
interference due to the presence of diluents and 
excipients. The results of the present study indi- 
cate that a cation exchange resin can be used suc- 
cessfully for extraction of the free barbituric acid 
from the salt form by exchanging a hydrogen for the 
metal of the salt. The effluent is titrated with 0.1 N 
sodium methoxide. The method is applicable to a 
wide variety of dosage forms. With the exception 
of enteric coated tablets of pentobarbital calcium, 
good results were obtained as shown in Table I. 
No explanation can be offered for the poor precision 
reported for pentobarbital calcium. Application to 
the analysis of elixirs proved unsuccessful. A 
number of elixirs were studied, but consistent re- 
sults were not obtained. Interfering ingredients 
and difficulty in removing the water from the elixir 
base probably contributed to the failure of the 
method. However, elixirs may be analyzed by 
emplo 3 'ing the extraction procedure as in the official 
method. 

Several advantages of the ion e.xchangc modifica- 
tion are apparent. The method is more rapid and 
eliminates the tedious process of e.\traction. Once 
the column has been prepared at least 15 determi- 
nations can be effected before regeneration becomes 
neeessarj’. 

In the course of this investigation it was observed 
that blank corrections were v'erj' low, negligible in 
most cases. It appears that passing dimethj'l- 
formamide through the resin column serves as a 
means of purifj'ing the solvent. It is free of odor 
and acidic impurities. 


Table I. — Analysis of Barbiturates in Dosage 
Forms 


Dosage Form 

Pure Salts 

Amobarbital sodium 
Barbital sodium 
Butabarbital sodium 
Butalljdonal sodium 
Cyclobarbital calcium 
Pentobarbital sodium 
Phenobarbital sodium 
Secobarbital sodium 
Thiopental sodium 


Recovery, % 


99.32 ±0.40" (3)' 
100.19 ±0.94 (4) 
98.88 ±0.37 (3) 
100.92 ±0.07 (2) 
99.81 ±0.72 (3) 
100, 16 ±0.21 (3) 
99.65 ±0.36 (3) 
100.71 ±0.02 (2) 
100.22 ±1.05 (4) 


100,36 ±0.80 (3) 
99.47 ±0.72 (3) 

100,11 ± 0.93 (3) 

101.46 ±0.77 (3) 

100.02 ±0.61 (3) 
99.76 ±0.34 (3) 

100 97 ±0.22 (3) 


100.83 ±0.83 (2) 

99. 79 ±0.33 (3) 
100,73 ±0.38 (3) 


99 36 ±0.65 (4) 
100.85 ±0.40 (3) 


99.75 ±0.34 (3) 
101.46 ±2 79 (4) 
98.74 ±0.47 (3) 


Ampuls 

Amobarbital sodium, 

65 rag.' 

Hexobarbital sodium, 1 Gm. 

Pentobarbital sodium, 

2.5 Gm. 

Phenobarbital sodium, 130 
mg. 

Secobarbital sodium, 250 
mg. 

Thiamylal sodium, 10 Gm. 

Vinbarbital sodium, 300 
mg. 

Capsules 

Amobarbital sodium, 1 gr. 

Pentobarbital sodium, 100 
mg. 

Secobarbital sodium, Vagr. 

Suppositories 

Pentobarbital sodium, 200 
mg. 

Secobarbital sodium, Va gr. 

Tablets 

Amobarbital sodium, E.C., 
200 mg. 

Pentobarbital calcium, 

E.C., 100 mg. 

Secobarbital sodium, E.C., 

V< gr. 


° Based on labeled amount. ^ Number of determinations. 
Labeled amount in unit dosage form 


REFERENCES 

(1) Vespe, V., and Fritz, J S., This Journal, 41, 1^7 
(1952). 

(2) Pifer, C. W.. Wollish, E G., and Schmall. M.. tbid., 
42,509(1953). 

(3) Swartz, C J., and Foss, N. E., ibid., 44, 217 (I9o5). 

(4) Ryan, J. C , Yanowski, L. K., and Pifer, C. \V., tbid., 
43,056(1954). 

(5) Chatten, L. G., J. Pliarm. and Pharmacol , 8, 5Ui 

(6) Jindra, A , and Balak, F., Ceskoslov. farm., 6, Ho 
(1957), through CArw Aftj/r.. 51, 17100(1957). 

(7) Thomas, G., Roland. P , and Crticke, F-, Ann. 
franc., 12, 313(1954); through Chem. Abslr.. 48, 13IfiO{l9o4). 

(8) Vincent, M. C., and Blake. M. I., Drug Standards, 
26,200(1958). 

(9) Blake. M. I., Tins Journal, 46, 287(1957). 



A Note on the EfiFects of Gibberellins on Alkaloidal Content of 

Hyoscyamtis ni^er* 

By JOHN Y. MASUDA and GLENN H. HAMOR 


A comparative assay was made for total alka- 
loids of the gibberellin-treated and untreated 
Uioscyamns mger by the U. S. P. assay pro- 
cedure. It has been shown that gibberellins 
do not increase the alkaloidal content in the 
leaves The total alkaloidal content of the 
overground portion of the plant was some- 
what less than that of the untreated plants. 

T he plant -growth stimulating properties of 
gibberelhns, obtained from the fungus, Fusarjttm 
momlifonnc, had been observed in Japan as early' as 
1926 It was not until recent y cars that evhaustive 
experimentations have been earned on in the United 
States 

The mayor effects of gibberelhns on plants have 
been reported as producing increased rate of grow th 
and increased size and weight (1) It has also been 
shown that gibberelhns may' replace light in plants 
grown under low light intensity (2) 


flowered strain, were grown from seeds m a green- 
house at a temperature of 20° in which tlie photo 
period was kept at eighteen hours b% supplementmg 
natural light w ith artificial illumination Cr\ stallme 
gibberelhn’ was dissolved m distilled water to which 
a small amount of Tween 20 was added and an 
amount equivalent to 5 pg was applied daily with a 
hypodermic syringe at the base of the leaf nearest the 
apev of the stem (4) 

The leaves showed some discoloration and seemed 
to be weaker m appearance than the leav es of the un- 
treated control plant The most noticeable effect of 
of the gibberellm-treated plant was stem elongation, 
with resultant increase in the internodes There was 
considerable increase in total dry' weight m the 
treated plants due to increase in stem weight, but 
the weight of the leaves was shoivn to decrease 
slightly The data on weight, height, and alkaloidal 
content are given in Table I The figures shown are 


Table I 


7^. 


Alkaloids, % 


HeiKht, 

Dajs 

Dry Weight, Gm 

Sample 1 Sample 2 

Sample 3 

Inches 



Treated Plants 




21 

2 3 




14 5 


Leaves, 1 12 

0 171 

0 166 

0 168 



Stem, 1 18 

0 023 

0 023 

0 022 


28 

2 55 




21 5 


Leaves, 1 14 

0 128 

0 130 

0 129 



Stem, 1 41 

0 014 

0 016 

0 017 


35 

2 85 




26 0 


Leaves, 1 13 

0 127 

0 126 

0 129 



Stem, 1 72 

0 014 

0 013 

0 013 


42 

3 14 




36 5 


Leaves, 1 09 

0 123 

0 124 

0 122 



Stem, 2 05 

0 005 

0 006 

0 006 




Untreated Plants 





Leaves 





21 

1 23 

0 169 

0 178 

0 171 

6 0 

28 

1 24 

0 142 

0 146 

0 140 

6 1 

35 

1 26 

0 144 

0 142 

0 139 

6 2 

42 

1 29 

0 153 

0 150 

0 158 

6 5 


Smith and Sciuchetti (3) reported decrease in total 
alkaloids m the leaves, tops, and stems of Datura 
slramoutum which were treated with gibberelhc acid 
m concentrations of 100 and 1,000 ppm The 
roots, howcicr, were observed to have increased al- 
kaloid production They also observ ed decrease in 
total alkaloids m the leav cs, tops, stems, and roots of 
Alropa beUadena winch were spraved with gibberelhc 
acid three successive times at ten day intervals In 
this investigation a comparative assiy was con- 
ducted on treated and untreated H^oscyamus niger 
tor total alkaloidal content The plants used for this 
uivestigaiion were grown and obtained tlirougli the 
eoiirtcsv of Anton L.ing of the Dep irtmciit of 
Botanv, Umversitv of Gilifornn, Los Angeles, and 
their identitv certified bv him 

PI lilts of Hyo^cyaiitus nigcr, of a biennial, purple- 


Hits from the Sehool ot Phamtae 
tlnocrvitj of ixmihcrn Cahfornja 1 os Anecles 


averages of 24 plants and the weights given are av- 
erage weight per plant 

The U S P assav procedure was used but, be- 
cause of the limited amount of sample, the weight of 
the samples used was one-half the required weight 
The plants w ere harv ested at mterv als of sev cn day s 
and were immediately dned for two days in a 
circulating oven at a temperature of 40° This ma- 
terial was ground and analysis performed irame- 
diatelv 
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Communication to the Editor 


The Amount of Fines Necessary for a 
Tablet Granulation 

Dear Sir: 

Numerous articles, books, and advertising 
pieces discussing compressed tablet manufacture 
mention the importance of "fines.” Occasion- 
ally, 10-20% is set as the maximum amount of 
“fines” permissible. It is interesting to note that 
“fines” are rarely defined. 

We are of the opinion that there is no general 
limit to the amount of “fines” (whatever they 
may be) that can be present in a granulation. 
Objections to “fines” must be determined for 
each specific formula. 

To illustrate that “fines,” in the freely used 
sense, are not always objectionable, the following 
e.\-amples are listed. 

A. Tablets of 3-phenylpropylcarbamate, 400 
mg. each, were prepared. Sieve analysis of the 
granulation indicated that all material passed 
through a No. 30 screen and 50% through a No. 
200 screen. The tablet was successfully com- 
pressed at approximately 300 tablets per minute 
on the Stokes Model B-2 rotary tablet machine. 

B, A standard AFC tablet using 40 mesh 
aspirin crystals and spray dried acetophenetidin 
(1) was prepared by direct compression. Sieve 
analysis indicated that all the material passed 
through a No. 30 screen, 84% through a No. 60 
screen, and 62% passed through a No. 100 screen. 
The tablets were successfully compressed at 
approximately 1,400 tablets per minute on a 
Stokes Model BB-2 rotary tablet machine. 


C. A placebo spray-dried calcium sulfate 
granulation was prepared. Sieve analysis indi- 1 
cated that 92% passed through a No. 100 screen. 
The tablet was successfully compressed at ap- 
pro.ximately 700 tablets per minute on a Stokes 
Model B-2 rotary tablet machine. 

D. A standard wet-granulated calcium sul- 
fate granulation was prepared. Sieve analysis 
indicated that all the material passed through a ’ 
No. 30 screen and 84% through a No. 100 screen. 
The tablets were successfully compressed at 
approximately 2,000 tablets per minute on a 
Stokes Model BB-2 rotary tablet machine. 

E. Tablets of chlorpromazine, 25 mg. each, 
were prepared by a standard wet granulating 
technique. Sieve analysis indicated that 20% 
of the material was retained on a No. 20 mesh 
screen, 40% retained on a No. 100 mesh screen, 
and 40% passed through a No. 100 mesh screen. 
The tablets were successfully compressed at ap- 
proximate!)' 1,800 tablets per minute on a Stokes 
Model BB-2 rotary tablet machine. 

We do not wish to imply that “fines” are not 
an integral part of a granulation, nor do we wish 
to imply that they do not influence compression. 

For each specific granulation one must determine 
what portion (of the smaller mesh size) is unac- 
ceptable, and why it is unacceptable; this then 
could be termed excessive "fines.” 

fl) U S pat. 2,798,838, July 9, 1957. 

Smith Kline and French Stanley J. Tucker 

Laboratories Henry M. Hays 

Philadelphia, Pa. 

Received April 14, 1959. 


Book Notices 


The Chemistry of Drugs. 3rd ed. By Norman 
Evers and Dennis Caldwell. Interscience 
Publishers, Inc., New York, 1959. 415 pp. 15 x 
23 cm. Price S12.25. 

This is an entirely new book, the third edition 
published in 1933 having been completely revised. 
The new third edition deals with the chemistry of 
both syntlietic and natural drugs, their structure, 
methods of preparation, and synthesis, and in ad- 
dition, their chemical properties and therapeutic 
uses. Comprehensive tables of official or approved 
names of drugs together with their proprietar)’ 
names and chemical names are also included. 
Approximately half of the book is devoted' to syn- 
thetic drugs, and the other half to naturally oc- 
curring medicinal chemicals. 


Textbook of Physiology and Biochemistry. By 
George H. Bell, J. Norman Davidson, and 
Harold Scarborough. The Williams and Wil- 
kins Co., Baltimore, 1959. xi -t- 1,0C5 pp. 16.5 
X 24 cm. Price S12.50. 

This is the fourth edition of a book that is in- 
tended to be an introduction to the study of physi- 
ology and biochemistry. In order to bring the tc.vt 
up to date, considerable rewriting has been done, 
even though the third edition was published only 
two years ago. The book is intended primarily for 
medical students, but should be useful to students in 
related fields. Numerous cross references correlate 
the information presented under different sections 
of the subject. References are given after each of 
the 55 chapters, and an inde.x is appended. 
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Recent Studies in Yeast and Their Significance in 
Industry. S. C. I. Monograph No. 3. The Mac- 
millan Co.. New York, 1959. 162 pp. 14 x 21.5 
cm. Price S2.95. 

This book includes papers and discussions pre- 
sented during a Symposium organized by the Dublin 
and District Section of the Microbiologj' Group and 
the Food Group held in Dublin in September 1956. 
Six sessions were held during the Symposium, during 
which recent advances in research on yeasts were 
presented. 


Mono- and Sesquilerpenoids. Vol. II of The Chem- 
istry of Natural Products. By P. de Mayo. 
Intcrscience Publishers, Inc., New York, 1959. vii 
-h 320 pp. 15 X 23 cm. Price $7.50. 

The Higher Terpenoids. Vol. Ill of The Chemistry 
of Natural Products. By P. de Mayo. Inter- 
science Publishers, New York, 1959. vii + 239 
pp. 15 X 23 cm. Price S6. 

' The first volume of this important series on the 
chemistry of the alkaloids was described briefly 
in This Journal, 47, 232(1958). Volumes II and 
III, dealing with the chemistry of the mono- and 
sesquiterpenoids of the higher terpenoids, respect- 
ively, have recently^ been published simultaneously. 
Both volumes represent an important contribution 
to the chemisto' of these'important and interesting 
compounds. The terpenoids provide a clear con- 
cept of the versatility' of carbonium ion rearra'nge- 
raents and furnish a useful framework upon which 
many general chemical reactions may be studied. 
These include synthetic and degradative processes 
and furnish examples of the sterochemical require- 
ments of reactions and of the relationship between 
stcrochemistry' and stability and other physical 
properties. 


Metlwden der Organischen Chemie (Houben-Weyl). 
Stickstoff-Verbindungen II/III. 4th ed. Band 
XI/2 Edited by Eugen Muller. Georg Thieme 
Verlag, Stuttgart, 1959. xlviii -)- 840 pp. 17 x 
25,5 cm. Price DM 155, subscription DM 139.50. 
This volume represents the tenth in a series of a 
completely' new and revised fourth edition of 
“Methoden der Organischen Chemie (Houben- 
Weyl),” the first of which was published in 1952. 
The publication of the volumes have not run con- 
secutively', and it is expected that at least fourteen 
will be required to complete the new revision. 
The first in the series was Band VIII, covering the 
third part of oxygen-containing compounds. The 
present volume, XI/2 contains a conclusion of tlie 
second part of XI/1 which was devoted to Nitrogen 
Compounds II. Band XI/1 was described in 
This Journal, 47, 612(1958). About one-third 
of Band XI/2 covers the transfoiination re.actions 
of iirimary and secondary amines. Conversion re- 
actions by which amines are transformed into other 
substances such as acid amides, amidincs, nitra- 
mincs, and hydroxamines arc comprehensively 
presented, and deamination reactions arc dis- 
cussed. In addition, special acylation methods are 
competently discussed for the introduction of acid 
radicals such as fonnyl, acetyl, and benzoyl into 
amines. 

Nitrogen Compounds III is composed of five 


chapters. In the first chapter, which is relatively 
short, the preparation and transformations of 1,2- 
and 1,3-0 Iky lenimines are discussed. The second, 
and one of the largest chapters is devoted to meth- 
ods for the preparation and transformations of 
amino acids and their derivatives. This chapter is 
particularly' outstanding because of its complete- 
ness of treatment of the important group including 
amino acids. Analytical methods for these com- 
pounds are adequately covered. 

The fourth chapter, which also is quite extensive, 
covers preparative methods and other pertinent 
information relating to quaternary ammonium 
compounds. The fifth and last chapter deals with 
nitrogen-sulfur compounds and follows the usual 
arrangement of the other chapters by providing a 
general introduction to the subject and information 
concerning methods of synthesis and transformation 
reactions. Volume XI/2 contains an author and a 
subject index, both of which are well designed and 
which enable the reader to locate information 
quickly. 

Colorimetric Determination of Traces of Metals. 
3rd ed. By E. B. Sandell, Interscience Pub- 
lishers, Inc., New York, 19,59. xxii -f 1,032 pp, 
15 X 23 cm. Price $24. 

The general plan of treatment of the subject in 
this third edition is the same as in the second 
edition, which was reviewed in This Journal, 40, 
177(1951). Methods that have been published 
since 1950 were reviewed. Some have replaced 
former methods, and other older methods have been 
revised. The many references and the indexes 
enhance the value of this book to the analy tical 
chemist. 

Modern Pharmacognosy. By' Egil Ramstad. Blak- 
iston Division, McGraw-Hill Book Co., Inc , 
New York, 1959. viii -f- 480 pp. 15 x 23 cm. 
Price S10.50. 

This textbook presents drugs of biological origin 
with emphasis on their biochemical relationships 
The drugs are arranged in chapters according to 
chemical classifications. The latter part of the 
book takes up commercial drug production, forma- 
tion of drug constituents, variability' in drug activity, 
preservation and storage, and analysis of natural 
drug products. An index is appended. 

Cell and Tissue Culture. By John Paul. E. & S. 

Livingstone Ltd., Edinburgh and London, 1959 

Distributed in the U. S. by the Williams & Wilkins 

Co., Baltimore, viii -f 261 pp. 14 x 21.5 cm. 

Price $7. 

An up-to-date account of tlie techniques and 
applications of the important subject of tissue 
culture is presented. The text is based on the in- 
struction given at tlie Tissue Culture -Association 
Summer Course, and has been written particularly 
with the needs of participants of that course in 
mind. The book is divided into four parts. In 
Part I, the principles of cell culture are outlined 
in a series of six chapters. This is followed by com- 
parable treatment of subjects pertaining to the 
preparation of materials, special techniques, and 
applications of cell and tissue culture methods. 
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American Drug Index 1959 Bj Charles O 
Wilson and Tom Everett Jones J B 
Lippincott Co , Philadelphia, 1959 671 pp 

13 5 \ 20 5 cm Price S5 75 
This IS the fourth annual edition of a useful 
compilation of generic, trade, and chemical names 
and composition of drugs and dosage forms nith 
indicated uses Although the te\t has been brought 
as up to date as possible with the addition of neu 
drugs, the elimination of less useful matenal has 
enabled the reduction from 716 pages (1958) to 
671 pages 

New and Nonoffictal Drugs 1959 Evaluated by the 
A M A Council on Drugs J B Lippincott Co , 
Philadelphia, 1959 wvii + 687 pp 12 v 19 
cm Price S3 35 

The 1959 edition of this annual publication of the 
Council on Drugs of the American Medical As 
sociation contains descriptions of drugs evaluated on 
the basis of available data and reports of investi 
gations Monographs presented under nonpro 
prietarj names are designed to provide chemical 
or biologic identity, including pertinent properties, 
actions and uses, including associated side effects, 
toMciU, and precautions, dosage, including routes 
of administration, available preparations, and 
applicable commercial names The value of tins 
book to the medical and related professions makes 
each volume a necessar 3 addition to all libraries 

The Effect of Pharmacologic Agents on the Nereous 
System \ ol XXXVII Edited by Francis J 
Braceland The Williams &. Wilkins Co , 
Baltimore, 1959 m + 488 pp 15 5 x 23 cm 
Price S13 50 

The Association for Researcn in Nervous and 
Mental Disease held a sj mposium in 1957 on “The 
Effect of Pharmacologic Agents on the Nervous 
Sjstem ” This book constitutes the proceedings of 
the SJ mposium and contains reports bj outstanding 
authorities on clinical experience, evaluations, and 
aspects of research activitj It also includes re 
\ ie« s of the literature 

Antibiotics Annual 1958-1959 Edited b\ Henry 
Welch and Felix Marti IbaI^ez Medical 
Encjclopedia, Inc , New York, 1959 xvii + 
1,107 pp 17 X 25 cm Price S12 
This annual publication reports the Proceedings 
of the Sixth Annual Si mposium on Antibiotics 
which was held in Washington, D C, October 15, 
16, and 17, 1958 These dates coincided with the 
thirtieth annii ersarj of the discoverj of penicillin 
m London’s St Alarj ’s Hospital It was, therefore, 
appropriate that the first session of the Sj mposium 
was deleted to a senes of papers on the historj and 
de\ elopment of antibiotics During other sessions, 
a large number of papers on recent ad\ ances in the 
field of antibiotics was presented Altogether more 
than 175 papers are included in the 1958-1959 
Antibiotics Annual The publication of this scries 
on antibiotics constitutes an outstanding contribu- 
tion and an important and com enient source of 
information of xalue to research workers and to 
others mterested in the fascinating subject of anti- 
biotics 


Cahters de Syntlicse Organique Vol V Bj Jeax 
Mathieu and Andr6 Allais Masson et Cic , 
Pans, 1959 394 pp 15 x 22 cm Price paper 

bound, 7,800 Francs, cloth, 8,500 Francs 
Volume V of this series (in French) is concenicd 
with molecular degradations The first section 
(numbered 12) deals with the loss of a functional 
carbon The second section (numbered 13) takes 
up the cleavage of carbon chains and the rupture of 
carboejcles The stjde of presentation is similar 
to that in Vol IV which was described in This 
Journal, 47, 836(1958) 

Staphylococcus Pyogenes and Its Relation to Disease 
By Stephen D Elek E S Livingstone Ltd , 
Edinburgh and London, 1959 Exclusive U S 
Agents, The Williams & Wilkins Co , Baltimore 
vn -f- 767 pp 15 j 24 cm Price $15 
This book IS a monograph on Staphylococcus 
pyogenes and its relation to disease This relation 
has been emphasized dramaticall}’ bj’ the antibiotic 
resistant infections due to this microorganism in 
many hsopitals The test includes chapters on 
problems of taxonomj% bacteriological techniques, 
metabolism, serological studies, virulence and dis 
ease, action of combatting agents, and clinical prob- 
lems A bibliographj'^ of publications covers 188 
pages Subject and author indexes are appended 

Six-Membered Heterocyclic Nitrogen Compounds 
With Three Condensed Rings By C F H 
Allen Interscience Publishers, Inc , New York, 
1958 XXII -f- 624 pp 15 x 23 cm Price $26 
single, 824 subscription 

This IS the twelfth volume of a series of mono 
graphs devoted to a modem, detailed, and compre 
hensive presentation of heterocjchc chefflistrj, 
each prepaied bj a group of authorities The »ub 
divisions have been designed to cover the field in 
its entirety by monographs which reflect the im 
portance of the interactions of the various com 
pounds 

This vmhime covers polv nuclear lietcrocjvhe 
compounds containing nitrogen and three fused 
six-membcred rings These compounds are not 
only of unusual theoretical interest, but of con 
siderable practical importance to the dmg mdusto 
The arrangement and the discussion of the various 
classes emphasize their siinilaritj and significant 
differences The literature has been covered through 
1952 The book is divided into nine general sections, 
the subject matter of which is arranged as follows 
I Azaanthracene'', 11 Azaphenanthrenes, HI 
4 Azaphenanthrenes, IV 5 Azaphenanthrenes, V 
Diazaphenanthrenes (except Phenanthrolmes), VI 
1,10 ,1,7 , and 4,7- Diazaphenanthrenes, VII 
Other polj azaphenanthrenes, VIII Azabenzonaph 
thenes, IX The ultraviolet absorption spectra of 
poljcjclic heterocj’chc aromatic compounds 

The “a” sjsteni of nomenclature has been used as 
in earlier \ olumes All individual chemical sul - 
stances, however, are also named according to the 
sjstcm emplojcd bj Chemical Abstracts, and the 
index includes all names 

The editor and the contributors seem to h ivc ac 
complished their aim in writing this treatise, an 
the subject has been treated in a most competent 
and scholarlj manner 
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(c) T-tubes were placed in the gall bladder of dogs 
anesthetized with ether A reservoir of normal sa- 
line was arranged to supply a constant rate of per- 
fusion of saline into the gall bladder. Recordings 
were made through a U-shaped manometer contain- 
ing a float inserted into the perfusion circuit as de- 
scribed by Butsch, et al. (5). Forty minutes after 
the ether was discontinued control tracings were ob- 
tained and drugs were administered subcutaneously. 

Circulation. — The arterial pressure of unanesthe- 
tized rabbits was recorded from the femoral artery. 
The artery was catheterized utilizing infiltration 
anesthesia and connected to a Statham transducer. 
The transducer output was amplified and recorded 
with an Offner D3'nagraph (Tj'pe 506). Drugs were 
administered intravenously. The same recording 
system was utilized in dogs anesthetized with a mix- 
ture of 15 mg /Kg. of thiopental sodium and 250 
mg./Kg of barbital sodium. 

Drugs. — Fresh drug solutions were prepared in 
0 9% saline for each experiment. The materials 
utilized were Win 13,797-3, ‘ morphine sulfate, 
meperidine hydrochloride, nalorphine hj'drochloride, 
epinephrine chloride, levarterenol bitartrate, and 
acetylcholine chloride 

RESULTS AND DISCUSSION 

The appearance of animals receiving Win 13,797-3 
is qualitativelj- similar to that of animals treated 
with morphine. With sublethal doses of morphine 
sulfate or Win 13,797-3 in mice the Straub tail phe- 
nomena was characteristic. Following larger doses 
of morphine, mice exhibit a short excitement stage 
followed b\' clonic and tonic convulsions from which 
death mar' ensue. Following larger doses of Win 

13,797-3 the same series of effects raaj' be observed 
although the onset of effect may be more rapid In 
qualitative studies in rabbits high doses of Win 

13,797-3 produced convulsions which were indistin- 
guishable from those induced bj’ morphine. The in- 
travenous LDso in mice of morphine was determined 
to be 180 mg./Kg. with 95% confidence limits of 
90-210 mg./Kg. while the LD.o of Win 13,797-3 was 
22 mg./Kg. with 95% confidence limits of 20-25 
mg./Kg. 

Toothpulp thresholds and respiratory minute vol- 
umes were determined bj' administering Win 

13,797-3 or morphine subcutaneously to rabbits. 
Changes were expressed as percentages of the control 
values. Figure 2 depicts a time-response curve for 
Win 13,797-3 at doses of 1 and 4 fi.l/./Kg. for a time 
period of one hundred and fifty minutes. The upper 

■ The material utilized exclusively in these experiments 
was the ethane sulfonate salt having a molecular weight of 
402 0, identified as Win 13,797-3. The number Win 13.797 
refers to the base. 



curves represent percentage elevations in toothpulp 
thresholds while the lower curves represent percent- 
age depression of respiratory minute volumes. It 
will be noted that a peak of effect is seen fifteen to 
thirtj’ minutes after drug administration. In con- 
trast, morphine sulfate peak effects are noted forty- 
five to sixty minutes after drug administration, hi 
other respects the time-response curves for morphine 
and Win 13,797-3 at equieffective doses arc essen- 
tially similar. 

The relative potency of Win 13,797-3 and mor- 
phine on a molar basis was determined using tooth- 
pulp thresholds in a 4-point parallel line assay after 
the method described by Finney (1). With regard 
to the increase in toothpulp threshold Win 13,797-3 
is 19 times as active as morphine. The fiducial lim- 
its at the 95% level are 14 and 27. 

Recent investigations in our laboratory have eluci- 
dated the oral efficacy- of morphine upon the rabbit 

toothpulp threshold. The ratio of effectiveness was 

compared using the 4-point parallel line assay ot 
Finney (1). Administration of subcutaneous mor- 
phine was 9 times as effective as orally- administered 
morphine with fiducial limits at the 95% level of 
6-13. Attempts to compare the oral effectiveness of 
Win 13,797-3 with the subcutaneous doses showed 
that even at oral doses 100 times as high as the hypo- 
dermic dose the activity- of the oral dose was sub- 
stantially- lower. Further consideration of this ap- 
proach did not appear fruitful. 

The antagonism of Win 13,797-3 by nalorplmm 
was studied utilizing simultaneous subcutaneous .ad- 
ministration. Mixtures of equal amounts, /i- 
ViQ. and ViD the molar quantities of nalorphine with -i 
fixed 2 F-ilL/Kg. dose of Win 13,797-3 were com- 
pared. .Antagonism of toothpulp thrcsliold eleva- 
tion in all ratios is significant at the 0.05 level. In- 
spiratory- minute volume depression was significant > 
antagonized only by- the 1 1 1 and 3 : 1 ratios. 

Numerous objections have been raised to the fsc o 
respiratory- minute volume data as a measure of re- 
spiratory- depression in man. Seed, et al. (0). Iti 
series of exploratory- experiments numerous attenip ' 
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to adapt the rebreathing technique described by these 
authors to the rabbit have not revealed a consistent 
correlation between inspired pCOj and alveolar ven- 
tilation. These studies are continuing in the hope of 
resolving this problem. Some evidence of respira- 
tory depression was gained, however, by measuring 
the end-expired pCO>. Control levels were quite 
variable betrveen rabbits. While the tracings indi- 
cated that end-expired samples were being obtained 
it was noted that these levels varied quite dramatic- 
ally with rate in control studies within the same ani- 
mal. Both Win 13,797-3 and morphine, in doses 
producing equivalent toothpulp threshold increases, 
induced qualitatively similar depression of rate and 
increase in pCOj levels. The administration of in- 
travenous nalorphine produced a prompt reversal of 
depression as evidenced by return of respirators’ rate 
and pCOu levels to control values, in contrast to the 
findings reported by Lasagna (7) and Keats (8) in 
man. 

As with morphine sulfate or meperidine hydrochlo- 
ride, Win 13,797-3 is capable of passing the placental 
barrier and inducing respiratory rate depression in 
the fetus. Pregnant rabbits just before term were 
given, intravenously, either morphine sulfate, 4 
>im./Kg.; meperidine hydrochloride, 14 >iiif./Kg.; 
or Win 13,797-3, 1 pi\f./Kg. Five to ten minutes 
after drug the respiratory rates of the drugged fe- 
tuses, when compared to the control fetuses, had de- 
creased from Vs to Vi- This depression was rapidly 
reversed by subcutaneous administration of 0.25 rag. 
of nalorphine to each of the drugged fetuses. 

The effects of Win 13,797-3 and meperidine hydro- 
chloride on the intestinal tract were compared by 
their ability to inhibit the passage of a charcoal meal 
in rats. The doses and per cent inhibition resulting 
from intraperitoneal injection of meperidine hydro- 
chloride were: 80 ;jilf./Kg.-6% and 160 iiil/./ 
Kg.-C2%. For Win 13,797-3 the values were; 
l,iilf./Kg.-9% and 2 ,iiir./Kg.-56%. 

Qualitative gastrointestinal studies were also made 
in awake dogs in which Thiry- Vella loops and stom- 
ach fistulas had been previously prepared. The dogs 
were utilized only two days a week and subcutaneous 
doses of morphine sulfate, meperidine hydrochloride, 
and Win 13,797-3 were used. In all instances the re- 
sults observed were qualitatively similar. Shortly 
after drug administration a prolonged rise in intes- 
tinal tone was observed accompanied by relaxation 
and decreased motility of thcstomach. Thisphenom- 
cnon was usually preceded, in the case of morphine 
and Win 13,797-3, by spasms of the stomach muscu- 
lature and the dogs were observed to retch and lick 
their chops periodically. 

When intrabiliary prc.ssurc was measured in dogs 
whose gall bladder was perfused with a constant rate 


of flow of saline the subcutaneous administration of 
Win 13,797-3 resulted in an increase of pressure qual- 
itatively similar to that observed when the dogs were 
injected with morphine. 

Qualitative comparisons of the cardiovascular ef- 
fects of Win 13,797-3 and morphine in rabbits and 
dogs did not reveal any significant differences be- 
tween the compounds. The intravenous administra- 
tion of either drug resulted in a rapid and prolonged 
depressor response of the blood pressure which was 
slow to recover. Intravenous titration with nalor- 
phine rapidly reversed this depressor response. 
Blood pressure responses of small doses of epineph- 
rine, levarterenol, and acetylcholine measured be- 
fore and after the administration of Win 13,797-3 or 
of morphine did not differ markedly between the two 
compounds. Quantitative comparisons were not 
possible due to the confounding of the responses im- 
posed by the prolonged depression of the blood pres- 
sure. 

Tracings of the blood pressure of normal awake 
rabbits showed that there was immediate reflex com- 
pensation of the blood pressure when the animals 
were tilted at a 45° angle from the horizontal. -After 
the subcutaneous administration of morphine or of 
Win 13,797-3 the blood pressure response to tilting 
of the rabbit consisted of a transient pressor over- 
shoot before reflex compensation occurred. 

SUMMARY 

Comparisons have been made concerning the 
pharmacological influence of morphine, meperi- 
dine, and Win 13,797-3. No qualitative differ- 
ences were observed to exist between the com- 
pounds. Although, on the basis of toothpulp 
threshold comparisons, B'in 13,797-3 is 19 times 
as effective in molar concentrations as morphine, 
it seems to possess no advantages over presently 
known analgetic comjiounds. 
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The Evaluation of lodinated Organic Compounds as 

Radiopaque Media* 

By JAMES O. HOPPEf 


The general properties of X-ray contrast media are discussed with particular refer- 
ence to the use of lodinated organic compounds in cholecystography and urog- 
raphy. The development of test procedures for the evaluation of radiopaques for 
X-ray visualization of the gallbladder and the upper urinary tract is described. 
Relative oral cholecystographic activity, from most to least active, was observed in the 
cat as follows: iopanoic acid, lophenoxic acid, iodoalphionic acid, and iodo- 
phthalein, m agreement with the relative order of activity reported in the literature 
for these compounds in man. Diatrizoate sodium was found to produce earlier and 
better X-ray visualization of the upper urinary tract in the rabbit with less than half 
the systemic toxicity observed with iodopyracet. The acute intravenous toxicity of 
diatrizoate sodium in the mouse, rat, rabbit, cat, and dog was found to be approxi- 
mately half as great as that observed for iodopyracet, sodium iodomethamate, or 
sodium acetrizoate. An iodinated aromatic nucleus, to provide radiopacity, was 
found to be common to both cholecystographic and urographic media. The 
cholecystographic medium required a “transport mechanism” consisting of an 
alkanoic acid side chain containing 6 to 7 carbons with 2 iodines in the aromatic 
nucleus and 5 carbons with 3 iodines in the radiopaque portion of the molecule. 
The urographic contrast medium required a carboxyl group to provide high water 
solubility and could contain an alkanoic acid chain with no more than three carbons. 


* I *HE WORD RADIOPAQUE IS used as an adjective 
to denote opacit)' to radiant energt' and as a 
noun, svnonymously with the term X-raj’ 
contrast medium, to identify specifically those 
substances which inhibit the passage of Roent 
gen or X-ravs The property of radiopacity, 
inherent in a variety of chemical elements, has 
increased immensely the boundaries of the science 
of diagnostic radiology It was apparent al- 
most from the moment of Roentgen’s discovery of 
the X-ray in 1895 (1) that here was an important 
new medical tool which was capable of producing 
an image on photographic film corresponding to 
the morphology' of the bonv tissues but not of the 
soft tissues of the body Radiopaque media 
have made it possible for physicians to examine 
the anatomy and observe the physiology of the 
stomach, gallbladder, urinary tract, heart, blood 
vessels, lungs, and other soft tissue structures 
without having to resort to exploratory surgery 
These substances are important diagnostic aids 
to the radiologist in enabling him to establish 
the presence or absence of disease in various 
organs within the body It is the purpose of 
the present communication to discuss briefly 
the general properties of radiopaques and, in 
particular, the dev elopment of test methods for 
evaluating lodinated organic compounds as 
cholecystographic and urographic media 

*Recej\ed May 4, 195*5 from the Pharmacolog> Section 
Sterling UHnlhrop Research Institute, Rensselaer X V 

Presented to the Scientific Section of the A Pk A New 
Vork. meeting, Ma> 3 1957 

t Recipient of the Ninth (1957) Chilean Iodine Cduca 
tional Bureau Award m recognition of his development of 
quantitative l 3 borator> methods for evaluating iodine con 
laming diagnostic drugs and his many other contnbutmns to 
the sludj of iodine containini: compounds 


GENERAL PROPERTIES OF RADIOPAQUES 

Funebon of a Radiopaque. — The use of a radio 
paque might be illustrated with the aid ot the two 
X-ray pictures reproduced in Figs lA and IB 
Figure lA shows an X-ray view of the upper right 
quadrant of the human abdomen The ribs, lumlnr 
vertebrae, and crest of the ilium are clearly visible 
Also present in this same area are the gallbladder, 
right kidney, blood vessels, and portions of the 
stomach, liver, and intestines, but these structures 
cannot be seen Figure IB shows an X-ray view of 
the same area in the same patient some twelve hours 
after the oral ingestion of an iodinated organic com 
pound specifically designed to localize in the bile in 
the gallbladder The presence of the radiopaque 
(iopanoic acid, U S P , Tclepaque') in the bile pre 
vented the passage of the X-rajs during the e\po 
sure to leave an image on the film corresponding to 
the morpholog}' of the normal human gallbladder 
which appears as a white, pear-shaped mass nc.ir 
the center of Fig IB 

Physical Properhes — One might ask why the 
bonj tissue was visible whereas the soft tissue stnic 
tures were not Further, why did the radiopique 
cause the gallbladder to become visible in Fig IB’ 
Since the image on the X raj film depends upon the 
amount of X-rajs which pass through the subject, 
the answers to both questions can be found with 
the aid of the data in Table I 

The formula states that the ability of an clement to 
absorb X-rajs (/j) \.irics according to the third 
power of the wavelength (X) and the fourth power of 
the atomic number (Z) The value “k" is a con 
stant and the value ”0 2” is a factor to account f"i 
the scattering effect depending upon the waveleiigtli 
at which the measurements are made It is rcadilv 
apparent that the absorption of X-ravs increases 
enormouslv as the atomic number goes up Tlie 
soft tissue structures of the body , composed of car 
bon, hydrogen, oxygen, and nitrogen with low atomic 
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Fig 1 —Cliolecyslography in man. A. X-Ray picture before cliolecystographic contrast niediutn 
B X-ray picture at twelve hours after oral ingestion of iopanoic aeid (X-ray pictures furnished by Dr. 
William Shehadi, New York Polyclinic Hospital, New Y'ork, N Y ) 


Tadle I — Adsorption of X-rays in Relation to 
Atomic Number 



k\>Z* + 02 (2) 

Jblcracnt 

Atomic Number 

Hydrogen 

1 

Carbon 

6 

Nitrogen 

7 

Oxygen 

8 

Phosphorus 

15 

Calcium 

20 

Bromine 

35 

lodme 

53 

Barium 

50 

Mcrcurv 

SO 

Lead 

82 

Thorium 

go 


numbers, .-ippe.ir on the X-r.ay film as an undiffercii- 
tialcd nuMurc of black and gray shadows In con- 
trast, the bony tissues, composed of calcium and 
phosphorus null considerably higher atomic num- 
bers, appear as sharply defined white areas on the 
X-ray film 

It would appear, therefore, that the ideal contrast 
medium would incorporate an clement with a s'cry 
high atomic mimhcr Proceeding down the list of 
elements in Table 1 to thorium, with an atomic 
mmiber of 90, one might assume that this element 
would make an csccllent X-ray contrast medium 
Indeed, it was used in the form of a thorium diosidc 
sol for vistialirmg blood ve.sscls hut was htcr foimd 
to pos.sess two serious dis.idv,uitages: (o) it is re- 


tained indefinitely in the body after intravenous 
injection and (6) thorium is radioactive (3, 4) 
Even more disconcerting, thorium has a half-life 
of 1 34 X lO'® years (5) Lead and mercury have 
defied the efforts of the chemist to synthesize accept- 
able molecules containing these elements to absorb 
X-rays They do not form a stable carbon bond 
and, hence, are not safe from the hazards of heavy 
metal poisoning when used in soluble form in the 
large dosages necessary for X-ray contrast visuali- 
zation Barium, in the form of insoluble barium 
sulfate, is one of the oldest useful radiopaque ele- 
ments used for gastrointestinal visualization but 
possesses the same disadvantages of lead and mer- 
cury in the soluble form The two halogens, bro- 
mine and iodine, both form firm carbon bonds and 
can be incorporated into a wide variety of organic 
structures permitting high water solubility and low 
tovicity Although it possesses a lower atomic 
number, bromine absorbs X-rays more effectively 
than iodine in tlic longer waielcngth of the X-ray 
spectrum (0 4 to approMinatcly 1 0 A ) Iodine, 
on the other hand, absorbs X-rays much more ef- 
fectively than bromine in the shorter wavelength 
(0 2 to appro\iniate!y 0 4 A ) The long wave 
length X-ras s arc not useful in producing an X-ray 
image of soft tissue structures because of lack of 
penetration and the greater hazard of radiation in- 
jury This, then, narrows the field down to the cle- 
ment iodine at the present time Iodine is the most 
widely used element in the designing of radiopaques 
for two important reasons; («) it will form a firm 
carbon bond and (It) this property enables the chem- 
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1 st to incorporate iodine into nianj different types 
of organic structures so that it can be administered 
safely in the large quantities necessarj for the X-raj 
visualization of soft tissue structures 

Biological Properties — From these considera 
tions. It IS possible to set forth the essential biological 
properties uhich a compound must possess in order 
to be acceptable as a radiopaque 

High Radiopacily — Radiopacit\ is an obvious 
requirement in order to classif 3 the compound for 
pharmacological evaluation High radiopacitv is 
listed under biological properties because the greater 
the abilitj' of a compound to inhibit the pas‘=age of 
X-raj s, the less of the material u ill be required, thus 
providing greater specificitj cf action 

Low Systemic and Local Tissue Toxicitx — ^Low 
toMcitj , both at the sj stemic and local tissue levels, 
IS e\tremel\ important because of the massive dos 
ages used and the conditions under vvhich these doses 
are administered For example, in visualizing the 
chambers of the heart, a vmlume of 50 cc of a 50 to 
90% aqueous solution maj be injected intrav enouslv 
in tn o seconds or less 

Pharmacodynamically Inert — In most instances 
the patients who receive compounds of this tv pe are 
not in the best state of health The radiopaque 
should not aggravate their condition bv causing 
lij potension, vomiting, nausea, dizziness, diarrhea, 
headache, etc The critical demands upon a radio 
paque compound are contrarv to the usual pursuit of 
the pharmacologist vv ho looks for vv av s and means of 
increasing pharmacological activitj In the case of 
the radiopaque, it is essential that it he pharinaco 
dvnamicallv inert 

Selective Localization — The gastrointestinal tract 
can be readilv visualized bj swallowing a barium 
sulfate meal It is necessarv to resort to indirect 
methods m order to visualize the less readilj accessi 
ble structures as the gallbladder or the upper urin 
arv tract The radiopaque should be capable of 
being transported in the blood to the specific organ 
in question and there concentrated in the normal 
tissue fluid to cause the soft tissue structures to v is 
ualize on X-raj film 

Prompt and Complete Elimination — Once the X 
raj pictures hav e been taken, there is no longer anv 
need for the presence of the radiopaque and, there 
fore, it should be promptlv and complctelj clim 
mated with no discomfort to the patient 

CHOLECYSTOGRAPHY 

Cholecj stographj is the roentgenographic exam 
ination of the gallbladder w ith the aid of an X rav 
contrast medium Calcified stones in a gallbladder 
would be visible in the ordinarv X rav picture as in 
Fig lY without the aid of an X rav contrast 
medium The great majoritv of gallstones, how 
ev er, are composed of cholesterol or a mixture of 
cholesterol and bile pigments The elemental com 
position of these stones is similar to that of the tis 
sues of the gallbladder itself and, consqeuentlj , arc 
not vnsible in the ordinarv X rav picture Gall 
stones of this tvpe could have been present in Fig 
14 The absence of dark spots within the gallblad 
der m Fig IB indicates that these radiolucent gall 
stones were not present 

Cholecv stographj was discovered bv the late Dr 
Evarts Graham in 1924 (6-12) One evening in 


1922, while contemplating the pharmacological ob 
serva tions of Abel and Rovvntree (13) that phenol 
tetrachlorphtlialein was eliminated almost entireh 
in the bile. Dr Graham conceived the idea of rephe 
mg the chlorine vv ith other atoms vv ith greater radio 
pacitj' to obtain an X-raj’ shadow of the gallbladder 
(12) It could be said that cholecj stographj was 
discovered bj' accident The sodium salt of tetraio 
dophenolphtlialein was injected intrav enouslv into 
SIX dogs A faint gallbladder picture became visible 
111 only one of the six dogs It was discovered liter 
that the five dogs vvhich did not show a gallbladder 
picture had been fed on the morning of the expcri 
ment, whereas the one dog vvhich did show a gall- 
bladder shadow had been accidentallv overlooked 
The severe toxic reactions encountered with tetraio 
dophenolphtlialein caused Dr Graham to turn to 
tetrabromphenolphthalem which was found to be 
Letter tolerated Dr Graham’s first published pic 
tures of the gallbladder m the dog and in man were 
made with tetrabroinphenolphthalein (6) Tbe 
earlier toxic reactions w ith tetraiodophenolplithalcni 
were found to be due to impurities which were even 
tuallj eliminated, thus maUng it possible to use tbe 
more radiopaque halogenated phenolphthalein 
Tetraiodophenolphthalem was given in the form 
of the sodium salt (lodophthalein sodium, U S P 
lodeikon*) as a bright blue solution bj cither iiitn 
venous injection or oral administration \dninus 
tered orallj’, its taste was nauseating If the patient 
was able to keep it down, much of the dose was lost 
through diarrhea It was more frequently adminis 
tered intravenouslj in order to circumvent the bitter 
taste and inaccuracy of dosage due to vomiting and 
diarrhea Even though it was administered bj slow 
intravenous infusion, the incidence of nausea and 
vomiting still remained high In spite of the fre 
quencj and mtensitj of side effects, lodoplitlialcni 
remained the cholecj stographic contrast medium of 
choice for nearlj twentv vears 

The first real improvement in cholecj stograpbv 
resulted from the studies of Dohrn and Diedricli 
(14), Kleiber (15), and Junkmann (16) in German) 
m 1940 with the compound (3,5 diiodo 4 li) 
droxjphenjl) a phenyl propionic acid, which thev 
called Bihselectan “ Shortlj thereafter, this com 
pound was introduced into this countrj’ with the 
name lodoalphionic acid, U S P , or Priodax * 
Although there was no great reduction in nausea and 
vomiting, It rapidlv replaced lodophthalein m cho 
Iccystographv' largelj because it could be admmis 

tered simply m tablet form with greater convenience 

for both the radiologist and the patient (17-23) 
Perhaps bj tradition, the dog had become the 
chosen animal for the experimental investigation of 
compounds designed for cholecj stograpbv In 

1946, when I first became interested m this field, 
Epstein, et a! (24), had just published their observ i 
tions on the potential use of the frog, chick, rabbit, 
and dog as test animals for cholecv stographic inedi i 
and concluded that the dog was the most satisfactorv 
of this group However, tliej pointed out, and htcr 
emphasized (25), that compounds which gave the 
best results m the dog did not necessarilv give the 
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best gallbladder shadon’S in man. Jones, el al. (26), 
and later, Margolin, et al. (27). considered the dog 
the most satisfactory of the laboratory animals for 
the study of cholecystographic media. Our own 
investigations indicated that the mouse was too 
small, the rabbit and guinea pig gave inconsistent 
shadows, and the cat and dog gave reasonably con- 
sistent gallbladder shadows. Since there was no 
previous evidence to indicate that earlier investiga- 
tors had tried the cat, it was decided to e.vplorc more 
fully the use of this species, in view of the reported 
discrepancies in the dog data (28). It was found 
that the cat was capable of discriminating among 
small changes in dosage and when the effect, in 
terms of density of the gallbladder shadow, was 
plotted against tlie logarithm of the dose, the rela- 
tionship was linear in nature, thus satisfying the 
basic requirements of a biological assay (2S-30). 
The cat offered an even more practical advantage 
over the dog in that its weight was about one-fifth 
that of the dog so that approximately five times as 
much information could be obtained from the same 
amount of test compound. 

Method. — The details of the test procedure using 
the cat have been described previously (30). The 
interpretation of the cholecystogram and the assign- 
ment of an adjective rating in terms of a numerical 
equivalent, called the Cholecystographic Index 
(Cl), is illustrated in Fig. 2. After each film is 
read, the Cl values arc averaged for a given dose 
level and designated the .-Average Cholecystographic 
Index (ACI) for that dose. 

Experimental. — The use of this test method in 
the study of three different series of compounds is 
illustrated in Fig. 3. In series A, the compound 
witli R = hydrogen, is iodopyracet, U. S. P., or 
Diodrast,® which is a well-knoivn intravenous uro- 
graphic contrast medium. This compound failed to 
produce any roentgenographic evidence of gallblad- 
der visualization at 100 mg./Kg. intravenously in 
the cat. With R = melliyl, very faint evidence of 
gallbladder concentration became apparent. When 
R = propyl, the gallbladder and urinary bladder 
appeared with almost equal intensity, indicating 
approximately an equal distribution between 
urinary and biliary excretion. Maximum gall- 
bladder visualization was reached when R — butyl, 
or a total of six carbons in the alkanoic acid side 
chain. The density of the gallbladder shadows de- 
creased gradually with R — amyl and hexyl, and 
dropped sharply at I? = heptyl. The acute intra- 
venous toxicity of this series of compounds in the 
mouse remained at about 0 Gm./Kg. with R - 
hydrogen and methyl, doubled at R = propyl, and 
continued to double with the addition of each methyl- 
ene group, so that by the time fair to good gall- 
bladder visualization was obtained, acute toxicity 
had increased to a point where it was likely to inter- 
fere with the clinical use of these compounds by this 
route of administration. 

Turning to oral administration, it was found that a 
similar relationship existed between gallbladder 
visualization and chemical structure. More impor- 
tant, the intensity of the gallbladder shadow at a 
given dose level following or,il administration 
apiicarctl to be the same as that obtained by intra- 
venous injection. .Mthough the rate of appearance 
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of the gallbladder shadow was slower in some 
instances by the oral route, this was offset by a 
marked reduction in systemic toxicity. The simi- 
laritx' between chemical structure and gallbladder 
visualization in the cat by both intravenous and 
oral administration is illustrated by series A and B 
in Fig. 3. Obsertmtions on more than 100 diiodo 
compounds indicated that a cholecystographic con- 
trast medium consisted of two essential parts; (a) 
a firmly bound iodine-bearing nucleus to provide 
radiopacit}' and (6) a side chain containing a car- 
bo.\yl group and an optimal size lipophilic group to 
provide for absorption and to direct excretion into 
the bile (28-34). Gallbladder visualization in the 
cat was obtained when the number of carbons in the 
side chain ranged from three to eight carbons in 
agreement with the findings of Epstein, et al. (24), 
in the dog. It was found that an iodinated phenyl 
nucleus could contain an amino group, a hydroxyl, 
or no substituent other than the iodines (32). The 
phenolic hydroxyl, which occurs in iodophthalein 
and iodoalphionic acid, w'as not found to be essential 
for gallbladder visualization as suggested by Epstein, 
cl al. (24), and Natelson, et al (35). The nature of 
the side chain appears to be the most critical factor 
in determining whether gallbladder or urinary 
bladder visualization predominates. Where the 
alkanoic acid side chain contained less than three 
carbons, excretion occurred primarilj' hy way of the 
kidneys. When the length of the side chain 
exceeded seven carbons, the compound tended to 
remain unabsorbed in the gastrointestinal tract. 
As each of several series of diiodo compounds was 
studied, maximum gallbladder visualization was 
found to be equal to but not much better than that 
observed vrith the diiodo reference compound, iodo- 
alphionic acid, U. S. P. 

Efforts to improve visualization by changes both 
in tlie radiopaque nucleus and in the side chain had 
not been successful. It occurred to me that per- 
haps the solution to this problem might be as simple 
as adding a third bulb to a light fixture. If the same 
number of molecules could be concentrated in the 
bile using a compound containing three iodine atoms 
instead of two, the triiodo compound should produce 
a brighter gallbladder picture. .Among the various 
test compounds was one containing three iodine 
atoms. This compound, the ethyl-substituted 
triiodo structure shown in series C in Fig 3, had 
been synthesized by Mr. T. R. Lewis and Dr. Sydney 
.Archer of the Organic Chemistrj- Division of the 
Sterling-Winthrop Research Institute (36). To 
test this hypothesis, I took a 3-Gm. dose in the 
evening with a fat-free meal. After X-ray the next 
morning, I was elated to find that, indeed, the den- 
sity of my own gallbladder shadow was distinctly 
greater than that obtained in earlier studies with 
diiodo compounds. In the cat, this compound pro- 
duced good to excellent visualization of the gall- 
bladder in comparison with fair to good visualiza- 
tion with the best of the diiodo compounds. .As both 
the lower and higher members of this series were 
prepared and tested, they were found to distribute 
themselves in the form of a pyramid with the original 
ethyl derivative ns the most effective compound for 
visualizing tlie c-.it gallbladder (see scries C. Fig. 3) 
In contrast to the findings among the diiodo com- 
pounds. peak visualization was ob.scrvcd in the 3y 
amino-2, 4, C-triiodophenyl alkanoic acid scries with 
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POOR 

FAIR 

GOOD EXCELLENT 


GRADING 

SCHEME 

CHOLECYSTOGRAPHIC 

ADJECTIVE 

DESCRIPTION 

INDEX (Cl) 

RATING 

0 

None 

No visualization 

( 

Poor 

Faint evidence of gallbladder concentration 

2 

Fair 

Foint but visible outline of gallbladder 

3 

Good 

Distinct outline with good density, end delineation 
of gallblodder 

4 

Excellent 

Sharp outline of gallblodder with density demonstrating 
brilliant controst with tissues 


Fig. 2. — Ciiolecystographic screening procedure in tlie cat. 


total of five carbons in the side chain. On the basis 
of these observations, tlie ethyl triiodo derivative 
was selected for further study as a potential chole- 
cystographic contrast medium which later became 
known as iopanoic acid, U. S, P., or Telepaquc.* 

Cat vs. Dog. — Still unanswered was the question 
as to whether the cat or the dog provided an answer 
which could be relied upon in predicting which com- 
pounds might be useful in visualizing the gallbladder 
in man. The ACI for iopanoic acid was determined 
in both the cat and dog in comparison witli iodo- 
phthalcin, iodoalphionic acid, and iophenoxic acid® 
with results as summarized in Table II. 

The structural formulas of these compounds and 
their respective dose response curves are shown in 
Fig. 4. lodophthalein was clearly the least effective 
of the four compounds in visualizing the gallbladder 
in both species. Interestingly enough, it was dis- 
tinctly more effective in visualizing the gallbladder of 
the dog than it was in the cat. For convenience in 
analyzing the data, a value indicating good visuali- 
zation of the gallbladder, ACIj, was derived from 
each of the curves except that for iodophthalcin 
which was too ineffective. The ACIj values in the 
dog indicated the following order of activits', from 
most to least active: iophenoxic acid, iopanoic acid, 
and iodoalphionic acid. The ACIj values in the 
cat, on the other hand, indicated that iopanoic acid 
was the most effective, iodoalphionic acid the least 
effective, and the activity of iophenoxic acid was in- 
termediate between these two. The early clinical 
Studies on iopanoic acid indicated that the densitt’ 
of the human gallbladder shadow was distinctly 
greater and the incidence of side effects less than 
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Fig. 3. — The relationship between eliemical struc- 
ture and gallbladder visualization following intra- 
venous and oral administration of iodinated organic 
compounds in the cat. 

that observed with iodoalphionic acid (37-54) 
Morgan and Stewart (40) observed that the density 
of the gallbladder shadow with iopanoic acid in man 
was approximately 1.35 times as great as that ob- 
served with iodoalphionic acid. This figure is ni 
remarkably close agreement with the initial value, 
derived from the ACI’s for these ttvo eompounds in 
the cat, which indicated that iopanoic acid was ap- 
proximatelv' 1.4 times as effective as iodoalphionic 
acid in visualizing the cat gallbladder (29). loplie- 
noxic acid, described by Dr. Domenic Papa, a pre- 
vious recipient of this award, and his associates (5 j, 
.56) was found, in man, to produce gallbladder 
shadows which were less dense than those observei . 
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Species, 

Cat 

Cat 

Cat 

Cat 

Cat 

Dog 

Dog 

Dog 


Do^se, 

^Iopanoic 

So of 
Animals 

Acid'^ 

ACl 

.---lodophthalfctn — ^ 
No of 

An»mals ACI 

Iodoalphionic Acid 
Ko of 

Animals ACl 

lophenoxic Acid 
No of 

Animals ACI 

25 

106 

1.5 



40 

1 2 

40 

0 8 

50 

108 

2 5 

5 

0 

40 

1 8 

40 

1 9 

100 

200 

115 

3 6 

20 

20 

0 35 
0.6 

40 

2 6 

40 

3 0 

400 



15 

1 1 





50 

100 

200 

6 

1.8 

5 

0 4 

5 

1 S 

5 

1 8 


2.7 

5 

1 2 

8 

1.8 

0 

2 7 

7 

3 1 

5 

1 6 

8 

3 1 

6 

3 8 



DOG CAT 


(;oVLPQym 

ACtj 

xnsniiiisjn 

RELATIVE 

ACl3 

RELATIVE 

_4ciiyirt 

morn/kom 

ACTIVITY 

ioponoic Acid 

157 

10 

70 

10 

lodooiphionic Acid 

230 

0 68 

155 

0 45 

lophenoxic Acid 

U7 

B 

t 3A 

100 

C 

0 70 




lODOALPHIONlC ACID USP 


I CH2CHJ 

'V' 

NH, 


lOPANOlC ACID USP 


D 


! CH2CH3 

'V' 

OH 


lOPHENOXIC ACID 


Fig. 4 ~j\ comparison of liie oral cliolecystographic activity of iodophthalein, iodoalphionic acid, iopanoic 

acid, and ioplieno.xic acid in the cat and dog. 


with iopanoic acid, and intermediate in density 
between those of iopanoic acid and iodoalphionic 
acid (57-00), It can be concluded, therefore, that 
the cat proved to be a more reliable test animal than 
the dog for predicting t!ie effectiveness of these com- 
pounds in visualizing tiie human galibladdcr. 

frequent reminder of tiic early work u-ith iodo- 
plithalcin in cholecystography is the use of the word 
"dye” synonymously with the term X-ray couuast 
medium. It is tnic that iodophtli.-ilein possesses dye 
properties, but this fact has nothing to do with its 
ability to produce an image on X-ray film. Xonc of 
the nener radiopaques are dyes. The use of the 
word dye in place of radiopaque or X-ray contrast 
medimn to describe them is incorrect and should be 
discontinued. 

UROGRAPHV 

Urography is the roentgenographic c.xamiiintion 
of the uruvxry tract with the aid o5 an X-ray con- 


trast medium. Retrograde urographj^ involves the 
instillation of the radiopaque into the urinary tract 
by way of the urethra. E.vcretion urography in- 
volves the intravenous injection of 3 radiopaque 
which is rapidly e.\creted in the urine in sufficient 
concentration to cause the urinary tract to become 
visible on X-ray film. Tile present discussion is 
concerned only with e,\crction urography. 

The early concepts leading to the use of iodinated 
organic compounds for e.vcretion urography origi- 
nated in Europe at approximately the same time as 
the discovery of cholecystography. In 1921, Profes- 
sor Arthur Binz of Berlin, Germany, conceived the 
idea of synthesizing heterocyclic compounds contain- 
ing iodine or arsenic to improve the therapeutic effi- 
ciency of the treatment of syphilis (61). Professor 
Binz and his assistant. Dr. Rath, synthesized some 
700 new arsenic and iodine compounds, some of 
which n ere found to have a surprisingly low systemic 
toxicity. One of these, X-metbyl-o-iodo-B-pyj*^ 
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done, while under in\ estigation as a chemotherapeu- 
tic agent in the treatment of streptococcus mfec 
tions, was found to be eliminated parth in the bile 
and, to a larger extent, in the unnc (62) These 
obseri ations led to the suggestion that it might be a 
useful X ra\ contrast medium (63) Siiick found 
that this compound produced a distinct shadow of 
the unnari tract but failed to visualize the gallblad 
der of the rabbit (63) Better tolerance and greater 
water solubihti was achieved with sodium 5 lodo 2 
pjridone X acetate which Professor Bmz selected 
for investigation in excretion urographv (61) This 
compound, called Uroselectan,^ was found to be an 
effective urographic contrast medium bj Swick (63, 
64), von Lichtenberg and Swick (65), and Jaches 
(66) Uroselectan was quickly replaced by two 
more effectiv e diiodo pv ridone derivatives, lodopy 
racet (Diodrast^) and sodium lodomethamate (Xco 
lopax*) (67, 68) Sodium lodomethamatc and 
lodopv racet, which was studied mitiallv as the 
sodium salt and later as the diethanolamine salt 
(69-71), became the urographic contrast media of 
choice and remained unchallenged for nearly twenty 
y ears 

Another most fascinating suggestion for excretion 
urographv was the propos il bv Dr Moses Swick in 
1933 of the use of an organic nucleus representing a 
normal product of animal metabolism as a carrier 
for the radiopaque element necessan for the X rav 
visualization of the urinary tract (72, 73) The 
compound suggested was sodium ortho lodohip 
purate, a halogen derivative of a substance normallv 
found m urine Contrary to initial expectations, 
this compound (lodohippurate sodium or Hip 
puran®) did not become a widely accepted urographic 
contrast medium in comparison with either sodium 
lodomethamate or lodopv racet Svvick’s idea of 
using a product of normal detoxication as a carrier 
for a radiopaque for intravenous urographv lingered 
for many years m the imagination of Dr A''ernon 
Wallingford, also a previous recipient of this award, 
and finallv m 1952 emerged m the form of a new 
compound, sodium 3 acetamido 2,4,6 truodobenzo 
ate, sodium acetrizoate or Urokon*® (74-76) The 
acute intravenous toxicitv of sodium acetrizoate in 
the mouse w as less than that of either lodopv racet or 
sodium lodomethamate 

For manv vears we had been testing numerous 
lodinated organic compounds for acute intravenous 
toxicitv m the mouse in an effort to find one with 
an acute intravenous LD^o value greater than the 4 
to 6 Gm /Kg level of sodium lodomethamate and 
lodopv racet, respcctivelv In 1952, this level had 
been raised to 8 Gm /Kg with the discoverv of so 
dium acetrizoate In 1954, Dr Aubrcv Larsen of the 
Organic Chemistrv Section at the Sterling Bhnthrop 
Research Institute, succeeded in shattering this 
toxicitv barrier when he descnbed the sv nthesis of 
sodium 3 5 diacetamido 2,4,6 triiodobcnzoate, dia 
tnzoate sodium or Hvpaque” (77-79) The acute 
mtrav enous toxicitv of diatnzoate sodium in the 
mouse was found to be approximatelv 14 Gm /Kg, 
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which indicated a substantial elevation of the svs 
temic toxicity ceiling for compounds in the field of 
excretion urography On the basis of the acute 
toxicity’ observations in the mouse, this compound 
was selected for further laboratorv evaluation as a 
potential urographic contrast medium Iiidepcii 
dently’ and unknown to us, this compound was de- 
scribed at about the same time m Germ inv bv 
Langecker, et al (80), and studied cliiiicallv iii the 
form of a mixture of the sodium and metliv Igluc 
amine salts in Germany as Urografin'” (81, 82), and 
later in this countrv as Renografin'® (83, 84) 

Method — The test method evolv ed for searching 
for an improved contrast medium for urographv 
consisted of two parts (a) acute intravenous tovic 
ity determination in the mouse and (b) excretion 
urographv in the rabbit 

(a) Acute lutravowiis To\icity — \s pointed out 
abov e, an arbitrarv criterion of 4 to 6 Gm /kg Ii id 
been established for the selection of compounds for 
evaluation in respect to experimental urograpliv in 
the rabbit Those compounds found to be effective 
urographic media in the rabbit in preliminary tests 
were then subjected to acute intravenous toxicitv 
determinations in animal species otlier than tlic 
mouse, while continuing the urographic studies in 
the rabbit The species used for these acute toxi 
city determinations included the rat, rabbit, cit, 
and dog Since the acute lethal dose cannot be de 
termmed in man, it must be assumed that the svs 
temic toxicitv for man could be equivalent to the 
lowest LDso value found among the various animal 
species The compound demonstrating the highest 
LDoo value and the least variation among animal 
species is most likely’ to be the safest compound to 
use in man The method for determminv acute 
intravenous toxicity’ in the various species, numbers 
of animals used, concentrations, and rates of injee 
tion employed in the study of diatnzoate sodium m 
comparison with lodopv racet, sodium lodomctlia 
mate, and sodium acetrizoate have been described 
previously (78) 

(b) Urography — Adult, healthy’. New Zealand 
white rabbits weighing 2 5 to 3 5 Kg are maintained 
in individual cages m a well lighted, air conditioned 
animal room on a nutritionallv adequate diet with a 
maximum allowance of 500 cc of water per day 
Because of the importance of accurate tuning of the 
serial X-ray exposures, each rabbit is studied mill 
vidually Fora given test, a group of five rabbits is 
fasted for forty eight hours to eliminate food shad 
ows over the kidney area and denied access to 
water for twenty four hours prior to the injection of 
the test compound On the morning of the test, a 
control X ray picture is taken of each rabbit to de 
termine the radiographic status of the urinary tract 
area Only those rabbits showing an abdominal 
field relativelv free of gas and food shadows arc 
used The rabbit selected for testing is fastened 
supine, in position under the X rav tube A cloth 
compression band is applied firmly just above the 
svmphvsis pubis immediately before injection with 
the first cassette in position under the r ibbit The 
test compound, m neutral aqueous solution, is in 
jected intrav enouslv at a rate of 12 cc /minute at a 
dose of 100, 260 400, 800, 1,000, or '1,21)0 mg /Kg 
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K-ray pictures are then taken at five and ten min- 
utes after injection. The compression band is im- 
mediately released after the ten-minute picture and 
reapplied at ten minutes before the next X-ray pic- 
tures at twenty, forty, and eighty minutes after in- 
jection At the higher dose levels. X-ray pictures 
are taken without compression at hourly intervals 
up to seven and twenty-four hours, and daily tliere- 
after until evidence of complete elimination has been 
achieved. A minimum of five animals is used for 
each dose level. The same procedure is used for uro- 
graphic examination in the cat and dog with the 
exception that fasting is limited to twenty-four in- 
stead of forty-eight hours. 

The urograms are read and interpreted in accord- 
ance with the grading scheme shown in Fig. 5. 
The interpretation of the film is based on the ability 
of the compound to delineate the morphology of the 
upper urinary tract, the highest score being assigned 
when the calices. pelves, and ureters are visible as in- 
dicated in part A of Fig. 5. The quality of the shad- 
ow is also taken into consideration and assigned a 
numerical value as indicated in part B of Fig. 5. 
The X-ray pictures across the top of Fig. 5, from 
left to right, show the control plate before injection; 
visualization of the calices, pelves, and a faint out- 
line of the upper ureters at 5 minutes; maximum 
visualization of these structures at ten minutes; 
very' little radiopaque urine visible in the pelves and 
ureters at twenty minutes, and only a trace visible in 
the pelves at forty minutes, with the major portion 
of the injected dose visible in the urinary bladder. 
The urographic score is determined for each film 
and designated as the Urographic Index (UI). As 
additional animals are tested at each dose level, the 
urographic indexes for each time interval are aver- 


aged and designated as tlie .Average Urographic 
Index (AUI). The animals are returned to tlie reg- 
ular colony after completion of the urographic 
series of films and are not used again for a period of 
at least one week 

Esperimental. — The use of this test procedure in 
the evaluation of the urographic properties of dia- 
triazoate sodium in comparison with those of iodo- 
pyracet in the rabbit is shown in Table III, 

Urography. — Maximum visualization of the urin- 
ary tract of the rabbit was observed with diatrizoate 
sodium at each dose level from 100 to 1,600 mg./Kg , 
at ten minutes after injection. Maximum visuali- 
zation was obsen'ed with iodopyracet at ten min- 
utes with 100 and 200 mg./Kg., at twenty' minutes 
with 400 and 800 mg./Kg„ and at ten minutes with 
1,600 mg./Kg,, indicating a somewhat slower rate of 
visualization of the urinary tract with iodopyracet 
The AUI for diatrizoate sodium was greater than 
that observed for iodopyracet at each dose level 
except the 200 mg./Kg. dosage, indicating that dia- 
trizoate sodium produced a better diagnostic picture 
of the urinary tract of the rabbit than iodopyracet at 
equivalent dose levels. It was found that dosages 
of 400 to 800 mg./Kg. of diatrizoate sodium and 800 
mg./Kg. of iodopj'racet were required in order to 
achieve good diagno.stic visualization of the upper 
urinary' tract in the rabbit. The AUI for diatrizoate 
sodium continued to increase in magnitude with in- 
crease in dosage up to 7,960 mg./Kg, where mortality 
began to appear. The AUI for iodopyracet, on tlie 
other hand, increased to a value of 45,0 at 800 mg./ 
Kg., after which it showed no further important in- 
crease with increase in dosage. A 20% mortality 
was encountered with diatrizoate sodium at 7,960 
mg./Kg. A 40% mortality was encountered with 
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Table III — Intrav'enous Urographic Properties of Diatrizoate Sodium and Iodopyracet in the 

Rabbit 
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14 

21 

8 

29 0 

21 

0 

15 

3 

9 
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19 
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iodopyracet at 3,980 mg /Kg , indicating that dia- 
trizoate sodium «as approximately half as toxic as 
iodopj racet under the conditions of excretion urog- 
raphy in the rabbit 

An analysis of the urographic properties of dia- 
trizoate sodium in comparison with those of iodopy- 
racet at 800 mg /Kg intravenously in the rabbit is 
illustrated in Fig. 6 The quality of morphologic 
delineation of the upper urinary tract increased 
rapidly to a ma.ximum at ten minutes after injection 
of diatrizoate sodium ^'isualization with iodopy- 
racet increased more slowly to a maximum at twenty 
minutes after injection The greater magnitude of 
the ma.ximum urographic score with diatrizoate 
sodium indicates a more effective visualization of 
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Fig. 6. — comparison of the urographic proper- 
ties of diatrizoate sodium and iodopxTacet in the 
rabbit. 


the upper urinary tract of the rabbit than nas ob- 
tained with iodopyracet. 

Acute Toxicity. — The acute intravenous LDm 
values for diatrizoate sodium in comparison ivitli 
those for iodopyracet, sodium iodomethamate, and 
sodium acetrizoate in five animal species are sum- 
marized in Fig. 7 New data included in Fig. 7 are 
acute intravenous LDso data for iodopyracet and 
sodium iodomethamate in the rabbit, cat, and dog 
The methods and number of animals used are iden- 
tical to those described earlier (78). TIic acute 
intravenous LDw for iodpyracet was found to vary 
from 3 Gm /Kg to about 6 Gm /Kg , and for sodium 
iodomethamate from 4 Gm /Kg to about 7 Gm /Kg 
Although the acute intravenous toxicity of sodium 
acetrizoate iias appro.xiniatcly 8 Gm /Kg. in the 
mouse, the values for the rat, rabbit, cat, and dog 
ranged between 5 and G Gm /Kg The acute intra- 
venous LDso for diatrizoate sodium was found to 
range from 113 Gm /Kg in the cat to 14 0 Gm /Kg 
in the mouse, indicating an order of systemic toxicity 
in the various animal species of about half that of 
iodopyracet, sodium iodomethamate, or sodium ace- 
trizoate. 

The laboratory evidence of improved urographic 
visualization and, in particular, the marked reduc- 
tion in systemic toxicity of sodium 3,5-diacetamido- 
2,4,0-triiodobenzoate suggested that this compound 
merited investigation as a urographic contrast 
medium in man The first clinical studies uith dia- 
trizoate sodium, carried out by the late Dr. T. D 
Moore, uho had also conducted the first clinjeal 
investigations with iodopyracet in this country (70), 
demonstrated a distinct improvement in the diagnos- 
tic quality of the urograms along with a low rate of 
mild side reactions in general agreement with the 
experimental data in laboratory animals (8-0 
Subsequent clinical studies indicated improved dug- 
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Fig, 7, — Acute intravenous toxicity data on iodopyracet, sodium iodometharaate, sodium acetri' 
Eoate, and sodium diatrizoate in tlie mouse, rat, rabbit, cat, and dog. 


nostic visualization and a reduced incidence of 
side effects in comparison with iodopyracet, sodium 
iodoraethamate, or sodium acetrizoate (86-102). 

One of the most interesting observations to emerge 
from the laboratorj' studies on diatrizoate sodium 
was the finding tliat iodine could be incorporated 
into the sodium 3,5-diacetamidobenzoate molecule 
with no increase in toxicity when measured in terras 
of m;V/Kg. by intravenous injection in the mouse 
(78). This was also found to be true in the case of 
sodium acetrizoate, as shown in Fig. 8 These 
findings suggested a possible explanation for the 
limited success of Dr. Swick’s proposed use of iodo- 
hippurate sodium in urography (72, 73). .As seen 
in Fig. 8, the acute intravenous toxicity of sodium 
benzoate in the mouse was reduced to one-half by 
conjugation with glycine. In contrast to the ob- 
servations on the effects of iodine substitution in 
sodium 3,5-diacetamidobenzoatc or sodium 3-acct- 
amidobenzoate, the incorporation of iodine into 
sodium hippurate resulted in a twofold increase in 
toxicity when measured in terms of m.l7/Kg. of body 
weight in the mouse. 

SUMMARY 

1. The properties of radiopaques were dis- 
cussed in general and tliose of iodinated organic 
com])Qunds used as radiopaques in cholecysto- 
graphy and urography in particular. 

2. The development of test procedures for the 
evaluation of radiopaques for cholecystography 
and urography were described. 


3. Relative oral cholecystographic activity, 
in order of decreasing effectiveness, was obsen^ed 
in the dog; iophenoxic acid, iopanoic acid, iodo- 
alphionic acid, and iodophthalein, and in the 
cat: iopanoic acid, iophenoxic acid, iodoalphionic 
acid, and iodophthalein. The relative order of 
activity observed in the cat resembled that de- 
scribed in the literature for man, indicating 
that the cat was a more satisfactorj' test animal 
than tlie dog for the estimation of the cholecysto- 
graphic activity of these compounds. 

4. The essential components of a chole- 
cystographic medium appear to consist of (a) 
an iodinated aromatic nucleus to provide radio- 
pacity and (b) a "transport mechanism” con- 
sisting of an alkanoic acid side chain containing 
G to 7 carbons with 2 iodines in the aromatic 
nucleus and 5 carbons with 3 iodines in the radio- 
paque portion of the molecule. 

5. The urographic properties of diatrizoate 
sodium were compared with those of iodopyracet 
in the rabbit. Diatrizoate sodium was found to 
produce earlier and better visualization of the 
upper urinarx- tract with less than half the 
systemic toxicity obsen'cd with iodopyracet. 

0. The acute intravenous toxicity of diatri- 
zoate sodium in tlie mouse, rat, rabbit, cat, and 
dog xvas found to be approximateh' half as grea 
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as that observed for iodopj'racet, sodium iodo- 
methamate, or sodium acetrizoate. 

7. The incorporation of iodine into both 
sodium 3-acetamidobenzoate and sodium 3,5- 
diacetamidobenzoate liad no effect on toxicity 
when measured in terms of mjl//Kg. by intra- 
venous injection in tlie mouse, indicating that 
radiopacity had been conferred upon these 
molecules with no expense in terms of systemic 
toxicit)’. 

S. The urographic contrast medium also ap- 
pears to consist of (a) an iodinated aromatic 
nucleus to provide radiopacity and (b) a carboxj'I 
group or, at most, an alkanoic acid side chain with 
no more than three carbons to provide water 
solubility. 

9. The use of both test procedures in the 
search among iodinated organic compounds for 
improved X-ray contrast media was illustrated 
by a description of the emergence of iopanoic 
acid and diatrizoate sodium from unknown 
chemical compounds in the laboratory to useful 
diagnostic aids to the radiologist in the form of 
individual medicinal entities known as Tclepacpie 
and Hypaque, respectively. 

CONCLUSION 

1 would like to point out that in the search for 
a new medicinal agent, a research idea is much like 
a new-born infant; it demands a great deal of 
expert help from many sources. The process of 
creating a new medicine is complicated and re- 


quires the skills of many highl}" trained people 
functioning as a closely coordinated team. I 
have been extremely fortunate in having the op- 
portunit}' to work with a most stimulating 
group of research investigators at the Steriing- 
Winthrop Research Institute. I am deeply 
grateful to Dr. M. L. Tainter, our Director of 
Research, whose encouragement and guidance 
has been a great source of help and inspiration to 
me. I am particularly grateful to Dr. Sydney 
Archer and Dr. Aubrey Larsen, whose chemical 
ingenuity has made these studies possible. 
I wish to thank the many’ members of the Chem- 
istry and Biology Divisions who have helped 
in the successful completion of these studies. 
I would like to emphasize especially the im- 
portance of the contributions of the re.scarcli 
staff of our Pharmacy Division, whose specialized 
technical training has helped solve the many 
problems involving compounding, solubility, sta- 
bility, and formulation. I would also like to 
acknowledge, with grateful appreciation, the 
technical assistance of Mr. John Romano, Mr. 
Armand Brousseau, Mr. Leon Duprey', and Mi'^'’ 
Nancy Harvey. Finally, I wish to express my 
sincere thanks to the Chilean Iodine Educational 
Bureau, Inc., for the honor of having been named 
recipient of their 1957 Iodine Research Award. 
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A New Highly Reactive Aluminum Hydroxide 
Complex for Gastric Hyperacidity I* 

7;/ Vitro Rate of Acid Neutralization 

By E. T. HINKEL, Jr., M. P. FISHER, and M. L. TAINTER 

A new, highly reactive form of aluminum hydroxide polymer has been developed 
which takes up acid faster and in larger amounts than conventional aluminum 
hydroxide dried gel under conditions similar to those existing in the hyperacid 
stomach. Using this new form of aluminum hydroxide a tablet has been com- 
pounded which, in the recommended dose, neutralizes acid several times faster than 
comfjarable tablets in their therapeutic doses, at pH levels which will practically 
inactivate gastric pepsin. It also neutralizes about three times as much total acid as 
previously available tablets under these same conditions. The new tablet, as a result 
of this greater activity, should provide a more effective means of controlling gastric 
hyperacidity than previously available tablets. 


T iQUiD ALUMINUM HYDROXIDE preparations 
have long been recognized as being highly ef- 
fective in the management of gastric hyperacidity. 
However, from the standpoint of convenience to 
the patient it is much more desirable to use a dry 
dosage form, such as a tablet. Unfortunately, the 
process of drying these gels for such use maj' de- 
stroy much of the original beneficial effect. In- 
vestigation in these laboratories of the factors 
controlling this loss of activity has resulted in the 
development of a new, especially reactive poly- 
meric aluminum hydroxide complex. The pur- 
pose of this paper is to present the antacid proper- 
ties of a tablet prepared from this material in com- 
parison with existing products. 

Prior to the introduction of aluminum hydrox- 
ide products, the in vitro evaluation of gastric ant- 
acids consisted essentially of determining their 
total acid consuming capacit)'. The major in- 
gredients of these antacids, such as sodium bicar- 
bonate, calcium carbonate, magnesium carbonate, 
and the like, reacted rapidly and completely with 
either dilute acid or gastric juice. However, dry 
aluminum hydroxide preparations differ widely in 
their antacid power in both rate and completeness 
of reaction, and are greatly influenced by the re- 
action conditions. As a result, the total acid neu- 
tralizing power of such preparations may be prac- 
tically meaningless as an indication of therapeutic 
efficacy. 

Many in vitro methods for the evaluation of 
antacid products have been utilized (1-5). With 
few exceptions these procedures are modifications 
of those given by Johnson and Duncan (G) and 
Rossett and Flexncr (7), in which acid is added to 
a given amount of antacid. The pH versus time 
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is recorded. The aim of many investigators has 
been the development of a testing method which 
uses the equivalent of an artificial stomach. Some 
use artificial gastric juice or devices to withdraw 
portions of the “stomach” contents, and the like. 
In theory these are appealing. However, the 
variables encountered clinically, even in the same 
patient, are so numerous (8) that they make im- 
probable an in vitro duplication of the human 
stomach. 

As far as can be determined, the method de- 
veloped by Rossett, ct al., has given the best in 
vitro-in vivo correlation (7, 9, 10, 11). Their main 
contribution has been recognition of the fact that 
dilute acid or gastric juice has to be added to tlse 
antacid continuously at a sufficiently rapid rate to 
simulate maximal secretion rates. Even the more 
refractory and therapeutically unsatisfactor)’ 
aluminum hydroxide products will show respec- 
table "activities” if acid addition is slow enough. 
Their method, then, is useful in measuring speed 
of reaction and indicating ability to hold gastric 
pH within desired limits. 

A different approach to the problem has been 
taken by Bachrach (12) and by Gwilt (15)- 
Their method consists essentially of adding dilute 
acid to the antacid at such a rate as to maintain a 
a pH of 3.5. This method gives a direct estimate 
of the speed of action and total available activity, 
whereas the previous procedures demonstrate pri- 
marily the buffering effect as measured by pH and 
duration of action. 

Attention in this paper is directed to the fallacy 
of considering speed as the sole criterion of ef- 
fectiveness. Were this the case, sodium bicar- 
bonate and the alkaline-earth carbonates would 
not have fallen into disfavor. It is true that they 
react almost instantly with acid, but they' buffer 
at too alkaline a pH where inhibition of peptic ac- 
tivity is complete and where acid rebound 
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is likely. Therefore, it becomes necessary to 
establish, in addition to rate, the buffering 
range. A subsequent paper will deal with this as- 
pect of the problem. However, the Bachrach 
method, as mentioned, is ideal for study of the 
rate and total activity and has proved very val- 
uable in the development of a new, highly reactive 
aluminum hydroxide antacid tablet which is de- 
scribed in this paper, 

EXPERIMENTAL 

The materials studied were ten leading aluminum 
hydro.xide antacid tablets. These contain aluminum 
hydroxide as their chief antacid ingredient, which in 
some is reinforced bj' addition of magnesium hy- 
dro.vide, oxide, pero.xide, or trisilicate, or calcium car- 
bonate. They are identified in Table I as tablets 
1-10. The new tablet, Creamalin tablets (Win- 
throp Laboratories), presented herein contains a 
new, highly reactive polymeric aluminum h 5 ’droxide 
hexitol complex in an amount equivalent to 320 mg. 
of aluminum hydro.xide dried gel and 75 mg. of mag- 
nesium hydroxide. The structure of this polymer 
has not been completely elucidated. However, it 
can be represented by the partial formula 


HO 

/ OH 

\ OH 0 


1 H 

/ 1 

H \ 1 II 


Al— 0- 
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-0— 1— Al— 0— C~OX 
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\ OH 

/« OH 



where n is at least 1 and averages less than 6, and X 
is a cation. 

The procedure of Bachrach (12) was employed. 
Since many of the antacid tablets are intended to be 
chewed and do not disintegrate readily in aqueous 
media, all the tablets tested were ground in a mortar 


to pass a 60-mesh screen. Aliquots of the powdered 
antacid equalling the weight of an average tablet 
were suspended in 40 ml. of distilled water in a con- 
stant temperature (37°) cell equipped with a me- 
chanical stirrer and pH electrodes. Ten drops of a 
10% aqueous solution of a nonionic surfactant (Tri- 
ton X-100) were added to insure wetting, since it was 
found that otherwise mam- products would not 
readily disperse. One-tenth normal hydrochloric 
acid was added continuously from a buret in just 
sufficient volumes to maintain the pH at 3.5. The 
volumes of acid added were recorded at frequent in - 
tervals for one hour. The end point, pH 3.5, is 
within the therapeutically desirable range, since at 
this level peptic activity is practically stopped, and 
the excessive acidity of the ulcer patient is reduced to 
nonirritating concentrations. 

Since the products other than the Creamalin tab- 
lets were of indeterminate age when purchased, their 
stability was studied. There was no significant 
change in their activities after six months at room 
temperature, and, therefore, it was concluded that 
the results obtained initially represented a reliable 
measure of their usual activity. 

Seleclion of Titrant. Although some investigators 
prefer to use an artificial gastric juice for their titra- 
tions, this study was carried out with 0.1 iV HCl for 
two reasons. First, the presence of a protein can 
hinder the efficient operation of the glass electrode 
due to adsorption on the surface of the sensitive glass 
membrane (13). Second, the concentrations of en- 
z>'me, salts, etc., in vivo vary over too broad a range 
to permit the preparation of a truly representative 
artificial gastric juice. 

Selection of Dosage. — ^There are a number of bases 
on which the various antacid tablets might be com- 
pared. These include tablet vs. tablet, by average 
label dose, by weight of active ingredients, or b}’ 
equivalent total acid combining capacity. A tablet 
vs. tablet comparison has little meaning since the size 


Tadue 1. — Pertinent Data for the Antacid Products Evacuated 


Av. 

Tablet 


Product 

Antacid Active Ingrcdtcnts 

mg. 

New Cream- 
alin 

Aluminum hydroxide® 
MaRnesium hydroxide 

320 rag. 

75 rog. 

G7S 

No. 1 

Aluminum hydroxide® 
Magnesium hj'droxidc 

•iOO rag, 
100 mg. 

913 

No. 2 

Aluminum hydroxide® 

784 mg. 

1055 

No 3 

Aluminum hydroxide® 
Magnesium trisilicate 

ISO mg. 
250 mg. 

552 

No. 1 

Aluminum hydroxide® 
Magnesium trisilicatc 

250 mg. 
500 mg. 

1202 

No. r» 

Aluminum hydroxide® 
Magnesium oxide 

•400 mg. 
200 mg. 

795 

No. fi 

Aluminum hydroxide® 1 
Magnesium hydroxide j 

^ 400 mg. 

4G7 

No. 7 

Aluminum hydroxide® 
Magnesium trisilicatc 

fi4S tng. 
324 mg. 

1355 

No. S 

Aluminum hydroxide® 
Calcium carbonate 
Magnesium peroxide 

144 rag. 

71 mg. 

SO mg. 

C02 

No P 

Aluminum hydroxide® 
Magnesium trisilicatc 

97 mg. 
292 mg. 

398 

No. 10 

Aluminum hydroxide® 

300 mg. 

SOO 


Total Acid Con- 
suming Capacity, Number of Tablets to 
ml. 0.1 N HCl per 


Label 

Dose, 

Tabs. 

Av. 

Label 

Dose, 

Tabs. 

Tablet 

Gm. 

Active 

Ingredi- 

ents 

• Neutral- 
ize 

250 ml. 
0.1 

HCl 

Contain 
1 Gm. 
Active 
Ingredi- 
ents 

2-4 

3.00 

125 

318 

2.00 

2.54 

1-2 

1.50 

112 

224 

2,24 

2.00 

0.5-1 

0.75 

225 

288 

i.n 

1.28 

1-2 

1.50 

79 

198 

3.17 

2.50 

1-4 

2.50 

87 

115 

2.88 

1.32 

1-2 

1-50 

170 

283 

1.47 

1.66 

2-4 

3.00 

84 

210 

2.97 

2.50 

0.5-2 

1.25 

189 

195 

1.32 

1.03 

1-2 

K50 

101 

330 

2.48 

3.33 

3-3 

4.00 

60 

151 

4. 1C 

2,52 

2-4 

3.00 

SO 

266 

3.13 

3.33 


Calculated ns aluminum hydroxide dried Rcl, U. S. P. 
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of the tablet is arbitrarily selected by the manufac- 
turer. The comparison is more meaningful when 
based on the average dose recommended for the re- 
lief of gastric hyperacidit 5 '. Therefore, the first 
comparison was made in the present study on a 
weight of ground tablet equivalent to the average 
label dose. 

In addition, comparison of equal weights of the 
antacid ingredients provides a measure of the inher- 
ent efficiency of the antacids selected, independent of 
tablet size or dosage recommendations. Therefore, 
a weight of tablet material representing 1.0 Gm. of 
the combined antacid ingredients of each tablet was 
calculated, and this information was used to prepare 
a second series of titration curves. 

The third useful basis for comparison is derived 
from the total acid neutralizing power of the tablet 
mix. This can be measured readily bj- a determina- 
tion of the total acid consuming capacity using the 
extreme conditions of the U. S. P. procedure (14). 
From these values the weights of tablet material can 
be selected which will have the same total acid com- 
bining power, e. g., 250 ml. of O.IA^ HCl, and the 
comparisons of speed, etc., made at these equivalent 
weights. 

In practice it is more convenient to use aliquots of 
the powdered antacid preparation to avoid adding 
excessive volumes of acid in the titrations. How- 
ever, it was determined experimentally that for any 
given powder there is a direct relationship between 
the weight of tablet material titrated and the volume 
of acid required. Thus a simple calculation is all 
that is necessary to convert the values obtained for 
any given weight of material to those applicable to 
another quantity. 

RESULTS 

In Table I are summarized pertinent measure- 
ments on the eleven tablets included in this study. 
Thes' comprise ten of the leading aluminum hydrox- 
ide antacid tablets and the new Creamalin tablet. 

The weight of the combined antacid ingredients in 
the tablets varied from 300 to 960 mg. The total 
size of the tablets also showed a wide range because 
of the presence of diluents, binders, and nonantacid 
ingredients. The smallest was 398 mg. and the 
largest, 1,355 mg. The total acid neutralizing ca- 
pacity of the tablets, as determined by the U. S. P. 
method, also varied widely. Tablet No. 9 neutral- 
ized only GO ml. of acid in this test while the greatest 
capacity was shown by tablet No. 2, which neutral- 
ized 225 ml. of acid. 

There was also calculated the number of tablets 
required to neutralize 250 ml. of acid under these 
conditions. The table shows that there was more 
than a three-fold difference in this measure of ac- 
tivity. The size of the tablet obviously modifies the 
amount of acid it can neutralize. However, it can be 
seen from the table that when the quantities of tab- 
lets required to contain 1.0 Gm. of active ingredients 
are compared, there is still more than a three-fold 
difference between the extremes. 

The data illustrate quite clearly that the innate 
reactivity of aluminum hydroxide and related ant- 
acids varies wideU' among different preparations and 
is influenced strongly by factors other than tablet 
size and composition. In this measurement of total 
antacid power, which docs not disclose speed or buf- 


fering power, the new Creamalin tablet occupied an 
intermediate position when considered on a tablet 
basis, because the tablet is smaller than about halt 
those considered. When the data are considered in 
terms of capacity per Gm. of active ingredients, the 
new Creamalin tablet will be seen to have consider- 
abh' more antacid power than any of the other tab- 
lets of similar composition. 

The most important test, however, of potential 
clinical value is not the assay of total activity as de- 
scribed by the U. S. P., but rather the speed with 
which acid can be taken up while maintaining a pH 
which will inhibit peptic activity. The results of ti- 
trations of these materials, carried out to a constant 
pH as described above, are shown in Figs. 1, 2, and 3. 

In Fig. 1 the activities per Gm. of antacid ingre- 
dients are plotted. It will be noted that the new 
Creamalin tablet neutralized acid faster than nine of 
the other tablets. It also neutralized more acid in 
the sixty-minute titration period than the others by a 
very appreciable margin. This test more nearly ap- 
proaches physiological conditions than the U. S. P. 



containing 1.0 Gm. active ingredients. 



TIUE in MINUTES 

Fig. 2. — Rate of acid neutralization at pH 3.5 and 
37°. Sample equals weight of tablet material tlwt 
will neutralize 250 ml. 0.1 A'HCI by U. S. P. method. 
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Fig. 3. — Rate of acid neutralization at pH 3.5 and 
37°. Sample equals weight of tablet material repre- 
senting average label dose. 


procedure and hence has considerable significance in 
suggesting superior therapeutic activity for the new 
tablet. 

It might be thought that this greater reactivity is 
the result of comparing the tablets on a weight rather 
than a chemically equivalent basis. Hence, in Fig. 2 
are shown the values when the comparisons arc made 
for quantities of the antacid which will neutralize 
250 ml. of 0.1 N HCl under U. S. P. conditions. 
.■\gain the superiority of the new Creamalin is mani- 
fest. By the end of thirty minutes, for example, the 
new Creamalin has exerted 85% of its theoretical 
antacid capacity. For the same time interval the 
next best was only up to 60%. For the forty-, 
fifty-, and sixty-minute intervals the ratios of Cream- 
alin acid consumption (in per cent) to the next best 
were 90:05, 92:72, and 93:79, respectively. 

In addition, the patient is interested in the extent 
and rapidity of his relief when taking the recom- 
mended dose. In Fig. 3 the values obtained using 
this very practical criterion are set forth. It will be 
noted immediately that when this usual clinical dos- 
age is titrated, the new Creamalin was markedly su- 
perior. It reacted much more rapidly throughout the 
entire titration and ended up by neutralizing approx- 
imately three times as much as the other tablets. 
This suggests a decided therapeutic advantage at the 
recommended dosage in both onset of relief and in 
the total amount of acid neutralized, resulting in bet- 
ter control of gastric hyperacidity. 

DISCUSSION 

It is widely recognized that aluminum hydroxide 
dried gels from different sources vary considerably 
in their physical and chemical properties. The most 
important dilTcrence when considering them as ant- 
acids is, of course, reactivity with acid. It becomes 
extremely important, then, to define precisely what is 
meant by this reactivity. Albeit the mechanism 
of reaction between aluminum hydroxide and hydro- 


chloric acid is rather poorly defined, it is quite easy to 
demonstrate experimentally certain variations de- 
pending on the conditions chosen. 

When studying total acid consuming power, the 
classical assay methods utilize a large excess of hy- 
drochloric acid to react with the antacid and back ti- 
trate to determine the amount consumed. As can be 
expected, the reaction is forcefully driven towards 
completion. In the light of the present therapeutic 
considerations the data thus obtained can be mis- 
leading. This is especially true in the case of those 
products whose rates of reaction change irith time, 
for not onl}'- must a product neutralize the acid, but it 
must do so rapidly^ to achieve prompt relief. In 
other words, the rapidity of reaction is directly pro- 
portional to the slope of the titration curve. Of 
course, it is possible to effect a high initial velocity by 
including such ingredients as magnesium hydroxide, 
alkali bicarbonates, and alkaline-earth carbonates. 
Magnesium hydro.xide has become quite popular for 
this purpose due to its attendant laxative properties. 
However, once these instantly reacting compounds 
are neutralized, the antacid effect becomes a function 
solely of the aluminum hydroxide present. The re- 
activity of the aluminum hydroxide, then, is the de- 
termining factor in the persistent efficacy of this type 
of antacid. 

As mentioned, these differences are not readily ap- 
parent under the customary procedures of assay. 
Also the conditions prescribed do not represent the 
enrironment encountered by aluminum hydroxide in 
the stomach. Hence, when more physiological test 
conditions are set up, many of the antacid prepara- 
tions are found to be much less effective than would 
be anticipated. 

Guided by this new concept of therapeutic re- 
activity it has been possible to make a highly reactive 
complex aluminum hydroxide polymer which takes 
up acid quickly and in almost theoretical amounts 
under physiological conditions. From this has been 
formulated a new tablet which makes these new 
properties available therapeutically. 
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A New Highly Reactive Aluminum Hydroxide 
Complex for Gastric Hyperacidity IF 

In Vitro Buffering Range and Duration of Action 


By E. T. HINKEL, Jr., M. P. FISHER, and M. L. TAINTER 

A new, highly reactive polymeric aluminum hydroxide hexitol complex has been de- 
veloped and incorporated into an antacid tablet. When tested in comparison with a 
liquid aluminum hydroxide gel of proved clinical effectiveness, the new Creamalin 
tablet has an almost identical duration of action and buffering range. When tested 
in comparison with ten leading aluminum hydroxide tablets using an /wi'/Vro method 
recognized as having good correlation with in vivo experience, the new Creamalin 
tablet exerts its buffering activity in the optimal range for much longer periods than 
the others. Effective antacid therapy has been defined as the elevation of gastric 
pH to between 3.0 and 5.0 with the optimum being 3.5 to 4.5. The new Creamalin 
tablet should provide a highly effective and convenient antacid for poising gastric 
hyperacidity within this optimal range. 


A PREVIOUS REPORT (1) presented a study of 
the rate of acid neutralization of a new ant- 
acid tablet, Creamalin tablet (Wintlirop Labora- 
tories), in comparison with ten similar antacid 
tablets. The new Creamalin tablet contains a 
specially prepared, highly reactive polymeric 
aluminum hydro.xide hexitol complex. It was 
shown to have a much greater rate of acid neutral- 
ization than the other tablets tested. The present 
study was undertaken to evaluate the same ant- 
acid tablets from the additional standpoints of 
buffering range and duration of action. 

It is felt that no single in vitro test method can 
furnish all the desired information regarding 
speed, duration, and buffering. Most of the 
previous work on this problem has employed the 
procedures of Johnson and Duncan (2), Rossett 
and Flexner (3), and various modifications 
thereof. In these procedures, acid is added to a 
given amount of antacid under physiological con- 
ditions and pH versus time recorded. The main 
difference in these methods is the manner in 
which acid is added to the reaction mixture.' 
Some investigators add a single, large dose of acid 
while others employ the intermittent addition of 
small amounts. The method of Rossett and Flex- 
ner (3), and its subsequent refinement by Rossett 
and Rice (4), is reported to give results correlat- 
ing very welt with those obtained clinically. The 
latter state that the addition of acid at the rate of 
240 ml. of 0.1 A’ hydrochloric acid per hour most 
nearly simulates the rate of secretion of the hyper- 
chlorhydric stomach. 

In order to interpret the data obtained by these 
methods, it is necessary to define the buffering 


• Rccdvcd April 22, 1959, from the Sterhng-WTntbrop Re 
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range which will provide the most desirable ant- 
acid effect The main objective of antacid 
therapj' is the establishment of a level of gastric 
acidity that will permit healing and relieve pain 
with the least interference with essential digestive 
requirements. It is impossible to assign an ab- 
solute value for the most effective pll for this 
purpose; however, it is possible to select an ef- 
fective range. Various pH ranges, 3. 5-4.0 (2), 
4.0-5.0 (5), 4.0-5.5 (6), and 4.0-6.0 (7), have been 
proposed, none of which seems to be entirely satis- 
factory, It is agreed that reduction in the free 
acidity of the stomach relieves the discomfort due 
to gastric hyperacidity, and it has been reported 
that relief may be achieved even at pH 2.5 (3). 
This seems probable considering the decrease in 
absolute aciditj' Raising the pH of gastric juice 
(pH 1.5) to pH 2.5 or pH 3.0 represents a decrease 
in hydrogen ion concentration of 90 or 97 per cent, 
respectively. However, it seems safer to set pH 
3 0 as the lower limit of the desirable buffering 
range. 

Healing of peptic ulcers is facilitated by a de- 
crease in peptic digestive activitj’. Peptic diges- 
tion is maximal at about pH 2.0 and decreases 
rapidly with increasing pH. All peptic activity 
ceases long before the stomach contents becnine 
neutral in a chemical sense. In fact pepsin is 
only very slightly active at pH 4.0 and inactive 
at pH 5 0. Kirsner (S) states that he.aling 
probablv occurs at a pH lower than 4.0, indicat- 
ing that complete abolition of peptic activity is 
not necessary In addition, it is well established 
that alkalinizing the stomach is undesirable due 
to the possibility of acid rebound and alkalosis 
Therefore, it appears unnecessarj- to raise the (iH 
above .5 0 to control gastric hyperacidity and to 
permit healing of ulcers 

In view of the above facts it is evident that the 
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main objective of antacid therapy can be met bv 
maintaining the pH of the stomach contents 
w ithin the range of pH 3 0-5 0 Since gastnc hy- 
peracidity IS being very successfully managed vi ith 
liquid aluminum hydroxide preparations, and 
since these exert their maximum buffenng be- 
tween pH 3 5 and 4 5, this still narrower range 
can be considered the optimal The efhcaci of an 
antacid, then, is directly dependent upon its 
abiht) to maintain the gastnc contents within the 
prescribed ranges for prolonged penods of time 

EXPERIMENTAL 

The materials studied w ere those cmploj ed in our 
prior ini estigation (1), namely, the new Creamahn 
tablet and ten leading aluminum h> droxide antacid 
tablets of comparable composition This Creamahn 
tablet contains the new, highly reactive polymeric 
aluminum h\ droxide hexitol complex in an amount 
equivalent to 320 mg of aluminum hj droxide dried 
gel and 75 mg of magnesium hj droxide The other 
tablets all contain aluminum h\ droxide as a major 
ingredient, alone or m combination with other ant 
acid ingredients Their compositions are given in 
Table I of our previous report (1), along with other 
pertinent data 

The procedure of Rossett and Rice (4) was modi- 
fied bj conducting the titrations at 37° in the pres- 
ence of a small amount of wetting agent The tab- 
lets were prepared b> grinding to pass a 60 mesh 
screen Aliquots of the powdered tablets were 
added to 70 ml of distilled water in a constant tem- 
perature (37°) cell equipped with a mechanical 
stirrer and pH electrodes The pH was tracked bv 
a continuous electronic recorder The pH electrode 
assemblj in the cell consisted of a glass electrode and 
a salt bridge connecting to an outside calomel elec- 
trode according to the technique of Duggan and 
Stevens (9) Preliminarj experiments showed tint 
the calomel electrode became contaminated when 
placed in the reaction mixture 

Ten drops of a 10% nonionic surfactant (Tnton- 
X-100) solution were added to insure wetting and 
dispersion since some tablets contain lubricants and 
other hvdrophobic materials At tune zero, 30 ml 
of 0 1 iV HCl were added to the suspension, giving 
the cquiv alcnt of 100 ml of 0 03 N HCl Continuous 
addition of 0 1 Y HCl was started immcdiatclv at 
the rate of 240 ml per hour The resulting pH 
changes were continuouslv plotted bj the recorder 
Triplicate runs were made, and the results averaged 
The dosages used for comparison were the same 
as those emploved in our previous report (1) Tliev 
were amounts of powdered tablets containing, (a) the 
average label dose, (6) 1 0 Gm of activ c antacid in- 
gredients, or (r) a total acid consuming capacitj 
(U S P ) (10) of 250 ml of 0 1 A' HCl 
To confirm the desirable buflering range, litra 
turns were carried out siniilarlv on a liquid aluminum 
hj droxide gel of prov cd clinical effcctiv ciicss Since 
the liquid had a total acid-neiitraliziiig capacilv 
(U S P ) (10) of 21 7 ml of 0 1 A' HCl per Gni . 
1 1 52 Gm s imples (prov idiiig 250 ml of 0 1 A' HCl 
toll! acid iieiilraliznig cipacitv ) were included in 
the third comparison 


RESULTS 

The titration cure es of the products are giv en ac 
cording to the three dosage compansons desenbed 
abov e The titrations for most products were con- 
tinued until the pH value dropped to pH 2 25 or 
below, at which point the antacid capacitj can be 
considered practicallv exhausted Since several 
products failed to raise the pH to this vmlue, or ex 
needed it for onlv a short time, all titrations were 
continued for at least thirtj minutes to show thar 
general shape The speed of pH change, buffering 
range maintained, and duration of antacid effect can 
be read from the curv es presented in the figures 

Figures la and 15 show the results obtained for 
the tablets and the liquid aluminum hv droxide gel 
when the companson was made on the equivalent 
acid neutralizing capacitj' basis Note that the 

tH 



Tint IN MINUTES 

Fig la — Duration of action and buffering range 
at 37° Samples equal weight of tablet material 
that will neutralize 250 ml 0 1 jV HCl bv U S P 
method Start with 70 ml water plus 30 nil 01 
A' HCl and add 0 1 N HCl contmuouslj at the rate of 
240 ml per hour 



Duration of action and buffering range 
at 3i Samples equal weight of tablet material 
tint will neutralize 250 ml 0 1 A' HCl bv U S P 
nmliod Start with 70 ml water plus 30 ml 0 1 A 
HCl and add 0 1 \ HCl continuouslv at the rate of 
240 ml per hour 
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liquid gel does indeed buffer uithin the optimal 
range, pH 3 5-4 5, and that approNimately 85% of 
Its effcctiie duration of action is eserted therein 
The cur\es for the nen Creamahn tablet and the 
liquid are practicalh superimposable for their dura- 
tion in the optimal range This is due to the fact 
that the usual ad\erse effects of the dning and 
tabletmg operations on the activ iti of aluminum 
htdroNide gel ha\e been largeh eliminated m the 
netv tablet In contrast, onU tuo other products. 
No 1 (Fig la) and No 2 (Fig 16), exhibited an 5 
buffering m tlie broad effective range, pH 3 0-5 0 
Three products. Nos 3, 7 and 9 (Fig la), showed 
buffering capacit> but onl} at a level below the 
minimum effectiv e limit The others failed to show 
anj significant buffering at all It is also interesting 
to note the general shape of the curv es for products 
Nos 1 and 2 No 1 show s an initial rapid fall for 
about the first ten minutes and then begins to evert 
its mam buffering action With No 2 there is a 
latent period of fifteen minutes before this product 
begins Its antacid activity This w ould seem to in- 
dicate an undesirable delaj m onset of action in a 
condition w here rapid aetion is an essential requisite 
for prompt relief Products No 5 (Fig la) and No 
8 (Fig 16) rapidly raise the pH above 5 0, but the 
pH then falls rapidli through the desired ranges 
In order to further quantitate the results, the times 
were measured during which the pH was maintained 
within the two ranges, i e , the effective range, pF 
3 0-5 0, and the optimal range, pH 3 5-4 5 These 
data are presented graphicall} in Fig 2 The new 
Creamahn tablet held the pH in the broader range 
for fortv five minutes and m the optimal range for 
tfurtv eight minutes This represents 85% of the 
duration of action of the liquid gel in these ranges 
It also Ins approvimatelj I*/" and 2 V 3 times as long 
a duration in the effectiv e and optimal ranges as the 
nevt best tablets Siv of the tablets tested never 
brought the pH into the optimal range, and tliree of 
these did not even reach the lower effective limit 
The values obtained when using the av erage label 
dose as the basis of comparison arc presented in Figs 
3o and 36 It is quite ev ident from inspection that 
the new Creamahn tablet surpasses all of the others 
in Its duration of action The onlv other product 
which maintains the pH in the prescribed ranges for 
anj length of tune is No 6, but its actual buffering 
power is meager as shown bv the declining slope 
of the curve Products No 5 (Fig 3a) and 8 (Fig 
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Fig 2 — Duration of action in effectiv t and op 
tunal ranges Samples equal weight of t iblet ma 
tenal that will neutralize 2yj ml (» I ^ HCI bv 
U S P method L G —liquid gel C Creaiiia 
hn 



Fig 3a — Duration of action and buffering ringe 
at 37° Samples equal weight of tablet material 
containing average label dose Start with 70 ml 
water plus 30 ml 0 1 HCI and add 0 1 A'^ HCI con 
tmuously at the rate of 240 ml per hour 



Fig 3b — Duration of action and buffering range 
at 37° Samples equal w eight of tablet material con 
taming average label dose Start w ith 70 ml water 
plus 30 ml 0 1 A^ HCI and add 0 1 N HCI con 
tmuously at the rate of 240 ml per hour 

36) drop quickly through these ranges after an 
initial rise to the upper limit Product No 2 (I ig 
36) again shows a prolonged onset of action anil 
reaches pH 3 0 for a very short interval All the 
others buffer below the minimum accept.ible level of 
pH 3 0 

The durations of action within the specified ranges 
for the av erage label doses are summarized in Fig t 
The Creamahn tablet was active for sivtj-fi'O 
minutes m the optimal range and seventj seven 
minutes m the effective range This is 4 tunes and 
2Vs times the duration of the nevt best product in 
the respective ranges Seven products never pro 
duced anj effect m the optimal range, and three did 
not even bring the pH into the broader effective 
range An important observation from this test 
IS that the recommended average dosage is prob iblv 
insufficient to achieve a satisfactorj gastric environ 
ment in a majority of the products tested 

The comparison based on quantities of the ant icid 
tablets which would contain 1 0 Gm of ictive m 
gredients is presented in Figs 5a and 56 \s will' 
Figs 1 and 3, tlie same general characteristics ire 
apparent Once more it can be seen that the 
Creamahn tablet produces the most prolonged effect 
Product No 2 CFig 56) appears as second hot, 
however, it again shows a delav of ibout fiftcvn 
minutes before pH 3 0 is reached Products No •' 
(Fig 5a; and 8 (Fig 56) raise the pH iiiidc-irahlj 
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Fig. 4. — Duration of action in effective and op- 
timal ranges. Samples equal weight of tablet ma- 
terial containing average label dose. C — Creamalin. 



Fig. 5a. — Duration of action and buffering range 
at 37°. Samples equal weight of tablet material 
containing 1.0 Gra. antacid ingredients. Start with 
70 ml. water plus 30 ml. 0.1 jV HCl and add 0.1 N 
HCl continuously at the rate of 240 ml. per hour. 



Fig. 5b. — Duration of action and buffering range 
at 37°. Samples equal weight of tablet material 
containing I.O Gin. antacid ingredients. Start with 
7n ml. water plus 30 m\. 0.1 X HCl atid add 0.1 jV 
HCl continuously at the rate of 240 ml. per hour. 

high at the start and do not show any prolonged 
buffering in the desired region. The curve for prod- 
uct No. 1 (I'ig. 5n) also show.s a characteristic dip 
to a i)oinl below pH 3.0 and only a short interval 
above this value. Froiluct Xo. 5 (Fig. 5b) shows a 
steady decline indicative of limited buffering 
capacity. Product Xo. 10 held the pH above .3.0 for 
only seven minutes, whereas the remaining four 
product.s never reached this value. 

The durations of action for this comparison arc 


Edition 

summarized in Fig. 6. The new Creamalin tablet 
maintains the pH within the optimal range for 
fifty-three minutes and within the effective range for 
si.xty-two minutes. This is 2'/! and I’A times the 
duration, respectively, of the ne.\t best, product Xo. 
2. Most of the other products show even less ac- 
tivity than can be accounted for by differences in the 
e.vpeotcd reactivity of their individual antacid in- 
gredients. 


OORATlON Of ACTTC« 

EfFECTlVE BANCe OPTIMAL RANGE 

30*30) < IS--* SJ 



Fig. 6.— -Duration of action in effective and op- 
timal ranges. Samples equal weight of tablet ma- 
terial containing 1.0 Gm. antacid ingredients. 
C — Creamalin. 

DISCUSSION 

In the treatment of gastric hyperacidity the first 
concern of the patient is, of course, relief of discom- 
fort. To be effective the antacid must have a rapid 
onset of action, i e., it must reduce the acidity of the 
gastric contents quickly to a pH range, pH 3.0 to 5.0 
and preferably pH 3.5 to 4.5, which will give the de- 
sired relief. Altliough many alkalies will quickly 
rc.ach this range, most of them overshoot and raise 
the pH too high. An ideal antacid should rapidly 
bring the pH to within these limits without exceeding 
pH 5.0, and preferably buffering between pH 3.5 and 
pH 4.5. The success of liquid aluminum hydroxide 
gel is probably due to the fact that it exerts its action 
in this manner. However, it is well known that some 
of the previously available aluminum hydroxide 
tablets have given disappointing results. The dif- 
ference in reactivity between these tablets and the 
gel is considered to be of serious clinical importance 
(4). It is in order then to review briefly some of the 
factors responsible. 

Contrary to the popular conception, so-called 
aluminum hydroxide has a very complex chemical 
composition and exists in polymeric forms witli 
varying states of hydration. Aluminum hydroxide 
that is readily reactive with acid at body tempera- 
ture represents a very delicate variation of this 
general structure. This is especially true with re- 
spect to the c.\tent of hydration. Depending upon 
the nature of the original gel and the manner in 
which it is dried, it is possible to make dried gels 
which react very avidly with acid or are almost com- 
pletely inert. 

Another factor which is very important is the 
technique of manufacture of the tablet. Jfost 
tablets contain, in addition to the active ingredients, 
an assortment of diluents, binders, lubricants, dis- 
intogrants, and other materials requisite to the 
preparation of an elegant tablet. I'ariations in dis- 
integration times and the presence of hydrophobic 
materials definitely affect the availability of tlie ac- 
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live ingredients, even in chewing tablets. In com- 
pression of the tablet, the pressure exerted within the 
die, in the order of five tons, may create enough heat 
to further dehydrate the polymer and contribute to 
its loss of activity. The pressure may also make the 
tablet so hard that it becomes difficult to disperse 
and chew. 

Most of these difficulties have been overcome with 
the development of the highly reactive polymeric 
aluminum hydroxide hexitol complex which has been 
incorporated into the new tablet. It has been 
demonstrated under physiological conditions that 
the buffering range and speed of reaction of this 
tablet are almost identical with that of a clinically 
effective liquid aluminum hydroxide gel and that its 
duration of action is onlj’ slightly less than a 
chemicalh- equivalent quantity of the liquid. It also 
disperses readily even without chewing. 

Another attribute of the new Creamalin tablet is 
apparent from an inspection of its titration curves. 
It buffers in almost exactly the same range regard- 
less of the quantity used. An increase in dosage pro- 
longs the duration of action without significantly 
shifting the resulting pH zone, illustrating the de- 
sirable balance between aluminum hydroxide and 


magnesium hydroxide that has been built into tlic 
tablet. This resistance to pH change with increased 
dosage is important when considering the frequency 
of administration to a patient with a highly active 
ulcer. There is little likelihood of alkalinizing the 
stomach through overdosing. This should allow 
the establishment of dosage schedules designed to 
overcompensate for variable gastric emptying time 
with the assurance that the pH of the stomach con- 
tents will remain in the desirable range. 
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The Preparation of Some Amides of Bromal* 


By WIJ.LIAM D. EASTERLY, Jr., and VAN R. ROSA 


A series of amides, including both aliphatic 
and aromatic compounds, were prepared for 
the purpose of evaluating their toxicity, anti- 
fungal activity, antispasmodic activity, and 
sedative-hypnotic effect. 


A REVIEW of the work with various amide de- 
rivatives indieates that very little study has 
been made of the bromal amides. Therefore, in 
extension of the study of substituted amides (1), a 
number of amide derivatives of bromal have been 
prepared. Some of these are new compounds; 
others have been synthesized previously. 

Bischoff reported the preparation of bromalure- 
tliane in 1874 (2), and .Schiff and Tassinari pre- 
pared bromalacetamide about the same time (3). 
In 1932 the condensation of bromal hydrate with 
urea (4) was reported. 

Velburgi (5), in 1933, reported the chemical 
properties of a number of bromal amides, pre- 
pared by condensing bromal hydrate with a series 
of aliphatic amides from formamide to pelargona- 
mide. Meldrum and Deohar (C) extended this 
work bv condensing bromal hydrate with aro- 
matic amides, including benzamide, phcnylaceta- 
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mide, and salicylamide. Chattaway and Janies 
(7) prepared the methylurea derivative of bromal. 

More recently, bromal has been used in the 
preparation of compounds of tlie DDT tyjie for 
insecticide studies. Cristol and Haller (8) used 
bromal in their production of l,l,l-tribromo-2,2- 
bis (/>-bromophenyl) ethane. Balaban and Sut- 
cliffe (91 prepared aryl trihaloethanes by condens- 
ing two different benzene compounds sucli as 
chlorobenzene and fluorobenzene with bromal. 
-Analogs of DDT have also been prepared by re- 
acting bromal with aromatic ethers (10). 

The preparation of some bromal amides for 
investigation was undertaken in view of previous 
work with various substituted amides. Byrum 
and LaRocca (II) showed the potentialities of 
amide derivatives as sedative-hypnotics in their 
investigation of certain chloral and a,a,0-lTi- 
butjTaldehyde amides. -Anticonvulsant activity 
has been demonstrated for certain amides of di- 
chloroacetaldehyde by Easterly and LaRocca (!)• 
Other substituted amides, the a-bromoaeeta- 
mides, have revealed remarkalile levels of fungus 
inhibition (12). 

EXPERIMENTAL 

General. As no record has been found to ilaU 
of their previrms preparation, the phenyihutyraini'le 
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Table I — Bromal Amides'’ 
RCONHCH(OH)CBr, 


Compound^ 

Yield. 

% 

M P 

®c * 

Formula 

Calcd 

% 

-H al ogen — — — 
Found^ 
% 

Acetamide* 

29 

166 

CtHsBrrNO; 

70 8 

72 2 

a-Chloroacetamide 

51 

135 

CiHsBrsClNOi 

73 5 

72 H 

«-Phenvlacetamide“ 

49 

147 

CtoHioBraNO. 

£)'< ) 

56.2 

Propionamide'* 

26 

167* 

CsHsBrsNO; 

67 8 

66.4 

Butvramidea 

30 

146 

CeHieBrsNOr 

65 2 

66 2 

Isobutyramide’’ 

33 

154 

O2 

65 2 

64 1 

a-Phenylbutyramide 

38 

139 

CuHtiBriNO- 

54 1 

53 5 

Benzamide® 

25 

148 

CsHsBrjXO: 

59 7 

58 8 

Nicotinamide' 

23 

158 

CsHtBrsXsO; 

59 6 

59 6 


“ The “Chemical Abstracts" name for these compounds. N (2,-a,-2 tnbromo l-hydroit> ethj 1) amides was not used in this 
paper because it is unirieldy 

e All chemicals used were Eastman (Reagent) grade 
r Melting points taken on Fisher-Johns apparatus 
d Average of two determinations 
r Prepared previously by Schif! and Tassinari (3) 

/ The compound contains both chlorine and bromine, and the analysis is for total halogen 
d Prepared previously by Meldrum and Deohar (0) 
h Prepared previously by Velburgi (5) 

» Melting point is lower than the l/d® reported by Yelburgi (5) 

1 Reference (13) 


and the chloroacetamidc derivatives are reported 
as new, the preparation of the others has been re- 
ported (3, 5, 6, 13) 

All the bromal amides reported in Table I were 
prepared by condensing bromal (tribromoacetalde- 
hyde) with the appropriate amide The general 
reaction equation is' 


As a check on procedure, a duplicate analysis for 
the bromine content of bromal acetamide was made 
by Oakwold Laboratories of Alexandria, Va 
The analytical data for the nine compounds are 
given in Table J 

SUMMARY 


Br O O 

I II II 

Br— C— C— H -b R— C— MH. ■ 

! 

Br 


Br OH O 

I I II 

Br— C— C— NH— C— R 
111 


METHOD 

Equimolar portions of bromal (tribromoacetalde- 
hydc) and the appropriate amide uere allowed to 
react, temperatures being maintained in a constant 
temperature bath The optimum reacting tem- 
perature for the compounds prepared ranged from 
21 to 37° Condensation, indicated by the forma- 
tion of a paraflin-like solid, varied from a few min- 
utes for bromal nicotinamide to five days for bromal 
«-chloroacetainidc (The most suitable temperature 
and reacting time tor tlie majority of the condensa- 
timis was approsimatcly twcwty-fowr hours at 25°.) 

The condensed masses were dissolved in liot 
alcohol, followed by purification and crr'stallization 
bv essentially the same procedure as tliat previously 
reported for dichloroacetaldehyde derivatives (1) 

Analytical Methods. — E.ach compound was first 
tested qualitatircly for nitrogen and bromine by 
applicivtion of tfie soditun fusion process Then 
quantitative detenninatious were made using the 
peroxide bomb fusion mcthotl for bromine 


1 A satisfactorj’ laboratory procedure for 
synthesizing some amide derivatives of bromal is 
described 

2. The physical properties of nine bromal 
amides are given 

3 Antifungal activity studies on the com- 
pounds have been conducted, with results to be 
published in another paper. 

4. Additional pharmacological screening of 
the compounds is being carried out by The Up- 
john Company. Kalamayoo, AUch 
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The Kinetics of Degradation of Chlorobutanor 

By A. DAMODARAN NAIRf and JOHN L. LACK 


The degradation of chlorobutanol in aque- 
ous solutions appears to be a specific hy- 
droxide-ion-catalyzed reaction. The over- 
all rate equation was found to be equal to 
ki (chlorobutanol] -b k; [chlorobutanol] 
|OH~]. The energj of activation and half- 
life periods were calculated. The half-life 
for the reaction in a buffered solution at pH 
3 was calculated to be 90 years at 25° 
whereas the half-life under similar condi- 
tions at pH 7.5 was found to be 0.23 years. 

/~'hlorobutanol, a widely used bacteriostatic 
agent in pharmaceuticals, has been observed 
to undergo decomposition in solution Ray and 
Basu (1) made solutions of chlorobutanol with 
and without sodium chloride and adrenaline hj'- 
drochloride, and determined the amount of chloro- 
butanol decomposed after autoclaving each solu- 
tion in a cotton-plugged flask at 1.5 pounds pres- 
sure for thirty minutes In addition to its loss 
due to volatilization, they observed that it is hy- 
drolyzed to a considerable degree in solution after 
heating or on prolonged storage van Esveld (2) 
stated that the adrenaline-chlorobutanol mi.xtures 
undergo no loss of potency even after storage for 
three months in ampuls Gershenfeld (3) used 
ehlorobutanol in dilutions of 1 200 to 1 1,000, 
and observed the antibacterial property against 
various organisms before and after heating the 
solutions for half-hour periods at 121, 100, and 
05° The results of his study showed that when 
heated, all solutions failed to show bacteriostatic 
properties against test organisms and si>ores used 
because of the decomposition of the preservative 
He also ^bsen'ed that chlorobutanol decomposes 
readily in alkaline solution Taub and Luckey 
(4) studied the effect of sterilization temperature, 
storage, and pH on the stability of solutions of 
chlorobutanol in ampuls They noticed a drop in 
pH of the solution if the initial pH was above 4 
They also observed that the decomposition is min 
imum betueen pH 3 to 0 in bulTered solutions and 
between pH 3 and 4 in unbulTcred solutions 
Murphy, et al (o), estimated the percentage of 
hvdrolysis o' aqueous chlorobutanol solutions 
at different hydrogen ion concentration after 
autoclaving at 121° for periods of time ranging 
from five to tuenty minutes and states that the 
hvdrolysis of chlorobutanol is slight at pH values 
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below 5, but increases sharply in less acidic solu- 
tions They also point out that when neutral or 
alkaline solutions of sufficiently high bufferinj; 
capacity containing chlorobutanol are autoclavcci 
the antibacterial effect is definitely impaired 
Since the hydrolysis of chlorobutanol lowers the 
pH of unbuffered solutions the hydrolysis is there- 
fore self-limiting. 

Although a number of studies have been con- 
ducted on the stabilitj^ of ehlorobutanol in aque- 
ous solutions, no attempt has been made quantita- 
tively to study its decomposition. The purpose 
of this work, therefore, was to study the kinetics 
of degradation of chlorobutanol in aqueous solu- 
tions 

EXPERIMENTAL 

Apparatus and Reagents. — Phosphoric acid buf- 
fers (0 4 il/) of pH 2. 3, and 4; 0.4 df acetate biiflcrs 
of pH 5 and 5.5; 0 4 Phosphate bufTers of pll 5 5. 
6, 6 5, 7, and 7.5, constant temperature bath uith 
Sargent heater, circulator, and regulator; thermmu- 
cter calibrated to 0.1; Beckman pH meter, 5-cc 
ampuls, and apparatus and reagents used in "The 
Determination of Chlorobutanol in Pharmaceuticals 
by Amperometric Titration” (G), with the e\ccptiou 
that 0 025 N NaCl solution and 0 02 N alcoholic 
-AgNOs solution were used in the place of 0 OS A 
solutions of XaCl and .-^gNOi ' 

Procedure Used for the Determination of pH and 
Temperature Effect.— One-tenth gram of chloro- 
butanol was accurately ucighed into 250-ml volu- 
metric flasks and solutions ranging in pH from 2 
to 7 5 (in increments of 1 pH unit from pll 2 to o 
and of 0 5 unit from jiH 5 to 7.5) were made b> 
iiic.ans of 0 4 M buffer solutions About 3 cc of 
these solutions ucre transferred to 5-cc aninub, 
scaled, placed in uire baskets, and innnersed ui 
constant temperature bath containing liquid p.iraf- 
fm .\fter a lapse of about three minutes to alloo 
the solutions to equilibrate therm.illy, one ampul 
w,>s taken out, chilled in cold water, and an.dyrcd 
for ionic chloride content, as described in "The 
Determination of Chlorobutanol in Pharmaceuticals 
by .Xniperoinetric Titration” (G). This u.is re- 
peated at definite intervals of time over !i period of 
forty hours for solutions of pH 2 to .5 and for a 
sherter period of time for solutions of pi I G to / ..i 

For solutions of pH below G 5, nie.isurcineiits were 
made by setting the tempenitiire of the bitb :d 
93.5° and 8.5° :md for srlutions of [til above G 
measurements were in.ide by setting the tempi r- 
•iture of the bath at G.5 and 7.5° For solution' 
of pH C .5. readings were taken .it .dl the ti inpi r.iture 
settings mentioned aboe e 

Initi lily, duplic.ite s.imiiles were witlidr.iwii from 
the bath and anal.\/ed. but this was liter di-^”" 
tinued as a result of the degree of precision att.iim' 

The equivalents of chloride ion found [iir litir o 
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the chlorobutanol solution were calculated in the 
following manner: 

Equivalents of Cl~/liter = (ml AgNOa)/2 

where 2 is the volume of the sample withdrawn for 
analysis Since 3 Cl“ are liberated for everj- mole 
of chlorobutanol according to the stoichiometric 
equation 

(CH,):— C(OH)— CCI3 3 Cl- 

ihe amount of chlorobutanol decomposed per liter 
of the solution can be calculated as follows: 

chlorobutanol moles /liter = (Eq. CI“/liter)/3 

Procedure for the Determination of the Order 
of the Reaction with Respect to Chlorobutanol by 
Changing Its Initial Concentration. — Essentially 
the same procedure as above was carried out except 
for the necessary changes in the concentration of 
chlorobutanol The temperature was held at 
75° and the pH was maintained at 6 5 The otlier 
concentrations of chlorobutanol solutions used were 
0 08 and 012%. 

Procedure for Determining the Effect of Change 
of Molarity of Buffer Solutions and also the Effect 
of Change of Ionic Species of Buffer Solutions. — 
Three-tenths molar and 0 2 buffer solutions of 
pH 6 5 were made and the above procedure was 
repeated To note the effect of change of ionic 
species, 0 4 M phosphate buffer and 0 4 M acetate 
buffer, both of pH 6 5, were made and the rate of 
decomposition of chlorobutanol was studied 

Characterization of the Degradation Products. — 
Chlorobutanol (0 25 mole) was decomposed with 1 
mole of NaOH dissolved in SOO cc of distilled water 
(to obtain a 5% solution) at 5 to 10° I'olatilc 
components were removed by means of a steam 
bath The residual solution was acidified with 
phosphoric acid and steam-distilled, and 1,600 cc 
of distillate was collected 

The above procedure was rcpc.itcd using 5% 
alcoholic NaOH solution (the alcohol content 
being 90%). After removing alcohol and other 
volatile components on a steam bath. SOO cc of 
water was added to the residue and steam-distilled 
as before, and 1,600 cc of distillate was collected 

RESULTS AND DISCUSSIONS 

The results obtained indicate that the degradation 
of chlorobutanol in aqueous solutions is a base 
catalyzed reaction. Since there is no change in k, 
the specific reaction constant, when the reaction 
was carried out in buffer solutions of diffcreiil 
molarity and of different ionic species, the hydrolysis 
appears to be a specific hydro\ide-ion-catalyzcd 
reaction (Figs. 1, 2) 

The rate equation for the degradation may be 
written as follows: 

Rate “ k Cfi,]oroi,uiaroi°* Con 

where k is the siiecific reaction constant Since 
the study was conducted in buffer solutions, OH- 
concentration remained constant during each run 
and the rate equation is reduced to: 

Rate = k' C,u 
where k' - K Con'". 



Fig 1 — The effect of change of molarity of buffer 
on the rate of degradation of chlorobutanol at pH 
6 6 and at 75° 



Fig 2 — -The effect of change of ionic species of 
buffers on the rate of degradation of chlorobutanol 
at pH 5 5 and at 85°. 

The degradation is first order with respect to 
chlorobutanol, since a straight line relationship was 
obtained when the logarithm of the concentration 
of clilorobutanol was plotted against time at vari- 
ous pH, Figs 3-6 This can be further verified. 
Fig. 7, by plotting the amount of Cl“ produced 
during the hxdrolysis against the various initial 
concentrations of chlorobutanol, since chlorobutanol 
when decomposed liberates chloride ions according 
to the stoichiometric equation: 

(CH,);— C(OH)-CCl. 3 Cl- 

in Fig S, the concentrations of Cl” found after 
being held at 75° for sixteen hours at pH 6 5 have 
been plotted against the original concentrations of 
chlorobutanol. 

It is obvious from the plot that the amount of Cl” 
libcrated is directly proportional to the initial con- 
centration of the substrate, indicating the first order 
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Fig 3 — Log of the concentration of chlorobutanol 
against time in hours at 93 5“. 



Fig 4. — Log of the concentration of chlorobutanol 
against time in hours at 85°. 


dependency of the h 3 ’drolysis with respect to 
chlorobutanol 

The order of the reaction with respect to OH“ 
maj'be obtained as follows- 
Since 

k' = K Coa-ti K = constant 

log k' = log K -f n log Con- 
log k' = log K' + H pH K' = constant 

pKw = pH + pOH 

Therefore a plot of log k' vs. pH should be a straight 
line, 71, tlie order of the reaction, being equal to the 
slope of the line. Figure 9 represents the plot of 
log k’ vs. pH at 93 5 and 85°. This plot shows that 
the reaction, with respect to OH~, is zero order from 
pH 2 to 4 and is first order from pH 5.5 to 7.5 

The overall rate mat- then be written as follows: 

rate — kl C(clilorobutanoI) “h k; ti'(cliIoro(,manoI) (OH ) 

J 2 

Since the concentration of OH~ is verj' small at 
low pH, tlie second factor in the above rate equa- 
tion becomes very- small compared to the first factor 
and is negligible. Therefore, between pH 2 and 4, 
the rate is dependent on the concentration of cliloro- 
butanol onlj-, as indicated by the plot. From 
pH 5.5 to 7.5, the first factor is small and negligible 
when compared to the second factor in the abo\-e 
rate equation, and consequently the rate becomes 
dependent on tlie concentration of chlorobutanol 
as uell as that of OH“. Therefore, from pH 5 5 
to 7.5, the rate is first order with respect to chloro- 
butanol and also first order with respect to OH", 
the overall reaction order being second order. Al- 
though this study uas conducted up to pH 7 5. it 



Fig. 5. — Log of the concentration of chlorobutanol 
against time in hours at 75°. 



Fig. G — Log of the concentration of chlorobutanol 
against time in hours at 65°. 


would follow that the first order dependency on 
chlorobutanol would hold true for pH above 7.'> 
Between pH 4 and 5 5, the order of the overall 
reaction is not strictly first order or second order. 

Specific reaction constants for the degradation of 
chlorobutanol in aqueous solutions at various pH 
were determined at four temperatures (Table 1) 
and the -Arrhenius type plot of log k' vs. \/T «as 
observed to give a straight line (Fig. 10). The 
apparent energy of activation, jE„, for these reac- 
tions at various pH’s was determined from the 
slopes and found to be constant at 30 7 ± 0 8 
kilocalories. Since this apparent energy of acti- 
\-ation includes the heat of ionization of uater 
(approximately 12 kilocalories), the energy of acti- 
vation for the h>dro\\-l reaction uould he 18 7 kilo- 
calories, a reasonable value for hydrolytic reactions 
of this type. 

The half-lives for chlorohutanol in aqueous solu- 
tion at 2.')° verc determined from the calcuhitceJ 
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Table I — The Specific Reaction Constant, A'.for the Degradation of Chlorobutanol at Different 

pH and at Different Temperatures 


-Temp . °C 



05 

75 

So 

93 5 

pH 


it', specific reaction constant, sec"' 


2 




3.95 X 10-5 

3 



1 4 X 10-5 

4 06 X 10-5 

4 




3 90 X 10-5 

5 



2 86 X 10-5 

8 20 X 10-5 

5 5 



6 74 X 10-5 

2 05 X 10-5 

6 0 



1 81 X 10-5 

5 42 X 10-5 

6 5 

4 43 X 10-* 

1 54 X 10-5 

5 98 X 10-5 

1 71 X 10-5 

7 0 

1 36 X lO-s 

4 74 X 10-5 

1 66 X 10-‘» 

4 42 X lO-^* 

7 5 

4 17 X 10-‘ 

1 56 X 10-‘ 

5 29 X 10-^" 

1 42 X 10-5* 


" Calculated values from those expenraentally obtained at (15 and 75* 



TIME IN HOURS 

Fig. 7 — Log of the concentration of chlorobutanol 
against time in hours at pH 6 5 and at 75°. The 
plot shows the first order dependence of the reaction 
with respect to chlorobutanol, the rate of the reaction 
being directly proportional to the concentration of 
the substrate. 


specific reaction constant, k’ for reactions at various 
pH and at 25° (Table 11, Fig. 11). 

The Degradation Products.— The degradation 
products were qualitatively identified as acetone, 
carbon monoxide, chloride ion. and alpha hydroxy- 
isobutyric acid. 2,4-Dinitrophenylhydrazine and 
/>-nitrophenylhydrazine derivatives of acetone were 
prepared and the melting points were observed to be 
126 and 152°, respectively. The presence of CO 
was detected by means of Saf-Co-meteri (carbon 
monoxide indicator). The chloride ion was detected 
with silver nitrate. The p-toluide and the /.-nitro- 
benzyl ester of alpha hydroxyisobutyric acid were 
melting points were observed to be 
130-136 and 84-86°, respectively (which were 
2 and 4 higher, respectively, from the repotted 
ones) The amount of this acid obtained was very 
small in aqueous solutions; when chlorobutanol 
was decomposed with aqueous NaOH, acidified 
and steam-distilled, the distillate was found to 
contain only 0 6% of acidic product whereas, when 
the same procedure was carried out in alcoholic 
NaOH, the distillate was found to contain 18% of 
acidic product However, it has been observed bv 
previous workers (7) that one of the methods of 
making alpha hydroxyisobutyric acid is by the action 
of alcoholic alkali on chlorobutanol 
The principal products of degradation of chloro- 
butanol in aqueous solution, consisting of chloride 


!■> 


■Sif CO meter (carbon monovUlc indicator). Dceclon, 
1 National Borean of Standards, tl S pat. 2.-IS7.077. ^ 


Table II. — Half-Life Periods, /'/s. for the 
Degradation of Chlorobutanol at Different 
pH AND AT 25° 


(‘A 


pH 

(Years) 

log I'A 

2 0 

90* 

1.9542 

3 0 

90 

1.9542 

4 0 

90* 

1 9542 

5 0 

40.3 

1.6053 

5 5 

23.2 

1 3655 

6.0 

9 0 

0 9542 

6 5 

2 4 

0 3802 

7.0 

0.61 

-0 2147 

7 5 

0 23 

-0.6383 


'■ £a, energy of activation, for the 

at pH 2 and 4 is the same as 



INITIAL CONCN. CHLOROBUTANOL. MOLES/LITER 
X 10' 

Fig. 8. — Influence of initial concentration of 
chlorobutanol on amount of chloride ion liberated 
at pH 6.5 and at 75°. The plot shows the first order 
dependence of Cl“ formation with respect to chloro- 
butanol. 


.on, axteone. anu caroon mono.xide have been deter- 
mined quantitatively by several investigators. On 
the basis of the stoichiometric relationship that each 
mole of chlorobutanol liberates three Cl~, chloro- 
butanol has been quantitatively determined in this 
(8) and Jensen and Janke (9) have 
ass^ e chlorobutanol by determining acetone which 
'’asis Bressanin and 
W ’Vfe quantitatively determined the car- 
chlorobutanol^ ^‘berated during decomposition of 

buwnol and the km«ics shloro- 

pccts of the mechanism of its 

postulated. degradation may be 
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pH 

Fig 9 — Log k', the specific reaction constant, 
against pH at 93 5 and 85°, showing the order of the 
reaction witli respect to OH" concentration 


Rat and Basu (1) hate suggested the follomng 
equations for the )it droR sis of chlorobutanol 

(CHaL— C(OH)— CClj — 

(CH,)^— C(OH)— COOH + 3 HCl 

(CHjL— C(OH)— COOH — 

(CH3),C0 + CO. + HjO 

This meclianism does not appear to be correct since 
carbon diotide ttas not identified as one of the de 
composition products and since the abot e equations 
do not show the liberation of carbon monoxide which 
IS apparent!} formed during the reaction 

Bressanin and Segre (10) hate suggested the fol 
lotting two tjTies of mechanisms for tlie degradation 
of chlorobutanol 


1 (CH,),— C— CC1,-*(CH,)— C— C— Cb — 

I \/ 

OH O 

(CH,)iCO + CCb 

20 H - 

CCI CO + 201- + FI O 


2 (CHs) — C— CClj 

I 

OH 


(CH,) CO + CHCl, 



(l/D X to* 


—pH 7 . 
—pH 7 
—pH 0 I 
— pH 0 

—pH 5 1 
-,,H , 
—pH 1 


Fig 10 — Arrhenius plots showing the tempen 
tiire dependence of rate of degradation of chloro 
butanol at different pH 



CHClj » CO + 3C1- 

Hine (11), in his kinetic studt of decomposition 
of CHClj in 66V3% aqueous dioxane has proposed 
the following as the most Iikelt mechanism for its 
decomposition 

fast OH- 

CHCI: ^ ' CCI,- + H-O 

cell Cl- 


is cxtremel} slow when campared to that of chloro 
butanol, chloroform is notan intermediate product 
during the hj drolj sis of chlorobutanol 

As has been pointed out, the degradation of clilo 
robutanol is independent of hjdrogcn ion concentn 
tion at low pH but dependent at pH of 5 and aboie 
It IS unhkel} that two separate mechanisms arc ni- 
volxcd m this decomposition The mecinnisin 
suggested bj Bressanin and Segre (10) appears to he 
III accord with the ax’ailable experimental data ami 
IS listed below 


OH - HOH 

CCI. CO + HCO.- 

Howexer, chloroform is onlj xerx slowh decom- 
posed m aqueous solution, and in order to effect 
complete decomposition of CHCI, it must be re- 
fluxed with NaOH for sexeral hours (12) There- 
fore, It IS ex ident from the kinetic studx of the deg- 
radation of chlorobutanol liberating acetone, car 
bon monoxide, and chloride ion that, because the 
rate of degradation of ehloro form in iqucous alk ili 


OH slow 

(CH,)^C~CCh >(CH,) 

I proton 

OH transfer 


C— C— Cl. +CI- 

n/ 

O 


List 

ICH,),- C— C— Cl, » (ClI,) CO + CCI 

/ 

o 

OH - HOH 

CCI- » CO -t- 2C1- -i- H.O 


fast 
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Since a-liydro.\yisobutyric acid was isolated in 
minute amounts from the degradation products, its 
formation is probably due to a competitive reaction 
as illustrated below: 


Cl 

/ ale OH- 

(CHsh— C~C— C! 1 

I \ slow 

OH Cl 

OH 

/ 

(CH,)"— C— C— Cl 4- Cl- 

1 \ 

OH Cl 


OH 

/ fast 

(CH,)r-C— C~C1 > 

I \ OH' 

OH Cl 

O 

II 

(CH,h— C— C— Cl + Cl- 
OH 


o 

II 

(CHj)^— C— CCl 

I 

OH 


fast 

OH- 


O 

11 

(CH,).— C— COH + Cl- 

ou 


This type of reaction seems to be highly favored in 
alcoholic medium (7). 


SUMIHARY AND CONCLUSIONS 


1. The degradation of chlorobutano! in 
aqueous solutions appears to be a specific fiy- 
droxyl-ion-catalyzed reaction. It is first order 
with respect to chlorobutanol. With respect to 
OH-, it is first order from pH 5 to 7.5 and zero 
order from pH 2 to d. Although this studj' was 
conducted only up to pH 7.5, it would follow that 
the first order dependency on chlorobutanol would 
hold true for pH above 7.5. 

2. The apparent energy of activation, Ea, for 
the degradation of chlorobutanol in aqueous solu- 
tions from pH 2 to 7.5 was found to be a constant 
at 30.7 ± O.S kilocalories. Since tliis apparent 
energy of activation includes the heat of ioniza- 
tion of water (appro.vimately 12 kilocalories), the 
energy of activation for the hydro.\' 5 'l reaction 
would be 18,7 kilocalories, a reasonable value for 
hydrolytic reactions of this type. 

3. The half-lives at 25° for chlorobutanol in 


aqueous solutions were determined from the cal- 
culated specific reaction constants for reactions at 
various pH and at 25° The half-life of chloro- 
butanol in a buffered solution at pH 3 was calcu- 
lated to be 90 years at 25° whereas its half-life 
under similar conditions at pH 7 5 was found to be 
0 23 years Similarh', the decomposition of 
chlorobutanol in aqueous solution at 115° during 
a thirty' minute heating period at pH 5 and at pH 
6 were calculated to be 13 and 5S per cent, re- 
spectively'. 

4. It is to be noted that the loss of chlorobu- 
tanol from pharmaceuticals is due not only to 
chemical decomposition but also to the volatiliza- 
tion during preparation and during storage 
through porous containers, closures, etc. 

5. The principal degradation products of chlo- 
robutanol in aqueous solutions were found to be 
acetone, carbon monoxide, H^, Cl~, and a trace 
amount of a-hydro.xy'isobutyric acid. 

6. Due to the production of H”^ dtuing hy'- 
drolysis, the pH of the medium, if not buffered, is 
apt to be lowered. Because of this lowering of pH 
and because the rate of degradation is very slow at 
low pH, the hydrolysis would be somewhat self- 
limiting in unbuffered solutions. 

7. \Wiile formulating chlorobutanol in phar- 
maceuticals, it is desirable to keep the pH of the 
medium at or below pH 4, since the rate of deg- 
radation of chlorobutanol is small and constant 
at pH 2, 3, and 4. If the pH of the medimn is to 
be kept above pH 4, the amount of chlorobutanol 
that will be decomposed at that pH during prep- 
aration or 'torage at a particular temperature can 
be calculated from the data given in this paper and 
this calculated amount may' be added in e.xccss in- 
itially, wherever applicable, to compensate for the 
loss due to degradation. 
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Studies on Local Anesthetics XVIIl 

Some New Quaternary Salts of Basic Carbamates 

By ALES SEKERAf, LIBOR NOVACEK, JAROSLAV SALAC, and CENEK VRBAJ 


Seven ethiodides and two ethochlorides of di- 
ethj'laminoethyl esters of substituted carbamic 
acid were prepared and tested pharma- 
cologically. The activity in both surface and 
infiltration anesthesia and acute toxicity 
tests was determined. 

T V MOST local anesthetics, e.g., substituted basic 
benzoates, anilides, acetophenones, arylethers, 
etc , the hydrophilic part of the molecule is repre- 
sented b}’ nitrogen whose tertiary' form is to be 
preferred from the point of view of toxicity and 
local tolerance (substances with primary and 
secondary amine function are often less advan- 
tageous). Compounds including quaternary ni- 
trogen have been neglected lately, on account, 
very likely, of the generally accepted rule that 
quaternization destrovs anesthetic properties 
( 1 . 2 ) 

It appears from studies on local anesthetic 
effects of compounds containing a quaternary 
ammonium group that quaternization of cocaine 
(3-5), procaine (5-8), Xylocaine (7, 9), Stovaine 
(7), Pontocaine (7), and a whole series of other 
anesthetics (0, 7, 10-12) in most cases either re- 
duces or destroys completely local anesthetic 
activity On the contrary, a few quarternary 
derivatives have shown (13-15) a rather high 
activity which proved to be several times higher 
than that of the corresponding tertiary' bases 
(IG, 17). There is thus a disagreement or even 
frequently' the inconsistency’ between the results 
of the studies quoted. This might probably be 
explained by the variety of the pharmacological 
methods used, and above all, bv the tvpe of 
anesthesia used in tests, because the quaternary' 
salts are generally’ more effective in both infiltra- 
tion and conduction anesthesia than in surface 
anesthesia. The inconsistency' between the re- 
sults may' also be explained by’ a retarded onset of 
anesthesia, so characteristic of these compounds, 
which might have prevented some workers from 
noticing their effect. 

The mechanism of local anesthetic action of 
quaternary' ammonium compounds is not yet 

•Rccfjvcd October 8, IIOS, from The Department i»f 
Pharmaceutical Chemi^tO’. Ma^aryk Unuersjty, Brno, 
Czechoslovakia 

Paper X\TI of this series. Arch pherm , 291, 122(1958). 
t Present address SerMCe dc Chimie. Lab<jratoirc^ *Ie 
Pharmacolope, 21 rue de I'Kcole de Mcdecine, Paris \I' 
France. ,, 

X Department of Pharmacolos^-, Sch'Ktl of \ etermary 
Medicine. Brno, Crecho'Io\ akia 


known although some recent works (IS) point out 
tliat the decomposition of a quaternary’ substance 
into a tertiary' base is plausible and this conversion 
might aid in explaining the anesthetic action of 
the quaternaries, the tertiary' base might consti- 
tute the very' active form and its activity might 
be potentialized in the presence of the quaternary 
derivative. These phenomena might be associ- 
ated with a depolarization of the nert'ous fibers 
or by’ slowing down of enzy'matic metaholisni. 
This mechanism appears to be supported by the 
fact that in both infiltration and conduction 
anesthesia, the activity' of these substances is 
generally' greater than in surface anesthesia; the 
ty’pe of anesthetic action (retarded onset, pro- 
longed anesthesia with slow and irregular de- 
crease) speak also in favor of this mechanism. 

In order to determine the influence of quater- 
nization on local anesthetic activity' of basic 
esters of substituted carbamic acids, we prepared 
seven ethiodides (S 70-S 76) and two cthoclilo- 
ridcs (S SI, S 85) of ty'pc I. These are quater- 
nary' compounds of seven basic carbamates (ID 

Ki -f 

\ Type 1: Y = - iNKCjUi)! X" 

N.COO.CH-CH-Y 

/ Tvpe II; Y = - N(C:n5); 

Rj 

chosen as characteristic representatives of the 
various structural types of compounds described 
in our previous papers (19-23). The structure 
of the prepared compounds are shown in Table I. 
The derivatives S 70 to S 72, whose structures 
already' suggest their anesthetic inactivity’, have 
been included in the studied series because of 
other pharmacological studies to be carried out. 

The iodides S 70 to S 70 were prepared by heat- 
ing the corresponding diethy’laminoetlu'l esters 
(19-22) with the excess of ethy’l chloride (method 
.^),' the chlorides S 85 and S 86 were prepared by a 
similar process bv heating the tertiary’ basic esters 
with ethyl chloride in a scaled tube (method U) or 
from quaternary' iodide by' action of silver chloride 
(method C). 

In order to carry out an improved investigation 
of the influence of quaternization on local anes- 
thetic effect, we carried out in each case of active 
quaternary’ compound a simultaneous dctermin.i- 
tion of the activitv of the tertiary' basic ester'- (t' 



July 1959 


SciENTinc Edition 


;597 


Table I — Quaterxarv Salts 


X-COO CH^CHjXCCeHs), X- 

R; 


No 

R. 

Ri 

X- 

Yield. 

Alcthod % 

M P, 
®C 

Gated , 
% 

Found, 

% 

Calcd 

CM 

/C 

Found. 

‘7 

S 70 

H 

H 

I 

A 

79 

240® 

8 86 

8 64 

40 14 

40 36 

S 71 

C2H5 

H 

I 

A 

66 

90 

8 14 

8 07 

36 84 

37 14 

S 72 

CnH, 

C2H5 

I 


65 

101 

7 52 

7 56 

34 09 

33 75 

S 73 

CsHs 

H 

I 

A 

73 

ISP 

7 16 

7 25 

32 43 

31 39 

S74 

/ 3 -CioHr 

H 

I 

A 

75 

195 

6 33 

6 49 

28 69 

28 57 

S 75 

p-CtUiO CsHi 

H 

I 

A 

86 

97 

6 03 

5 98 

27 33 

27 25 

S7G 

CeH, 

CcHs 

I 

A 

62 

228 

5 98 

6 20 

27 09 

26 70 

S84 


H 

Cl 

B 

69 

202 

7 98 

7 89 

10 10 

10 34 

S85 


H 

Cl 

B 

53 

180 

7 51 

7 59 

9 51 

9 60 


C 75 


° Literature (28. 29) m p 205® and 245“24G®. rcsp t> Literature (28) m p 1 28® 


Table II. — Comparison of Local Anesthetic Effects and of Toxicity of Quaternary Compounds (1 ) 
With the Corresponding Tertiary Basic Esters (II) 


•Quaternary Compound (1) 
Relative Activity 



Surface 

Infiltration 

LDm. 

No 

Anesthesia” 

Anesthesia^* 

•ng /Xg 

S 73 

Inactive' 

(0.5-1)'' 

430 

S74 

Inactive' 

Inactive' 

76 

S75 

Inactive'^ 

Incomplete 

anesthesia'* 

150 

S76 

Incomplete 

anesthesia 

(l-2)» 

(300 )‘ 

8 84 

Irritation' 

(1-2)' 

no 

8 85 

0 7 

1 9 

110 


r Corresponding Tertiary Basic Ester (ID 

Relative Activity 


No 

Surface 

Anesthesia" 

Infiltration 

Anesthesia?* 

LDm 

lUK /Xg 

s n 

0 1 

1 2 

300 

s 13 

Irritation 

1 3 

610 

8 46 

1 4 

3 

430 

8 25 

1 4 

3 0 

175 


® Cocaine « I (LDu « 125 mg /Kg) Procaine » 1 (LDv> =* OJOmg/Kg) ^ Solution inactive at 2^ no cfTect on 
the tongue Irregular decrease of anesthesia vv*th concentrations -U/o to A//20 ^Experiment with saturated solution 
M/\0Q / Experiment with saturated solution ..1//30 ® Irregulat decrease of anesthesia with concentration U/100 (slight 

irritation) * Approximative determination (slight solubility 0479^) * Concentrations between 1 and ."'7 oause irritation 

a 1% solution is inactive i Onset of anesthesia is retarded 


n, S 13, S 4G, and S 25), already mentioned (19, 
22) and studied by another pharmacological 
method (23). 

EXPERIMENTAL' 

Diethylaminoethyl Esters of Substituted Car- 
bamic Acids. — These have been prepared by meth- 
ods described in our previous communications (19- 
22) and isolated as bases Esters derived from 
carbamic, ethyl carbamic, and diethylcarbamic 
acids have been purified by distillation under re- 
duced pressure. The ester of d-buloxycarbanilic 
acid has been rccrystallizcd from petroleum ether 
The other bases have been utilized as such 

Quaternary Salts . — Method A — T«o-liundredlhs 
of a mole of tertiary basic ester are refluxed for one 
and onc-b.aU hours with 15 0 Gm (0 1 mole) of 
ethyl iodide The excess of this was distilled under 
reduced pressure, the residue uas dissoK-cil in 
absolute alcohol and precipitated by anlivdrous 
ether. The crystals formed were filtered ofl and 
crystallized in anhydrous alcohol-ether. In vmie 
cases the qu.iteniary compounds precipitated as an 
oily mass which solidified on staiuiiiiK a few days 

‘ Melting t'^iintv nrc not coirectcU The have 

been made in the anal> tical lalKvratonev (ihrrclor Ur Ing Z 
Vci^efa) of the Invtitutc <if Organic J»nthe«;c^, Panlwliicc 
Uvbitvf, Ciechovlovnkin 


Method B — Onc-lmndrcdth of a mole of dietliyl- 
aminoctliyl ester of the substituted carbamic acid 
was heated for ten hours in a scaled tube at 80 to 
100° xvith 26 Gm (28 cc ; 0 4 mole) ethyl chloride 
The product of llic reaction was treated m the same 
way as in method A 

Method C — A solution of 4 6 Gm. (0 01 mole) of 
substance S 75 (base) in 150 cc water was shaken 
for fix’c hours with 2 9 Gm (0 02 mole) of frcslih 
precipitated silver chloride. After filtration tlic 
solution was evaporated under reduced pressure and 
the residue treated as described in inetliod A 

The yields, constants, and analvses arc shown m 
Table I. 


PHARMACOLOGY 

The relative activity in surface anesthesia (rabbit 
conica, df/lOO cocaine as st.andard) and infiltration 
ancstlicsia (intradermal application to guinea pigs. 
.lf/50 procaine as standard) was calculated from the 
molar concentration, experimentally found to gixc 
the same cfTcct as the standard The methoil has 
been described in detail elsewhere (2'!, 2.")) 

The toxicilx was sttidicti according to K.irbcr (20) 
by detennining the LD.^ with white mice (strain 11 ) 
in subcutaneous injection 

The results arc presented in Table 11 



Studies on Local Anesthetics XVIII 

Some New Quaternar)' Salts of Basic Carbamates 

By ALES SEKERAf, LIBOR NOVACEK, JAROSLAV SALAC, and CENEK WBAi 


Seven ethiodides and two ethochlorides of di- 
ethylaminoethyl esters of substituted carbamic 
acid were prepared and tested pharma- 
cologically. The activitj' in both surface and 
infiltration anesthesia and acute toxicity 
tests was determined. 

Tn' most local ancslhctics, c.g., substituted basic 
benzoates, anilides, acetophenones, arsdethers, 
etc., the hydrophilic part of the molecule is repre- 
sented by nitrogen whose tertiary fonn is to be 
preferred from the point of view of toxicity and 
local tolerance (substances with primart' and 
secondarv' amine function arc often less advan- 
tageous). Compounds including quaternary ni- 
trogen have been neglected lately, on account, 
very likely, of the generally accepted rule that 
quaternization destroys anesthetic properties 
(1.2). 

It appears from studies on local anesthetic 
effects of compounds containing a quaternary 
ammonium group that quaternization of cocaine 
(3-5), procaine (5-S), Xylocaine (7, 9), Stovaine 
(7), Pontocainc (7), and a whole series of other 
anesthetics (G, 7, 10-12) in most cases either re- 
duces or destroys completely local anesthetic 
activity. On the contrary, a few quarternary 
derivatives have shown (13-15) a rather high 
activitv' which proved to be several times higher 
than that of the corresponding tertiary bases 
(IG, 17). There is thus a disagreement or even 
frequently the inconsistency between the results 
of the studies quoted. This might probably be 
explained by the variety of the phannacological 
metliods used, and above all, by the type of 
anesthesia used in tests, because the quaternary 
salts are generally more effective in both infiltra- 
tion and conduction anesthesia than in surface 
anesthesia. The inconsistency between the re- 
sults may also be explained by a retarded onset of 
anesthesia, so characteristic of these compounds, 
which might have prevented some workers from 
noticing their effect. 

The mechanism of local anesthetic action of 
quaternary ammonium compounds is not yet 

’Received October 8. 1958. from The Dep.wtraent of 
Pharmaceutical Chemistry, Masarj'k University, Bmo. 
Czechoslovakia, 
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known although some recent works (IS) point out 
that the decomposition of a quaternary substance 
into a tertiary ba.se is plausible and this conversion 
might aid in explaining the anesthetic action of 
the quaternaries, the tertiary base might consti- 
tute the very- active form and its activity might 
be potentialized in the presence of the quatemarv- 
derivative. These phenomena might be associ- 
ated with a depolarization of the neiwous fibers 
or by slowing down of enzvTnatic metabolism. 
This mechanism appears to be supported by the 
fact that in both infiltration and conduction 
anesthesia, the activity of these substances is 
generally greater than in surface anesthesia; the 
type of anesthetic action (retarded onset, pro- 
longed anesthesia with slow and irregular de- 
crease) speak also in favor of this mechanism. 

In order to determine the influence of quater- 
nization on local anesthetic activity' of basic 
esters of substituted carbamic acids, we prepared 
seven ethiodides (S 70-S 76) and two ethochlo- 
rides (S S-1, S S5) of type I. These are quater- 
narv- compounds of seven basic carbamates (ID 

K, 

\ Tvpc I; V = - N(C:Hi)5X- 

.X.COO.CH-CH-V 

/ Tvpe II: Y = - X(C;Hs); 

R; 

chosen as cliaracteristic representatives of the 
various structural tv-pes of compounds described 
in our previous papers (19-22). The structure 
of the prepared compounds are shown in Table I. 
The derivatives S 70 to S 72, whose structures 
already suggest their anesthetic inactivity, have 
been included in the studied series because of 
other pharmacological studies to be carried out. 

The iodides S 70 to S 76 were prepared by heat- 
ing the corresponding diethylaminoethyl esters 
(19-22) witli tlie excess of etlyl chloride (method 
-A.) ; tlie clilorides S S5 and S S6 were prepared by a 
similar process by heating the tertiary basic esters 
with ethyl chloride in a sealed tube (method B) or 
from quateman.- iodide by action of silver chloride 
(method C). 

In order to carrv' out an improved investigation 
of the influence of quaternization on local anes- 
tlietic effect, we carried out in each case of active 
quaternari- compound a simultaneous determina- 
tion of the activitv of the tertian.' basic esters (S 
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Table I — Quaternary Salts 


N-COO CHiCHiNXC-Hs), X- 


No 

Ri 

S70 

H 

S 71 

C.Hj 

S 72 

C,H5 

S73 

CeHs 

S 74 


S75 

Ji-C,HsO CsH: 

S7C 

CsH, 

S84 

5-C,oHr 

S85 



Ri 

X- 

Alethod 

H 

1 

A 

H 

I 

A 

C:H, 

1 

A 

H 

I 

A 

H 

I 

A 

H 

1 

A 

CsHi 

I 

A 

H 

Cl 

B 

H 

Cl 

B 


C 


Yield. 

M P , 

Calcd 

% 

°C 

% 

79 

240” 

S 86 

66 

90 

8 14 

65 

101 

7 52 

73 

ISP 

7 16 

75 

195 

6 33 

86 

97 

6 03 

62 

228 

5 98 

69 

202 

7 98 

53 

75 

180 

7 51 


X 


Found, 

Calcd , 

Found, 

% 

% 

77 

S 64 

40 14 

40 36 

8 07 

36 84 

37 14 

7 56 

34 09 

33 75 

7 25 

32 43 

31 39 

6 49 

28 69 

28 57 

5 98 

27 33 

27 25 

6 20 

27 09 

26 70 

7 89 

10 10 

10 34 

7 59 

9 51 

9 60 


° Literature (38, 39) m p 205® and 245'-2IG®. resp ** Literature (2S) m p 12S® 


Table II — Comparison of Local Anesthetic Effects and of Toxicity of Quaternary Compounds (I) 
With the Corresponding Tertiary Basic Esters (II) 


•Quaternary Compound (1) 


•Relative Actuity 



Surface 

Infiltration 

LDi<i, 

No 

Anesthesia® 

Anesthesia 

rag /Kg 

S73 

Inactive' 

(0.5-1)'' 

430 

S74 

Inactive' 

Inactive' 

76 

S75 

Inactive^ 

Incomplete 

ancsthesiaf 

150 

S76 

Incomplete 

anesthesia 

(l-2)« 

(300 )'■ 

S84 

Irritation’ 

(1-2)’ 

110 

S85 

0 7 

1 9 

110 


r Corresponding Tertiary Basic Ester (IlV 

- — -Retain e Actn ity 


No 

Surface 

Anesthesia® 

Infiltration 

Anesthesia 

LD» 

mc/Xg 

S 11 

0 1 

1 2 

300 

S 13 

Irritation 

1 3 

610 

S46 

1 4 

3 

430 

S25 

1 4 

3 6 

175 


® Cocaine ** 1 (LD 49 =« 125 mg /Kg ) ^ Procame * I (LDja » G30 mg /Rg ) * Solution inactive at 2^, no effect on 
the tongue ^ Irregular decrease of anesthesia wth concentrations if/5 to A//20 ^ Expenment with saturated solution 
H/iOO f Expcnraenl with saturated solution M/SO ^ Irregular decrease of anesthesia with concentration At/100 (shght 
irritation) ^ Approximative determination ^slight solubility 0 47%) » Concentration? between 1 and 5% cause irritation, 

a 1% solution is inactive > Onset of anesthesia is retarded 


11 , S 13, S 4G, and S 25), already mentioned (19, 
22) and studied by another pharmacological 
method (23). 

EXPERIMENTAL" 

Diethylaminoethyl Esters of Substituted Car- 
bamic Acids. — These have been prepared by raetli- 
ods described in our previous communications ( 19- 
22) and isolated as bases Esters derived from 
carbamic, ct)iyl carbainic, and diethjlcarbamic 
acids have been purified by distillation under re- 
duced pressure. The ester of 4-buto\ycarb3niric 
acid has been rccrystallircd from petroleum ctlier 
The other bases have been utilized as such 

Quaternary Salts. — jlfd/iod /t — Tno-hundrcdtlis 
of a mole of tertiary basic ester are refluxed for one 
and one-half hours with 1.5 0 Gm (0 1 mole) of 
ethyl iodide The excess of this was distilled under 
rcdncct! pressure, the residue was dissolved in 
.ibsolute alcohol and precipitated by anhydrous 
ether. The crystals fonned were filtered olT and 
erystallized in anhydrous alcoliol-cthcr In some 
c.iscs the quaternary compounds precipitated as an 
oily mass which solidified on stantiing a fen days 

* McUinz pomls arc not correclml The Rnal>srs ha\c 
hcen^mwlc in the analjiicallabornioncs (director l5r Int: Z 
VeXena) of the Instilwic of Organic Nriilhe.es. Pardubice 
Urtlltrf Crccho.tor atn 


Method B — One-hundredth of a mole of diethyl- 
arainocthyl ester of the substituted carbamic acid 
was heated for ten hours in a sealed tube at 80 to 
100° with 26 Gm (28 cc ; 0,4 mole) ethyl chloride. 
The product of the reaction was treated in the same 
way as in method A, 

Method C — A solution of 4.0 Gm. (0 01 mole) of 
substance S 75 (base) in 150 cc. water was shaken 
for five hours with 2 9 Gm. (0.02 mole) of freshly 
precipitated silver chloride. After filtration the 
solution was evaporated under reduced pressure and 
the residue treated as described in method A. 

The yields, constants, and analyses are shown in 
Table I. 


PHARMACOLOGY 

The relative activity in surface anesthesia (rabbit 
cornea, M/lOO cocaine as standard) and infiltration 
anesthesia (intradermal application to guinea pigs. 
-If /SO procaine as standard) was calculated from the 
molar concentration, C3.perimentallv found to give 
the same ^ect as the standard, the method has 
been described in detail elsewhere (24, 25). 

The toxicity was studied according to Karber (26) 
by determining the LDu, with white mice (strain H) 
m subcutaneous injection. 

The results arc presented in Table 11. 



398 


JouuNAi, or nil Ami rican PiiAKMACLuricAi, Association \'o1 XLVIII, \o T 


DISCUSSION AND SUMMARY 

By action of alkyl halides on dicthvlatninoellij 1 
esters of substituted carbaniic acids, nine corre 
spending quaternary salts lia\ e been preiiared 
In this series the effect of quatcrni/ation on the 
activity in surface and inliltration anesthesia 
have been studied 

The following correlation between niolcctilar 
structure and phannacodynainic action can be 
made 

1 The nonsubstituted dcrii ative S 70 and the 
aliphatic derivatives S 71 and S 72 are inactive as 
well as the corresponding tertiari basic esters S 10 
(20), S 2 (21), and S 22 (20) 

2 Aromatic derivatives (Table II) have been 
found active, although they showed very slight 
effects both in surface and infiltration anesthesia 
This fact is very probably increased or perhaps 
even caused bv their low water sohibihtv, the 
anesthetic activity of the chlorides S S.f and S SC, 
which are more soluble, is also higher 

3 It appears from the comparison between 
the tertiary and ciuatcriiary esters that in this 
series quaternization lessens the aclivitv in both 
surface and infiltration anesthesia 

As far as the other pharmacodvnamic clTccts 
are concerned, it has been found that these sub 
stances also have cholinergic (S 70-S 72), spas 
molytic (S 75, S 76, S So, and S SCJ, and high 
curare like activity (the effect of compounds S 73 
to S 7C, S 84, and S 85 arc of the same order as the 
Flaxedil activity) The detailed results of these 
experiments will be published at a later date (27) 
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Studies on Local Anesthetics XIX ^ 


Substituted Phenylcarbamates of Piperidinopropanediol 

By RUDOLF DOFEK, ALES SEKERA f, and CENEK VRBA| 


The synthesis of twelve alkoxy- and two alkyl- 
substituted phenylcarbamates of piperidino- 
propanediol is reported. All the compounds 
are effective in both surface and infiltration 
anesthesia and are relatively nontoxic. 


LOCAL ANESTHETIC effccls of a number of 
arylcarbamates derived from basic propane- 
diols has been studied in particular by Rider and 
his co-workers (1-4) Of this series, Diothane, 


♦Received October 8, 1958 from Ihe Department of 
Pharmaceutical Chemistry, Masaryk University, Brno 
Czechoslovakia 

Paper XVIII of this senes Tins Journal 48, 396(1959) 
t Present address Service de Chimie, Laboratoire de 
Pharmacologic, 21 rue de I'EcoIe de Mcdectne, Pans VI** 

X Department of Pharmacology, School of Veterinary Med 
icine, Brno, Czechoslov’akia 


3-(l-piperidvl)-1.2-propanediol dicarbanilate hv- 
drochlonde has found practical application; the 
compound is also recorded in “New and Non- 
oflicial Remedies ” In the derivatives hitherto 
recorded, modifications have been carried out 
mainly in the basic component of the molecule, 
and the substitution of the aromatic nucleus of 
the carbanilate moiety has received relatively 
little attention 

Working w ith series of diethylaminoethyl esters 
derived from substituted carbanilic (5-8) and di- 
phenylcarbamic acids (9), we have found that 
metliylation and particularly alkoxylation exerts 
a favorable effect on the pliannacodynamic ac- 



July 1959 


SciEKTiFic Edition- 


399 


Table I — Substituted Piperidinopropanediol Monophenylcarbamate Hydrochlorides 






Solubilitj’, 







■C! 

No 

R 

M p , °c 

H-O. % 

Yield % 

baled . % ‘ 

Found, ‘V 

Calcd ej 

Found, 

S 100 

H 

iro" 

50 

91 

8 90 

8 99 

11 26 

11 11 

( Monotbane) picrate 

172 



13 80 

13 70 



s in 

2 -CH 3 O 

107-169 

50 

89 

8 IS 

8 29 

10 35 

10 38 

picrate 


164-165 



13 08 

13 06 



S 112 

2 -C 2 H 5 O 

144-145 

(35-45) 

90 

7 SO 

7 77 

9 88 

9 82 

picrate 


138 



12 70 

12 72 



S 102 

2-C,HsO 

102 

34 

78 

7 24 

7 14 

9 16 

9 15 

picrate 


92-94 



12 08 

12 08 



S 103 

S-CrHsO 

137 

(35-45) 

93 

7 24 

7 14 

9 16 

9 04 

picrate 


126 



12 08 

12 09 



S lOI*^ 

I-C^HsO 

175 

35 

88 

7 24 

7 20 

9 16 

9 07 

picrate 


lOS 



12 08 

11 88 




" Literattire (1) m p 170-177° The crystalline base melts at 100 5° (ethanol) Atial — Calcd for CirHnOiNs C, O-’i 1 1 
H, 8 OS, N, 7 OU Found. C, 05 00, H, S 02, X, 7 95 


tivity of cornpounds of this t>-pc. In an effort to 
extend these findings to esters of piperidinopro- 
panediol ive have now prepared a series of mono 
and dicsters derived from this diol and alkyl- and 
alkoxy-substituted phcnylcarbamic acids (Types 
I and II), 




Type II 


For the [jreparalion of these compounds, the 
usual reaelioii of piperidinopropanediol with aro- 
matic isocyanates was used. The use of solvent 
anhydrous ether as described by Rider did not 
prove suitable in our case because of the low 
reactivity of the subsiitiUed phenyl isocyanates; 
however, tjootl yields of the products were ob- 
tained by relluxiu" the coiiiponcnls in anhvdrous 
benrcuc. Attempts to prepare diesters of types 
HI to VI, derived from o-methyl or o-alkoxy -sub- 



Type 

R> 

R: 

R, 

R, 

HI 

CH, 

CH, 

CH, 

CH, 

IV 

OR 

H 

H 

H 

V 

H 

H 

OR 

H 

\T 

OR 

H 

OR 

H 


stituted isocyanates, were unsuccessful, presum- 
abh- because of steric hindrance effects; only 
monosubstituted derivatives of the type I were 
isolated in each case, 

EXPERIMENTAL* 

3-(l-Piperidyl)-propanedioI-l,2— -This was pre- 
pared from 3-clil<)ropropancdiol-l,2 (10) and piperi- 
dine (11) and also from 2,3-epo.\ypropanol as an 
intermediate fl2) Both mctliods under suitable 
conditions gave o0-60^c yields but the second 
proved more reproducible, providing the temper- 
ature during the isolation of the cpo.xj-propanol was 
kept as low as possible (b. p. ca. 30-00°). 

Aromatic Isocyanates.— These were obtained by 
the method previously described (5-7), involving the 
reaction of the appropriate aromatic amines with 
excess of phosgene in boiling toluene. The yields 
and physical constants were as previously given 
(. 5 - 8 ) 

Piperidinopropanediol Monop henylcarbamate 
Hydrochlorides (I). — To a boiling solution of 1.5.9 

^ * .tll meftins (sunt? .^rc corrected .^nd were obtained f>n the 
Kofler blocL -Mjcroanaijscs ucre earned out by .Mrs. 
KIctnova ParolL'>\u 
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TaBLP II — SUDSTITUTDD PiPERIDIVOPROI’ANEDIOL BlS-PlIEN\ ECARBAVATE HYDROCHLORIDES 



No 

Ki 

n- 

Ri 

S 101 

H 

H 

II 

(Diothant) 

picratc 

S 117*' 

2 CHi 

(. CHj 

II 

pjcrntc 

s ns 

J CHi 

( Clfj 

fi Cffa 

picr'ite 

S 105 

i OH.O 

II 

H 

pternte 
b lU 

II 

II 

H 

picrutt 
tD no 

II 

n 

U 

picratt 

S 101. 

II 

II 

II 

picrnte 

S 107 

H 

H 

II 

picrnte 

S Iflt) 

i c.iibO 

H 

II 

picratc 

S 110 

I CilUO 

II 

II 


picrxle 


lU 

Method 

\I p 

belli 

btlit> 

11*0 

*/( 

H 

H 

A 

n 

Ill8‘ 

118 120 
200 

I 

0 8 

If 

n 

202 dec ^ 
20 ( 

0 0 

II 

n 

201/ 

101 102 

0 17 

1 ClhC) 

c 

81 82 

too no 

i P 

( CiHiO 

c 

IPS' 

125 127 

1 

1 c.ii,o 

c 

181** 
ni-1 IP 

17 1 

0 1 

1 CJIjO 

c 

Ilf 

180 

0 25 

I C)II,0 

A 

120 

153 

0 IP 

1 CilUO 

A 

12(. 

171 

0 10 


•X . Cl 


’itid 

Calcd 

Found 

Calcd 

Found 


9? 

% 

7c 

% 

‘>2 

9 PS 
11 11 

<> 5(. 

13 31 

8 17 

8 20 

05 

9 00 

12 8) 

9 08 
13 10 

7 07 

7 05 

88 

8 82 

12 58 

8 95 
12 00 

7 45 

7 40 

05 

8 30 

12 01 

8 13 

11 94 

7 00 

G 9G 

90 

0 05 

12 80 

8 07 

12 72 

7 04 

7 5G 

95 

8 79 

12 51 

8 79 

12 30 

7 41 

7 38 

01 

8 10 

12 01 

8 30 

1! 89 

7 00 

7 09 

S7 

8 20 

12 03 

8 31 

12 03 

7 00 

7 19 

88 

7 20 

10 90 

7 38 

10 81 

G 13 

0 2S 

81 

7 2G 

10 00 

7 n 

10 71 

G 13 

G 2i> 


“ 1 iteratiire (J ) m p 
1)7 GO H 7 10 N 0 88 
melts ’ll 1*13® (ethanol) 


107-llJS® 6 

found C 
/!//«/ — Calcd 


IJic co^tallinc base mells it Il'-IiS" (ether) Ana ! — Cilcd for C-iHiiOiNi C 

i)< (M H 7 H N 0 ()7 from d:oxnnc From acetone ^ The erj stalhne base- 

for CmHuO.Ni C (.(■ 51 H S 09 N 7 75 round C 07 21, H 8 19 N, 7 09 


Gm (0 1 mole) of piperidiiiopropaiicdiol in anli\ 
drous benzene, 0 1 mole of the appropriate isoci anatc 
was added as a 20% solution in anln drous benzene 
The mitture «as reflu\ed for tliirtY niuintcs, the 
benzene distilled off, the basic ester taken up in 500 
cc of anhj'drous ether and precipitated as the hj dro- 
chloride by addition of one equivalent of ethereal 
hydrogen chloride The crystalline hydrochlorides 
were washed with dry ether to neutral reaction 
(three to four portions of 100 cc each) The hvdro 
chlorides precipitated as oils Mere obtained crystal 
line by being kept vacuo over P-Oi and KOH for 
several days, they were then ground and uaslied 
with anhy drous ether The products u ere recr\ stal- 
lized from ethanol-ether after treatment Mith acti 
vated carbon 

The picrates were crystallized from 96% ethanol 

The melting points, yields, and anahses of the 
products are given in Table I 

Pipendinopropanediol Bisphenylcarbamate Hy- 
drochlorides (II ). — Method A — Derivatives substi 
tuted in both benzene rings Mere prepared with 0 2 
moles of the appropriate arvl isocyanate by the 
procedure used in the preparation of the mono 
ph enydearbamates 

Method B —Derivatives carry ing a substituent in 
the phenylcarbamate residue attached to the pn 
mary alcoholic group of the pipendinopropanediol 


Mere prepared by treating 15 9 Gm (0 1 mole) of 
pipcriclmopropanediol in 250 cc of boiling anhi 
drous benzene Mitli a 20% solution of 0 1 mole of 
the appropriate substituted pheni hsoevanate m the 
same sohent, refluxing for thirty minutes, addmg 
11 9 Gm (01 mole) of phenvlisoci anate as a 20% 
solution in anhydrous benzene, refluxing for thirty' 
minutes more, and Morking up as before 

Method C — Deri\ ati\ es cam mg a substituent in 
the pheny Icarbamate residue attached to the second- 
ary hydroxyl group of the pipendinopropanediol 
Mere prepared as in Method B, except that the order 
of addition of the isocy anates ivas reversed 

The picrates Mere crystallized from 96% ethanol 
unless otherMise stated 

The methods of preparation, melting points, y lelds, 
and analy ses of the products are gi\ en m Table II 
The solubilities of the hy'drochlorides Mere deter 
mined by the mercunnietnc titration of chloride ion 
in solutions saturated at room temperature The 
results are given in Tables I and II 

PHARMACOLOGY^ 

The relativ'e activ ity' of the compounds in surface 
anesthesia (rabbit cornea, J1//100 cocaine as stand- 

* We are obliged to Miss S Eormaftova for technical 
assistance with the pharmacological tests 
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Table III — Pharmacological Properties 


Local Tolerance® 

/ Anesthetic Activit5'- * Probable Chnica! Concn ^ — Irritation Threshold — • 



Surface 

Infiltration 


Conjunctiva % 

Subcutaneous 

Conjunc 

Sub 

No 

Anesthesia 

Anesthesia 

LDio mg /Kg 

(ancsth f>) 

T 

ti\ a, 

cutaneous 

S 100 

0 46 

3 0 

790 

4 0(60) 

2+ 

4 

1 5 

S 101 

2 9 

4 8 

890 

1 O (70) 

1 + 

1 

0 5 

S 102 

8 8 

16 5 

127 

0 20(60) 

0 14: 

0 2 

0 2 

S 103 

18 

14 

105 

0 2 -(120) 

0 i: 

0 4 

0 1 

S 104 

S 

6 

430 

0 2 - (60) 

0 6 + 

0 4 

0 5 

S 105 

9 4 

5-6 

Spar ' 








solub 





S 106 

7 7 

7 7 

Spar '' 








solub 





S 111 

0 52 

1 4 

920 





S 112 

1 2 

2 7 

690 

4 - (45) 

2 ++( + ) 

6 

1 

S 114 

2 2 

7 2 

1,340 

10(60) 

14 + 

1 

0 2 

S 116 

6 9 

16 5 

Spar' 


0 28 0 


0 28 




solub 





S 117 

17 

5 5 

430 

0 05 : (35) 

0 4 + 

0 05 

0 2 

S 118 

13 

13 5 

Spar ^ 

0 5 0(60) 

0 5 

0 5 + 

60 




solub 





Cocaine 

1 

3 6 

125 

5 - (40) 

0 1-1 

10 

1-2 

Procaine 

0 15 

1 

630 

10 - (30) 

1 - 4 

15 

4 


— Mo irritation, 4* tnoderaie irnlaiion. -h-f e\ident irritation +•4*4* strong irritation f» Duration of complete aces 
thesja (minutes) « LDa g 120 (saturated solution) LD« g 220 (saturated solution) ' LD^ ^ GOO (saturated solu 
tion) f LDo ^ 400 (saturated solution) 


ard) and infiltration anesthesia (intradernia! appli- 
cation to guinea pigs, jl//o0 procaine as standard) 
was calculated from the molar concentration experi- 
mentally found to give the same effect as the stand- 
ard The inetliod lias been described m detail bv 
Vrba and Sekera (13) and Roth (14) 

The toxicity nas studied according to Karber (15) 
by determining the LDm in nliite mice (strain H) by 
subcutaneous application Tlie low solubility of 
some of the compounds did not permit the deter- 
mination 

Local tolerance was studied in rabbits by applica- 
tion into the conjunctival sac and by subcutaneous 
msection at the root of the car, and determining the 
thresiiold concentration causing local irritation 
The tolerance of clinically iirobablc doses was also 
studied The results are given in Table III 

DISCUSSION AND SUMMARY 

Sixteen derivatives of the Diotliane series were 
prepared and tested for local anesthetic activi- 
ties. toxicity, and irritation 

The following correlation between molecular 
slructure and aiiesllietic activity can be made; 

I Ethoxylalion and butoxylation of the ben- 
zene nucleus of carbanilic acid increases the 
activity of the esters of pipcndinopropanc- 
diol The same fact has already been observed 
previouslv in the case of simple basic esters 
(5-7, 9) 

In the scries of Diolhane derivatives, less 
soluble in water than the derivatives of Mono- 
Ihanc, the lipophilizaion of the molecule bv mono- 
butoxylation seems to be the limit ; this appears 
for example from the results of tests of the slightly 
soluble substances S 107. S 109, and S 1 10, whose 
aipieous saturated solutions proved to be inactive 

'1 Methoxvlation is the least advantageous 


In most cases the activity increases in propor- 
tion with the number of carbons of alkoxyl 
When the substitution of the benzene nucleus is 
considered, the orllio and mela positions are more 
advantageous than tlie para These results 
agree as well with those obtained in our previous 
studies relating to simple basic carbamates (5-7) 
3 Methylation of the benzene nucleus in the 
Diothane molecule highly increases the activitv 
of surface and infiltration anesthesia. 

In accordance with the pharmacological experi- 
ments which have been undertaken, several of the 
derivatives studied have proved to be more 
advantageous than the pattern substance, Dio- 
lhane, especially from the point of view of surface 
anesthesia. Some of the more promising com- 
pounds are being tested clinically. 
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Studies on Local Anesthetics XXI* 

Some Derivatives of w-Diethylaminoacetanilide 

By ALOIS BOROVANSKY, ALES SEKERA.t and CENEK VRBAJ 


The preparation, surface, and infiltration ac- 
tivities and the toxicity of diethylaminoace- 
tanilide and seven of its derivatives are 
described. 

Tn our nARLii;R i>ui)i,ic.\iio.n'.s vvc studied 
chief])' llic basic esters of substituted car- 
baiiiic acids By aiipropriatc structural iiiodi- 
ficalions we succeeded in jireparing several very 
active, often slightly toxic compounds (1, 2). 
Several of these, in spite of their very favorable 
therapeutic index, proved tlicmsclvcs unsuitable 
for clinical trials because of their poor local toler- 
ance (irritation) 

From the supiiosition that this undesirable 
property results chieflv from the fonnation of 
aromatic amine bv the metaboli.sm of the active 
carbanilate, we began studies of tlie substances, 
structures of which allowed us to suppose that the 
fonnation of aromatic amine would be decreased 
and, eventually, coinpletelv excluded In the 
choice of new structural types, in order to be able 
even in these new series to a(iply our knowledge of 
relations between the structures, the physico- 
chemical properties, and the anesthetic activity 
of the basic carbanilatos, we have knowingly 
directed our attention to the compounds having 
structures similar to the substances jireviously 
studied. Our first work in that area was the 
preparation of basic alkoxy-propiophenones of 
the Falicaine series (3, 4) and of basic carbanilatos 
(5, 0) of which the stabilit)’ was augmented 
by (group — NH-COO — ) the methylation of 
the benzene nucleus. 

Continuing these studies, we decided to direct 
our attention to a closely related series — the basic 
anilides, on the supposition that the group 
Ar-NH-CO'R would be more slowly metabolized 
in the alkaline medium of human tissue than the 
Ar-NH-COO'R group. For the fundamental 
orientation in this new series, we prepared eight 
derivatives of type II; the description of the 
preparation and the results of the pharmacologi- 
cal experiments make the subject of this com- 


*Recei\e(l October 8. lOoS, from The Department of 
Pharmaceutical Chenu<»tr> , Masaryk Uni\er'.ity» Brno, 
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” Dimroth (I.'I) m p 1X1-135° 1* Literature (It) m P 

111-112° ° Lilcr.iturc (15) m p 14.5-140° <1 Literature 

(15) ni p 178-1711° ° Literature (10) m p 1IS° /Ancl^ 

Calcd (nrCi-lricNO-CI (241 7) ,V, 5 SO Found N. 3 94 

‘'Aim/— Calcd for C :Hi,NrO:CI (241 7) AT, 5 SO Found' 
N. 5 82 1* Literature (9) m p 132 5° 


muiiication Some substances have already been 
described in the literature (7-9) but nevertheless 
wc have included them in our series in order to be 
able to study all together, utilizing the same 
phannacological technique. 

The structure of the substances studied can be 
seen in Table II. For their preparation we have 
utilized the method (S) starting from the corre- 
sponding aromatic amines which, passing through 
the chloroacetanilides (I), have supplied, in the 
reaction with diethylamine, the final basic 
anilides. 


EXPERIMENTAL* 

Mesidine. — This was prepared (5) by tlie catalytic 
hydrogenation of nitromesitylene over Raney nickel 
(initial pressure 30 Atm ) 

Butoxyanilines. — ^A similar mode of reduction was 

1 An melting points were determined on a Kofler 
arc corrected Microanalyses uere earned out by - 
Kleino\a Parolko\a 
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Table II —Substituted Diethvlamino acetanilides 
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\ Anal — Calcd for CisHjiONsCl (318 9) C, 67 SO. H, 7 27 Found C, 07 70, H, 7 31 f Literature (9) b p ISO® 0 5 mm 
i Literature (0) m p 153®. 


used in the preparation of tliese substances from the 
aromatic nitro-derivatives uliicli were syntlictizcd 
using tiie metliod described in one of our previous 
communications (1). 

Chloroacetanilides (I). — In a solution of 0.3 mole 
of aromatic amine in ISO cc anlndrous acetone 00 
Gtn (excess ca. SO^io) of the acid chloride of inono- 
chloroacctic acid was introduced in small portions 
The reaction completed, tlie mixture was, after one 
hour of settling, poured into 300 cc of liydrochloric 
acid (S%). The crystals of the chloroacctanilide 
were separated after tweiUy-four hours and washed 
free of acid. 

The X-chloroacetyldiphenylamine was prepared 
from the diphcnylamine and the chloride of the 
monocliloroacctic acid in boiling toluene (8). 

The samples for analysis were rccrystallizcd from 
diluted alcohol Tiie yields and constants of the 
prepared products are reported in Table I. 

Diethylaniinoacetanilides (II; S 200-S 222). — 
0 2 Mole of chloroacetanilides v as refluxed for six 
hours with 37 Gm (0 5 mole) of dietliylaminc in U'O 
cc of anhydrous heuzeue The hydrochloride of 
dietliylaminc formed in the reaction was filtered off 
and the benzene solution washed twice with two 
.50-cc. portions of water. The solvent was removed 
by distillation. The residue was dissolved in 100 
cc of hydrochloric acid (10%), and the solution ex- 
tracted twice by 70 cc. of ether. The acid solution 
was made alkaline by treatment w ith ammonia solu- 
tion ill order to liberate the ba'c. This was ex- 
tracted by ether (four times, 50 cc.) and the ctlicrcal 
solution, dried on sodiuiii carhonatc, was fraction- 
ated. 

The substance S 210 was prepared in anhydrous 
ether by heating for four hours (S) 

The hydrochlorides were prepared in anlndrous 
ether. In the case of siihstaiico S 202 the isolation 
of a better defined crystalline base jirovcd advanta- 
geous. 

The yields, constants, and analyses of the pre- 
pared substances are collected in Table II. 


PHARMACOLOGY' 

The relative activity of the compounds in surface 
anesthesia (rabbit cornea, .1//100 cocaine as stand- 
ard) and infiltration anesthesia (intradcrmal applica- 
tion to guinea pigs, M/50 procaine as standard) was 
calculated from the molar concentration, experi- 
mentally found to give the same effect as the 
standard. The method has been described in detail 
by Vrba and Sekera (10) and Roth (11). 

The toxicity was studied according to the metliod 
of Karbcr (12) by determining the LDa in white 
mice (strain H) by subcutaneous injection. The 
units arc presented in Table III 

DISCUSSION AND SUALMARY 

Tile preparation and tlie results of the tests of 
surface and infiltration anesthesia and the toxic- 

TaBLI; III — PhaRMACOLOCV of SunSTlTUTCD 
DinTtlYLAMINOACnTANTLinns 
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® After applicatjoa of .U/3 tohition _ ^After application of 
Af 3 ••tiUition corni)Ie!c of I •> = 2 minute** 


s \Vc arc obliged to Miss M Pcrnil.o\/i ant! I RuLckoia 
for technical assistance with the phartmcological tests 
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ity of eight basic anilides of tlie Xylocaine series 
have been described Tlie compounds liave been 
shown to be effective in Ijoth surface and infiltra- 
tion anesthesia; some of these have been found 
to be more active than the standards, namely, 
cocaine and procaine 

The following correlation between molecular 
structure and phannacodynamic action (Table 
III) can be made’ 

1 The methylation of the benzene nucleus of 
diethylaminoacetanilide in the ortho position 
increases the surface and infiltration anesthetic 
activities This augmentation of anesthetic 
effect can perhaps be explained, in addition to the 
influence of the physicochemical properties, by 
the increased stabilitj’ of the anilidic group (Ar - 
NH CO R), which we have already mentioned 
in a previous communication (0) 

2 As a result of the comparison of the effec- 
tuated tests of the activity and toxicity, it would 
seem that Mesokain (S 203) is more advantageous 
than Xylocaine (S 202) 

3. Interesting also is the derivative S 210 
which is seven times more active than procaine in 
surface anesthesia and is only twice more toxic 
Surprising is its slight activity in surface anes- 
thesia 

4. Butoxylation of the benzene nucleus of 


diethylaminoacetanilide increased surface and 
infiltration anesthetic activity in the series ortho < 
para < meta Parallel to this can be noticed an 
increase in the toxicity. The most advantageous 
therapeutic index is that of substance S 222 
which is three times more active than cocaine in 
surface anesthesia, five and one-half times more 
active than procaine in infiltration anesthesia, 
and only slightly more toxic than procaine 
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A Comparison of the Hypotensive Effects of the 
Monophosphoric Acid Ester of Thiamine and 
Thiamine Hydrochloride "" 

By NATHAN WATZMANf, JOHN J. DeFEOi, and JOSEPH P. BUCKLEY 


The hypotensive effects of the monophos- 
phoric acid ester of thiamine (RO 1-4788) 
and thiamine hydrochloride ivere investi- 
gated in anesthetized rats and dogs. The 
depressor effect of thiamine hydrochloride 
was 40.8% greater than that of RO 1-4788 
in the rat and 42.8% greater than RO 1-4788 
in the dog. 

N RECENT YEARS tluamiiie hydrochloride has 
created a new problem for the practicing physi- 
cian. Clinicians (1-3) have reported that pa- 
renterally administered thiamine hydrochloride 
has produced peripheral circulatory collapse and a 
shock sjmdrome similar to that produced b)'^ vaso- 
depressors and allergenic agents Reingold and 

* Received December 11, 1958 from the University of 
Pittsburgh, School of Pharmacy, Pittsburgh, Pa 
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Webb (4) reported a death following an intra- 
venous administration of 100 mg. of thiamine hy- 
drochloride Laboratory investigators have cor- 
roborated these findings in many species of ani- 
mals (5-0) Mazzella (7) reported that 50 
mg /Kg , i V , of thiamine hydrochloride pro- 
duced arterial hypotension and bradycardia m 
the s^TUpathectomized dog. These effects were 
still evident even after ganglionic blockade with 
tetraethylammonium chloride or adrenergic 
blockade with dibenamine indicating the possi- 
bility of a direct vascular depressant action 
Smith, et al (5), demonstrated, through perfusion 
< f the mesenteric and femoral arteries of the dog 
and the isolated ear vein of the rabbit, that the 
vasodilatory property of thiamine hydrochloride 
was not necessarily a direct peripheral action but 
possibly' central, involving depression of the vaso- 
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constrictor centers. Wolfson and Ellis (8) re- 
ported that the vasodepressor effect of thiamine 
did not appear to be due to a direct action on 
blood vessels 

French investigators (9) reported that the 
pyrimidine portion of the molecule was responsi- 
ble for the visible toxic symptoms In a later 
paper (10) they suggested the possibility that ex- 
cess thiamine produced too great a decarboxyla- 
tion of pyruvic acid and that this disturbance in 
me abolism might be responsible for the resulting 
“thiamine shock " They reported a definite pro- 
tection against the hypotensir^e activity of thia- 
mine hydrochloride with 3 Gm /Kg sodium pjTu- 
vate, i V,, in the rabbit 

Since the monophosphoric acid ester of thi- 
amine had been found to be as active as thi- 
amine hydrochloride in vitamin Bi-deficient ani- 
mals (11) it seemed desirable to compare the 
hypotensive and vascular effects of the two com- 
pounds (Fig 1) 

THIAMiNE HYDROCWLORIDE 
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Fig. 1 — Structural formulas of the compounds 
studied. 


METHODS 

Hypotensive Activity in Rats. — Wistar rats, 
weighing between 150 and 200 Gm , were ancsthc- 
tired with 1 2 Gm /Kg of urcthan intraperitoucally 
and direct carotid blood pressure recordings were 
obtained as previously desenbed (12) Varying 
doses of thianiinc hydrochloride (5-50 mg /Kg ) 
were administered intravenously to a total of 2C 
rats to obtain the minimal dose producing a marked 
hj potensive response The selected dose of thiamine 
hydrochloride (20 rag /Kg ) was administered intra- 
\enous!y to 30 rats (13 males, 17 females) and the 
equimolar dose (23 G mg /Kg ) of the inonophos- 
phoric acid ester of thiamine, henceforth designated 
as RO 1-4788, to another series of 30 rats (13 males, 
17 females) 

Hypotensive Activity in Dogs. — Mongrel dogs 
were anesthetized with pentobarbital sodium, 35 
mg /Kg , administered intravenoush The left 
carotid blood pressure was recorded witli a mcrcurj 
manometer or a Sanborn Electromanometer. The 
cviieriment w as designed so that each animal served 
■IS Us own control The test consisted of administer- 
ing thi.amine In drocliloride (10.0 mg /Kg ) and 


RO 1-4788 (11.8 mg /Kg) alternately at three- 
hour intervals in a series of three doses to 20 dogs 
The sequence of dosage was reversed in 50 % of the 
experiments Two per cent solutions of thiamine 
hydrochloride and RO 1-4788, having a pH of 3 3 
and 3 1, respectively, were used In some of the 
experiments both derivatives were buffered to a pH 
of 7 with disodium phosphate 

The effects of pretreatment with sodium pyruvate 
were investigated in three other dogs A dose of 
5, 10, or 20 mg /Kg. of thiamine hydrochloride was 
administered via the femoral vein Sodium pyru- 
vate, 1 Gm./Kg., was administered one hour after 
the test dose of thiamine, and two minutes later the 
test dose of thiamine hydrochloride was repeated 

Peripheral Vascular Effects. — The effects of the 
intravenous administration of equimolar doses of the 
two compounds on the mesenteric vascular bed ivere 
studied in the rat meso-appendix preparation (13) 
The diameter of one of the magnified arterioles in 
the field was measured in mm units prior to and 
immediately after drug administration A total of 
16 rats was utilized for this study. 

RESULTS 

Hypotensive Activity in Rats. — The effects of 
equimolar doses of thiamine hydrochloride and RO 
1.4788 on the blood pressure of the rat are sum- 
marized in Table I The hypotensivm activity of 
thiamine hydrochloride was 40 8% greater than 
that produced by the monophosphoric acid ester 
The difference between the responses was statis- 
tically significant at the 0 001 level when the data 
were subjected to the “Student” t test There tvas 
an apparent se.x variation in response in that the 
difference betn een the mean responses in the males 
was highly significant (P < 0 001) whereas the 
difference in responses in the female rat was rela- 
tively insignificant (P < 01) The mean duration 
of action of thiamine hydrochloride and RO 1-4788 
was one hundred and sixty-five and one hundred 
and seventy-seven seconds, respectively. 

Table I.— The Effects of Thiamine Hydro- 
chloride AND RO 1-4788 ON THE BLOOD PRESSURE 

OF THE Rat 


Drop m Blood Pressure, 
Mean % 


Sex 

No 

Thiamine HCl 

RO 1-4788 

t Test 

po 

Mixed 

GO 

31 1 ± 1 3 

22 3 ± I G 

4 3 

<0 001 

^t 

2C 

32 8 ± 2 03 

19 4 St 2 48 

4 2 

<0 001 

r 

34 

29 8 dr I 8 

24 5 ± 2 1 

I 9G 

<0 1 


4. 





between groups as determined 

Hj^otensiye Activity in Dogs.— Thiamine hj-dro- 
cliloride elicited a hypotensive response in dogs 
which was 42 8% greater than that produced by 
RO 14788 (Figs 2 and 3, Table II) A variation 
in sex response was also noted in dogs since tbe ratio 
of the mean responses of RO 1-4788 to thiamine 
hydrochloride was 0 54 in males and 0 78 in females 
The buffered solutions of both compounds elicited 
the characteristic hypotensive effects obsen'cd with 
the unbuffered solutions 

Pretreatment of the dogs with 1 Gm /Kg of so- 
dium pyruvate partially blocked the hypotensive 
activity of thiamine In drocbluride The hypo- 
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Fie 2 — The effects of thiamine In drocliloridc and 
RO 1 -4788 on the blood pressure of a normolciisn e 
dog, male, 5 8 ICg A and C effect of 10 0 mg /Rg 
of thiamine hydrochloride, H effect of 11 S 
mg /Kg of RO 1-47,SS 



ABC 


Fig 3 — The efTects of thiamine hydrochloride and 
RO 1-4788 on the blood pressure of a normotensive 
dog, male, 9 07 Kg A and C— effect of 1 1 8 mg /Kg 
of RO 1-4788, B — effect of 10 0 mg /Kg of thiamine 
hydrochloride. 


tensive activity of 5 mg /Kg was reduced 25 7%, 
10 mg /Kg. reduced 63 0%, and 20 mg /Kg reduced 
22 7% 

Peripheral Vascular Effects. — Equimolar doses 
of the two thiamine derivatives (10 0 rag /Kg of 
thiamine hydrochloride and 118 mg /Kg of RO 
1-4788) increased the size of the mesenteric vascular 
bed slightly in 8 of 16 preparations, however there 
was no apparent difference in the effects elicited b\ 
the two compounds 

DISCUSSION 

There was a very close similarity in the hypo- 
tensive activity of the compounds in rats and dogs 
The hypotensive activity of thiamine hydrochloride 
was 40 8% greater than RO 1-4788 in the rat and 
42.8% greater than RO 1-4788 in the dog when equi- 
molar doses were tested The variation in sex 
response was also similar in rats and dogs in that 
the difference in mean responses in the male was 


Tahle If — The Comparative Efeects of 
Thiamine Hydrochloride and RO 1-4788 on 
the Blood Pressure of .Normotensive Dogs 


Drop, 
lean % 
hiamtne 
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1 1788 
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1 1 2 
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13 4 

12.0 
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10 1 

17 9 
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8 5 

4 1 

0 48 




13 7 

10 5 

0 76 






XO 78 


'■ RO I 1788 tlii.iminc HCI 


miicli greater than the difference observed in fe- 
males The difference in the mean responses in the 
mate rat was statistically highly significant whereas 
tlie difference in means of the female was not 
significant at the 0 05 level (P < 0 1, >0 05) 

SUMMARY 

1 Tlic hypotensive aetiviU’ of thiamine hy- 
drochloride was 40 8 per cent greater than that of 
the nionophosphoric acid ester of thiamine (RO 
1-4788) in the Wistar rat 

2 The hypotensive activity of thiamine hy- 
drochloride was 42.8 per cent greater than the hy- 
potensive response produced by RO 1-4788 in 
normotensive dogs. 
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Separation of Decomposed Products of 
Phenobarbital Sodium by Paper 
Chromatographic Technique* 

By A. J. KAPADIA, J. E. GOYAN, and J. AUTIAN 

The decomposed produas of phenobarbital sodium have been reported as con- 
sisting of phenylethylacetyl urea, phenylethyl acetic acid, and urea. Several solvent 
systems have been suggested for use in separating the various barbiturates from 
mixtures by paper chromatographic procedures. A paper chromatographic method 
has been developed to separate and identify the various decomposed products of 
phenobarbital sodium in aqueous solutions. 


T he degradation of the barbiturates in alka- 
line solutions is well known to the pharmaceu- 
tical practitioner. One of the earliest references 
to the instability of malonyl urea derivatives was 
reported in 1903 (1). It was found that diethyl- 
acetyl urea was formed on heating barbital solu- 
tions. Husa and Jatul (2) have summarized the 
pathways of decomposition of the barbiturates in 
alkaline solutions. Rotondaro (3) has separated 
and identified the decomposition products of 
phenobarbital in alkaline solutions as being 
phenylethylacetyl urea which further hydrolyzes 
to produce phenylethyl acetic acid and urea. 
Fretwurst (4) studied the stability of seventeen 
barbiturates in alkaline solutions and quantita- 
tively determined the decomposition products 
of the various drugs. 

Even though chromatographic techniques have 
been employed for separating the various barbi- 
turates from each other (5-9), the literature con- 
tains no information on the use of these tech- 
niques to separate the various decomposition 
products which may occur in barbiturate solu- 
tions. For this reason it was felt that a study' 
should be initialed to ascertain if cluomatographic 
procedures could be applied to effect a separation 
of the decomposed products of the barbiturates. 
Since the decomposition products of phenobarbi- 
tal in alkaline solutions are known, this was the 
barbiturate selected to include in this study. 

EXPERIMENTAL 

Supplies. — Whatman filler paper No. 1; pheno- 
barbital, US.P.; phenobarbital sodium, IJ.S.P.; 
phenylethylacetyl urea (prepared in our laboratory); 
phenylethyl acetic acid. A. R.; «-hcxyl alcohol, 
M-heptyl alcohol, n-octyl alcohol, isopropyl alcohol, 
methyl alcohol, and ammonium hydroxide 2S% 
(allA. R,); cobalt nitrate solution (1%); bromocrc- 
sol green solution (0.04% in ethyl alcohol, adjusted 
to bluc-grccn color with NaOH solution); p-dimeth- 


* Rccciycil PePruary 7, 1959, Irom the College of I’har- 
niacy. University of Michigan. Ann Arbor. 

I're’tcntct! before the Section, A Pn A , Los 

AnRclcs tnccling, ApriJ, 105S. 


j'laininobenzaldehyde solution (2% in 1.2 A' HCl); 
copper sulfate solution (5% in 2 ml. pyridine and 48 
ml. H-O). 

PREPARATION OF SAMPLES 

A six per cent phenobarbital sodium solution was 
placed into ampuls and thermally degraded by stor- 
ing at 80° for twenty-four hoius or more. The am- 
puls were broken as required and the precipitate col- 
lected and dissolved in chloroform. Further extrac- 
tion of the above aqueous phase with chloroform was 
then conducted to insure removal of all the chloro- 
form-soluble constituents from the degraded pheno- 
barbital sodium solutions. The chloroform and 
aqueous fractions were then collected into separate 
vessels and set aside until needed in the chromato- 
graphic studies. 

Known decomposition products of phenobarbital 
sodium were obtained, recrystallized, and separately 
dissolved in cither distilled water or chloroform.* 
At the same time an aqueous solution of phenobar- 
bital sodium and a chloroform solution of phenobar- 
bital were prepared. 

Preparation of Chromatogram. — Approximately 
five microliters of each solution containing a known 
compound were then spotted on filter paper at equal 
intervals and at a starting point one and one-half 
inches from the bottom of the paper. Tlicse points 
appear on all the chromatograms (Figs. 1 and 2) at 
points A to F. At point G, spots were placed of all 
the known compounds (A-F) superimposed upon 
each other. The aqueous and chloroform fractions 
of the degraded phenobarbital sodium solution were 
spotted at points H and I, respectively. Finally, a 
mixture (H and I), spotted separately, of the aqueous 
and chloroform extracts of the degraded phenobar- 
bital sodium solution was placed at point J. 

The paper was then rolled into a cylindrical shape 
and placed into a battery jar containing a beaker or 
beakers of the desired solvent system. The lid was 
placed scciuely on the jar and the atmosphere in the 
chamber and the solvent system were allowed to 
equilibrate ovcrniglit, at which time the mobile phase 
of the solvent system was added to the bottom of tlic 
jar. After preliminary e-xperimentation, it was 
found that eighteen hours were sufficient for the sol- 
vent front to reach the desired height. At the end of 
this period the chromatograms were removed and al- 
lowed to dry. It was then viewed in ultraviolet light. 
Phenobarbital sodium, phcnyletliylacctyl urea, and 

* Approximately 2^ w/v solutions. 
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Fig 1 — Sepir.ition of t!ic dccoiiipositioii products 
of plicnobirbital sodium b\ paper clirom itogr.iplu 
Solvent SNstem lsoprop^l alcoliol, 125 ml, n 
hexjl, or licptsl, or octtl alcoliol, 75 ml , mctli mol, 
50 ml , ammonium ludroxide, .50 ml 


standing for tuo hours at room temperature In this 
tjpe of sjstcni, the folloismg solvent combinations 
were emploj ed n hexj 1 alcohol saturated with am 
inonuim lijclroxide (28%), «-hexjl alcohol saturated 
with borate buffer (pH 10), and « am^l alcohol sat 
urated with borate buffer (pH 10) 

When the buffers were cmplojcd, the filter papers 
were first sprajed with buffer solution and dried be 
fore thej were spotted 

For the one pli isc soUeiil sjstcm, the following 
eombmatioii of solvents w is emploved 


isopropj I alcohol 125 ml 

tt licxv 1 ilcoliol or 71 lieptv 1 alcohol or 

II octv I alcohol 75 ml 

methv 1 alcohol 50 ml 

ammonium hvdroxide (28%) 50 ml 



10 7 


I 02 

OB on 0, 

. U C 0 f 
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Fig 2 — Separation of the decomposition products 
of plienobarbital sodium b\ paper ehromatograpliv 
Solvent svstem « amvl alcohol saturated with 
borate buffer, pH 10 

Kev to the letters and s\ mbols included m Figs 
1 and 2 A — phcnobarbit il in chloroform, B — 
phenob irbital sodium m water, C — phciivlcth>l- 
acetjl lire nil chloroform D—phen\lethvl acetic acid 
m chloroforom, E — urea m water F — sodium bicar 
bonatc in water, G — mixture of A to F H— aqueous 
fraction of decomposed plienobarbital sodium solu- 
tion I— chloroform fraction of decomposed phe 
nobarbital sodium solution, J — mixture of H and I, 
solid area — plienobarbital and plienobarbital so 
dium enclosed vertical lines — phenjlethjlacctjl 
urea, enclosed horizontal lines — phcnjlethvl acetic 
acid, open area— urea enclosed dotted area — so 
dium bicarbonate 

phenyletlijl acetic acid were evident in the presence 
of the ultraviolet light Sprajmg techniques were 
also emploj ed to delineate the v arious compounds on 
the chromatograms 

Solvent System — In these studies two tj pcs of 
solvent systems were employed, a two phase and a 
one phase sj stem 

The two phase solvent system was prepared by 
shaking the solvents for five minutes in a separator! 
funnel and then allowing the phases to separate by 


Spraying Reagents — The barbiturates were idea 
tified bv sprnving with cob.ilt nitrate solution, dn 
mg, .ind exposing the chromatogram to ammonia 
vapors Pink spots developed for the barbiturates 
PhcnvIcthvI acetic acid appeared as a bluish green 
spot w hen sprav ed w itli copper sulfate solution The 
solution of bromocresol green produced a v ellow spot 
for the acidic compounds and a blue spot for the basic 
compounds The barbituric acids were not stained 
bv this reagent because of their weakiv acidic proper 
ties Urea w as stained as a bright j ellow color w hen 
sprav ed with /> dimcthvlaminobenzaldchvde solu 
tion 

The sprav ing reagents did not stain anv of the 
above compounds except urea when the filter paper 
was buffered, therefore, ultraviolet light was utilized 
for V isu ihzing the compounds 

RESULTS 

Table I includes the 7?/ values obtained in the dif 
ferent solv cut sv stems for the identified decomposed 
products of plienobarbital sodium Each solvent 
sv stem is discussed below 

n-Kexyl Alcohol Saturated With Ammoniuni 
Hydroxide System. — When this solvent svstem was 
cmplojcd. It was possible to separate phenyletlijl 
acetj 1 urea, pbenv lethv 1 acetic acid, and phenobar 
bital sodium from the decomposition mixture 
Urea was not completely separated from phenobarbi 
tal sodium Basic spots w ere found at the origin and 
were la ter identified as sodium bicarbonate with some 
trace impurities 

7i-Hexyl Alcohol Saturated With Borate Buffer 
System —With this solvent system, it was possible 
to separate phenj lethv lacetvd urea, plienobarbital 
sodium, and phenv lethj I acetic acid Urea, how 
ever, could not be separated from the pheny lethy 1 
acetic acid 

Isopropyl Alcohol-Hexyl Alcohol-Methyl Alcohol- 
Ammonium Hydroxide System — ^In this one phase 


0 6 
I K 
jo 5 ' 

jO 9 
lo 3 


Table I — Solvent Svstem and R/ Values tor Degradation Products of Phenobarbital Sodium 


Name of Compound 
Plienobarbital sodium 
Pheny lethy lacetyl urea 
Phenylethj’l acetic acid 
Urea 


« Hexyl Alcohol 
Saturated With 
Ammonium 
H> droxide 

0 17 
0 90 
0 41 
0 09 


« Hexyl Alcohol 
Saturated With 
Borate Buffer 
pH 10 

0 48 
0 85 
0 23 
0 09 


Isopropv I Alcohol 
It Hexil It Heptyl 
or ti Octyl Alcohol 
Methyl Alcohol 
Ammonium 
Hydroxide 

0 40 
0 81 
0 52 
0 30 


llcohol 
1 With 
Buffer 
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system (Fig. 1), a separation was achieved of the de- 
composition products in phenobarbital sodium solu- 
tions Spots for phenylethylacetyl urea, phenylethyl 
acetic’acid, phenobarbital sodium, and urea appear 
If the w-hexyl alcohol is replaced in the above sj'stem 
with ?!-heptyl or w-octyl alcohol no change will occur 
m Rf values (Table I) However, there appears a 
“tailing” of phenylethylacetic acid with the heptyl 
or octyl alcohols. The basic spot at the origin was 
identified as sodium bicarbonate. 

Amyl Alcohol Saturated With Borate Buffer.— A 
very good separation of the four known decomposi- 
tion products of phenobarbital (Fig 2) was ob- 
tained 

SUMMARY 

1. An ascending paper chromatographic tech- 
nique was employed to separate the degradation 
products, reported by Rotondaro, of phenobarbi- 
tal sodium in aqueous solutions. 

2 Two solvent systems were found suitable to 
effect separation of the four decomposed products 
of phenobarbital sodium in an aqueous medium. 


One system employed «-amyl alcohol saturated 
with borate buffer while the second was a one 
phase system composed of isopropyl alcohol, 
H-hexyl alcohol, methyl alcohol, and ammonium 
hydroxide 

3. Other degraded barbiturate solutions are 
being investigated bj' the method reported in this 
paper with the hope of separating and identifying 
the decomposed compounds. 
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A New Benzodioxan Derivative With Adrenergic 

Blocking Activity* 

2-(N,N-diallylcarbamylmethyl)aminomethyl-l,4-benzodioxan 

By G. VICTOR ROSSI and MARVIN E. ROSENTHAL 


The compound 2-(N,N-diaIlylcarbaraylinethyl) aminomethyl-l,4-benzodioxan (A- 
2275), selected for evaluation from a series of new benzodioxan derivatives, pro- 
duced moderate but rather transient reduction of blood pressure in anesthetized 
normotensive dogs and unanesthetized hypertensive rats. Its adrenergic blocking 
aaivity was less, and its direct vasoconstrictor effect was greater than that exhibited 
by piperoxan hydrochloride. Compound A-2275 possessed low acute toxicity and 
provided moderate protection against the lethal effects of epinephrine in mice. 


A PREVIOUS REPORT b)' Rossi and Smith (1) 
^ described the evaluation of the hypotensive 
and adrenergic blocking activity of a new scries 
of 2- lN-a!kyl(N,N-dialkylcarbamybnethylamino) 
alkyll-I,4-bcnzodioxan derivatives Synthesis 
and preliminary pharmacologic evaluation of 
additional members of this series indicated that 
2-(N,N-diallylcarbamyhnethyl)aminometh\i-l,4- 
bciwodioxan (designated as compound A-2275) 
possessed significant depressor activity. The 
phannacologic investigation of compound A-227o 
fonns the basis of the present report. 


• May 3. 1938. from the EaWall Memorial Lai 

wMoiy ot riiarmacoIoKy anti Biochemistry, Philadclphi 
Utmece o( Pharmacy anti Science, Philadelphia 4, Pa. 

This study nas supported in part by a research rrant frot 
the National Drue Co . Philadelphia 44. Pa 


EXPERIMENTAL 


Acute Toxicity in Mice. — Swiss Webster male mice 
(Huntingdon Farms), weighing from 18 to 22 Gm, 
and fasted for twelve hours with free access to water, 
were used in determining the oral, intraperitonea!, 
and intravenous LDjo values of compound A-2275’ 
and pipcro.\an hydrochloride (Benodaine).' Follow- 
ing preliminary "range-finding” e-xperiraents, each 
LDjo was established from data obtained with five 
groups of ten mice which received dosages spaced at 
0,1 log intervals. Those animals which succumbed, 
did so within two hours after administration of the 
benzodioxan derivatives, and in each case death was 
preceded by hyperexcitability, tremor, clonic and 
tonic coim ilsions. LDjo values and their 95% con- 


r>r,.7fN“o ” “'■ppueu uy ur. custav ). Martin, 
UniK Uj. Re^rch Laboratories. Philadelphia, Pa. 

by Edmund McLaURhli 
hnarp and Dohme. West Point, Pa, 
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fidcnce limits, calculated Recording to the method of 
Epstein and Churchman (2) are presented m Table 
I 


Table I — Acute Toxicity oi Piferunan lit duo 
CHLORIDE AND COMPOUND \ 2275 IN MiCL 






1 D«, 

Confidence 


mg /Kg 

Limits 

Pipcroxan hj drochloride 



Intravenous 

33 2 

30 2 30 1 

Intraperitoiical 

175 0 

150 0 180 0 

Oral 

502 0 

427 0-587 0 

Compound A 2275 



Intravenous 

55 0 

50 2- 00 1 

Intrapentoneal 

230 0 

200 0-252 0 

Oral 

447 0 

392 0-500 0 


The data do not demonstrate anj outstanding dif 
ference m acute toxicitj between pipcroxan h\dro- 
chloride and compound A 2275, lion c\ cr, the ratios 
betueen the mtratenous and oral LDjo’s suggest 
that the latter eompound niaj be absorbed to a 
greater extent following oral administration 

Reduction of Epinephrine Toxicity in Mice. — 
The degree and durition of protection protided b> 
compound A 2275, pipcroxan In drochloride, and 
tolazohne In drochloride (Priscohnc) were compared 
in mice (Swiss Webster male, 18-22 Gin, fasted 
tw elve hours) according to the method of Loew and 
Micetich (3) \ arj mg doses of the three adrenergic 

blochmg agents or 0 5 ml of distilled water were ni- 
lected intrapcritoneally into a number of groups of 
ten mice At mtcr\als of fifteen, tliirtj, sixtj, one 
hundred and tweiit\, and two hundred and fortj 
minutes after administration of either distilled water 
or the test compounds, 1 1 4 mg of I epinephrine hj - 
drochloride was injected intraperitoncallj into 
groups of pretreated nnec and mortahtj occurring 
after one hour was recorded (Table II) 

The dose of epinephrine cmploi cd m this stiidj 
killed an average of 8G% (N = S0) of the control am 
mals (previously injected intrapcritoneally with 0 5 
ml of distilled water) Piperox.in hj drochloride in 
doses of 50 and 100 mg /Kg failed to confer pro- 
tection against the lethal eflect of epmephriiie 
Loew and Micetich (3) similarlj reported pipcroxan 
to be noneffectiv’e in this respect Adniiiiistration 
of epinephrine fifteen minutes after iiitrapcritorical 
injection of 50 mg /Kg of compound A-2275 resulted 
in fewer fatalities than in the control group Maxi 
mal protection (50% mortalitj ) occurred vvitliin 
thirty minutes, and after one hour the blocking 
action had largelj terminated Only slightly greater 
reduction of epinephrine toxicity was obtained with 


100 mg /Kg of compound A-2275 A considerablj 
gre itcr degree and duration of protection against 
the toxic effeet of epinephrine was provided b\ 
significaiitl} smaller doses (10 and 20 mg /Kg ) of 
tolaroline 

Although the beiizodioxan eompound A 2275 mod 
eratelj decreased the toxicity of epinephrine in mice, 
the doses required to elicit protection were consider- 
.iblj 111 excess of those jiroducing significant depres 
sor activitj as described m subsequent sections of 
this report 

Hypotensive Activity in Normotensive Dogs — 
Cotnpouiid A 2275 and piperoxan hj drochloride 
were coinjiarcd in regard to their abihtj to lower 
blood pressure and reduce the pressor response to 
epinephrine and occlusion of the carotid arteries in 
mongrel dogs (8 to 10 Kg , both sexes) anesthetized 
with 35 mg /Kg of pentobarbital sodium Blood 
jiressure was recorded dircctlj from a femoral arterj 
Epinephrine hj drochloride (2 gg /Kg ) was injected 
intr.ix enoiislv (femoral vein) thirtj minutes after 
administration of the compound being examined 
After stabilization of the blood pressure, the carotid 
sinus reflex was evoked bv clamping both common 
carotid arteries for an interval of thirtj seconds 
The changes m blood pressure following each pro 
cednre w ert compared w ith the av erage of three um 
form jiressor responses elicited prior to administra- 
tion of the hv potensiv e agent The mean reduction 
in blood pressure and inhibition of the pressor effect 
of epinephrine and carotid arterj occlusion obtained 
with each dose level and route of administration are 
presented m Table III 

Comiiotmd A-2275 injected mtravenouslv in a 
dose of 1 mg /Kg produced a moderate, rapid but 
transient (fifteen to thirtv minutes duration) reduc- 
tion III blood pressure and the response to epine- 
phrine and carotid artcrv occlusion Increased m 
travciioiis doses (as much as 16 mg /Kg ) did not 
elicit appreciablv greater decreases m blood pressure, 
but the duration of hv potension was increased from 
sixty to one hundred and eightv minutes Doses of 
32 ing /Kg iiitrav cnouslv were uniformlv fatal 
The partial adrenergic blockade produced bj'^ even 
larger doses of compound A 2275 was abolished bv 
increasing the amount of epinephrine injected to 4 or 
8 US /Rg Similar blockade of the pressor response 
to iiorcpniephrine (2 >ug /Kg ) was observed, how 
ever the effects of iiitrav enous isopropv larterenol (2 
us /Kg ) w ere not sigiiificaiith' altered 

The reduction of blood pressure following oral 
administration of 25 mg /Kg of compound A-227S 
was maximal within fortj-five minutes and was 
largelj terminated after three hours Increasing 
the oral dosage to 50 mg /Kg increased the onset 
and duration of action (four hours) but did not ap- 


Table II — Reduction or Epinephrine Toxicitx' in Mice 


Test Compound 
Tolazohne hj drochloride 

Piperoxan hj’drochloride 

Compound A-2275 

Distilled water 


Per Cent Mortality" 

mg /Kg Minutes after Administration of lest Compound 

I D IS 30 fiO 120 240 


10 

10^ 

20 

20 

10 

10 

50 

so 

90 

100 

90 

100 

50 

GO 

50 

100 

50 

50 

0 5 ml / 

80 

100 


GO 

70 

90 

40 

50 

80 

100 

90 

80 

100 

100 

90 

SO 

80 

90 

70 

90 

100 

80 

80 

90 


mouse 


Deaths recorded one hour after injection of epinephrine hj drochloride — 14 4 mg /Kg . i p t N = 10 in all groups 
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Table III — Depressor Activity of Compound A-2275 and Piperoxan in the Anesthetized Xormo- 

TENSivE Dog 


Compound 

Dose 
mg /Kg 

Route of 
Administration 

A-2275 

1 

1 V 

A-2275 

2 

1 V 

A-2275 

4 

1 V 

A-2275 

8 

1 V 

A-2275 

16 

i V 

.\-2275 

25 

per os 

.\-2275 

50 

per os 

Piperoxan 

0 25 

\ V 

Piperoxan 

1 

1 V 

Piperoxan 

2 

1 V 


Mean 
Per Cent 

Decrease Mean Per Cent Decrease in 
in Pressor Response 30 rain after Drug 


No 

Animals 

Initial 

Blood 

Pressure 

Epinephnne** 

Carotid 

Smus 

Occlusion^ 

5 

20 

16 

34 

7 

23 

18 

42 

5 

26 

38 

48 

5 

24 

45 


4 

26 

62 

65 

4 

28 

40 

72 

5 

38 

42 

SO 

1 

0 

100 

0 

2 

0 

reversal 

26 

I 

16 

reversal 

So 


“ Epinephrine — 2 /BCg of epmephrioe hjMrochlonde. intravenously 
’ Carotid sinus occlusion ” clamping both common carotid arteries for thirtj seconds 

Per cent decrease in pressor response based on an average of three responses pnor to administration of compound A. 2275 or 


piperoxan 


Table IV. — Co.mparative Hypotensive Effect of Compound A-2275 and Piperoxan in the Un 

ANESTHETIZED HYPERTENSIVE RaT 



Dose 

Route of 

Mean 

Pretreatment 

S> stolic 

Blood 

Pressure 

Mean Reduction of Pretreatmeut 
Blood Pressure ram Hg 
Time After Administration of Drug 

Hr 

Compound 

mg /Kg 

Adraimstratton 

mm Hg 

1 

2 


1) 

A-2275 

1 

i P 

218» 

IS 

19 

8 

2 

Piperoxan 

1 

1 P 

222 

18 

22 

11 

2 

A-2275 

2 

i P 

231 

23 

31 

19 

3 

Piperoxan 

2 

1 P 

226 

lo 

27 

16 

0 

A-2275 

4 

per os 

230 

IS 

20 

11 

1 

Piperoxan 

4 

per os 

215 

lo 

20 

10 

1 

A-2275 

S 

per os 

207 

24 

29 

14 

2 

Piperoxan 

8 

per as 

212 

21 

27 

14 

2 


N “ 10 m all groups 


prcciably enhance the e\tent of the blood pressure 
reduction. 

That mechanisms other than adrenergic blockade 
contribute to the hypotensive activity of compound 
A-2275 M'as suggested by the partial inhibition of 
the pressor responses to epinephrine and itoropinc 
phrine obtained in the dog with doses of the com- 
pound wltich produced considerable reduction of 
blood pressure. Piperovan abolished or reversed 
the pressor response to epinephrine in concentrations 
which elicited no significant effect on blood pressure 

Hypotensive Activity in Hypertensive Rats.’ — 
Chronic hypertension was experimentally induced 
m male Sherman rats weighing appro\imatclv 130 
Gm according to the tccimiquc previously described 
bv Rossi and Packman (4). Systolic blood pressure 
was determined in the unancsthetized hypertensixe 
rat by the photoelectric tensometer method (5). The 
hypotensive activity of compound A-2275 in doses 
of 1 and 2 mg /Kg injected intr.ipcritonealfy, and 
4 and 8 mg /Kg given orally, was compared in each 
c.ise witli piperoxan hydrochloride administered in 
the same doses 

No measurable change in the blood pressures of 
ten control animals w as detected w hen measured one, 
two, four, and six hours after administration of dis- 
tilled water orally or iiitraperitoiically Significant 
(P < 0 001) reduction in systolic pressure, which was 
largely dissipated after four hours, followed intra 

* Tbc ntuliors wish to octnottlctlKc tltc ttssisl,incc of Dr 
bulncv GoUlstein diiriut: this pliasc of the ritveslijjatron 


peritoneal injection of 1 mg /Kg of compound A- 
2276 (Table IV) Increase in dosage to 2 mg /Kg 
mtraperitoneally resulted in a slight increase in the 
extent and duration of the depressor response 
Comparable effects were elicited by 4 and 8 mg /Kg 
of compound A 2275 administered orally, indicating 
a moderate degree of gastrointestinal absorption 
There was no significant difference in the degree or 
duration of blood pressure reduction produced by 
equivalent doses of piperoxan hydrochloride and 
compound A-2275 

Rat Hind Limb Perfusion. — The direct effect of 
compound A-2275 and piperoxan hv'drochloride on 
peripheral blood vessels was determined by tlie use 
of a modification of the rat hind limb preparation 
described bv Burn (C) In the present study, the 
abdominal aorta of the anesthetized rat was cannu- 
latcd and the hnid limbs perfused with oxygenated 
Riiigcr-Lockc solution iiianitaincd at 37° and 60 
mm Hg pressure The abdominal vein was camiu- 
lated with poljcthvlene tubing and arranged so that 
the perfusate collected in a cylindrical graduate 
Volume of the perfusate was recorded at five-minute 
intervals After the rate of flow became constant, 
the responsiveness of the preparation was tested by 
noting the transient decrease in flow rate following 
injection of 1-2 jig of epinephrine hydrochloride 
into a side arm of the aortic cannula. 

Piperoxan hydrochloride introduced into the sys- 
tem m amounts of 50, 100. and 250 ns- Itad no con- 
sistent effect on the rate of perfusion through tJic 
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rut hind limb preparation (N = G). Relatively large 
doses, 0.5 and 1 mg., produced a slight reduction (0 
to 8 and 5 to 17%, respectively) in flow rate. In 
contrast, compound A-2275 exhibited moderate di- 
rect vasoconstrictor activity. The amounts of 
compound A-2275 injected and the resulting de- 
creases in perfusion rate were as follows: 50 iig . — 10 
to 12%; 100 iig.— 10 to 20%; 250 iig.— 32 to 45%; 
and 0.5 mg.— 00 to 100%, (N = 8). 

Direct stimulation of many different smooth 
muscles is a property common to many bcuzodiox- 
ans. Although the spasmogenic effect of compound 
A-2275 on vascular muscle would appear to inter- 
fere with its hypotensive activity, it is doubtful 
whether the blood concentrations achieved with ef- 
fective depressor doses in the intact animal approxi- 
mate those which were found to cause significant re- 
duction of perfusion rate in the rat hind limb prepa- 
ration. 

SUMMARY 

1. The compound 2-(N,N-diallylcarbamyl- 
methyl) aminomelhyl-l,4-bcrizodio.\an (A-2275) 
was selected for pharmacologic evaluation from a 
series of new benzodioxan derivatives on the basis 
of hypotensive activity. 

2. Oral, intraperitoneal, and intravenous 
LD(o values for compound A-2275 and piperoxan 
hydrochloride were determined in mice. 

3. Compound A-2275, piperoxan hydrochlo- 
ride, and tolazoline hydrochloride were compared 
in regard to their ability to provide protection 
against the lethal effect of epinephrine in mice. 


-1. Intravenous injection or oral administra- 
tion of compound A-2275 produced moderate, 
but rather transient reduction of blood pressure, 
and partial inhibition of the pressor responses to 
epinephrine, norepinephrine, and carotid sinus 
occlusion in anesthetized normotensive dogs. 
Piperoxan hj’drochloride, injected intravenously 
in subhypotensive doses, completely abolished 
the pressor responses to epinephrine and nor- 
epinephrine. 

5. Comparable blood pressure reduction was 
obtained with equal doses of compound A-2275 
and piperoxan hydrochloride administered orally 
and intraperitoneally to unanesthetized chronic 
hypertensive rats. 

0. Com[)ound A-2275 was found to possess 
moderate direct vasoconstrictor activity in the rat 
hind limb perfusion preparation. Piperoxan h}'- 
drochloride exhibited measurable spasmogenic 
actirdty onl}- in relati\’eh%arge concentrations. 
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The Preparation of Oxidized Derivatives of 
l-Ethylsulfonyl-4-ethylpiperazine* 


By WILLIAM O. FOYE and LEO R. FEDOR, Jr.f 

N-Substituted derivatives of 1-ethylsulfonylpiperazine have been prepared follow- 
ing the announcement of l-ethylsulfonyl-4-ethylpiperazine as an antishock agent. 
Derivatives representing possible oxidation products of the N'-ethyl group were 
prepared by introducing carboxymethyl and hydroxyethyl groups into 1-ethyl- 
sulfonylpiperazine. The latter compound was obtained from 1-benzyloxycar- 
bonylpiperazine, and the benzyloxycarbonyl group was removed by catalytic hy- 
drogenation and by nonhydrolytic cleavage without cleavage of the ethylsulfonyl 

group. 


HE EFFECTIVENESS of l-ethylsulfonyl-4-ethyl- 
piperazine in treating hemorrhagic shock in 
dogs was reported by Bovet, ct al. (1), in 1948. 
Use of the same compound in the treatment of 
burn shock in rats was reported by Orth, ct al. 
(2), in 1954. The latter group obserx^ed that the 
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activity of this compound in preventing shock 
was delayed in warm xveather xvhen the metabolic 
rate of the rat is slower. This suggested that a 
metabolite was responsible for the antishock ef- 
fects, and an oxidation product was considered a 
likely possibility. Attempts were made to pre- 
pare oxidized derivatives of tlie N-ethyl group, 

namely 1 -ethylsulfonyl-4-)3-hydroxyethylpipera- 
zine and l-ethylsulfonyl-4-piperazinoacetic acid. 

Direct oxidation of the compound was con- 
sidered to be impractical after attempts to oxi- 
dize 1-ethylpiperazine gave no characterizable 
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products. Substitution of an already oxidized 
side-chain on the free nitrogen of 1-ethylsulfom-l- 
piperazine was then considered. The success of 
this procedure depends, of course, upon having a 
blocking group present on one of the nitrogens of 
the piperazine ring, prior to the introduction of 
the ethylsulfonyl group, which can be removed by 
a nonhydrolytic procedure. The blocking group 
most frequently employed for making mono- 
substituted or uns 3 'mmetrical N,N'-disubstituted 
piperazines has been the carbethoxyl, first intro- 
duced by Moore (3) in 1929. Few other easily 
removable groups have been found which may be 
monosubstituted in the piperazine ring in suitable 
yield. Disubstitution is, of course, the rule with 
piperazine reactions. 

The use of 30 per cent hydrogen bromide in 
glacial acetic acid to cleave the carbethoxyl group 
from l-et.hylsulfonyl-4-carbethoxypiperazine had 
been found (4) to give rather poor yields of 1- 
ethjdsulfonj’lpiperazine, and later attempts gave 
no better results. The alternative method of syn- 
thesis in which the oxidized side-chain is sub- 
stituted into the piperazine ring first would be 
complicated by reaction of ethylsulfonyl chloride 
with the ^-hydroxy group or salt of the carboxj’l 
group. Protection of the hydroxj’l group would 
later require a hydrolysis, probably causing elim- 
ination of the ethylsulfonj-1 group as well. 

Use of the ben zvloxy carbonyl group as a block- 
ing agent was therefore investigated, since it may 
be cleaved from the piperazine nitrogen by cata- 
lytic hydrogenation. l-Benzjdoxycarbonylpiper- 
azine was prepared by a method based on that of 
Goldman (5), which in turn was based upon tlie 
monocarbelhoxvlation procedure of Moore (3). 
A fair yield of the monosubstituted piperazine 
was obtained b>' conducting the reaction with 
bcnzN'loxycarbonyl chloride at a controlled pH 
and separating the disubstitulcd derivative by 
extraction with chloroform. l-Eth_vlsulfon\'l-4- 
benzj’loxycarbonylpiperazine was rcadilj’ pre- 
pared, and both nonlu’drolytic cleavage and cata- 
lytic hydrogenation procedures were used to re- 
move the bcnzyloxycarbonyl group. The first- 
named procedure, using 30 per cent hydrogen 
bromide in glacial acetic acid, gave a 72 per cent 
conversion to 1 -ethylsulfonyljiipcrazine hydrobro- 
midc, while low pressure hvdrogenation over 10 
per cent palladium-on-charcoal catalyst gave a 
9S.5 per cent yield. During the course of this 
work, Goldman and Williams (0) reported that a 
scries of l-carbamoyl-4-bcnzyloxycarbonylpipera- 
zincs could also bo successfully cleaved by hydro- 
gen and 10 per cent palladium-on-charcoal in re- 
lluxiug aqueous solution. 


The desired l-eth,ylsulfonyl-4-i3-hydroxyethyl- 
piperazine was obtained bj' refluxing the l-eth\'l- 
sulfonylpiperazine with ethylene chlorohydrin, 
and l-ethylsulfon\’l-4-piperazinoacetic acid was 
obtained b.v heating l-ethylsulfon\'lpiperazine 
with either chloro- or bromoacetic acid. The 
bromo acid gave a 45.5 per cent j’ield, while the 
chloro acid gave S0.5 per cent. Equation 1 illus- 
trates the sj-n thesis of l-ethylsulfonyl-4-pipera- 
zinoacetic acid. 


/- 



XH 

XH -f CtHs 

,CH:OCOCl » 


_/ 

pH 4.6 


\ 


HX 

XCOjCHA 

:6H5 -f CjH..sO;Ci 





-> /” 


(CcHsh 

X C:H.,SO;X 

SCOiCHzCJE 


/ 

H» 

/ 


I 

CcHsSO.X 

XH -h ClCH:CO:H 

Pd/C 

\__ 

./ 


/“ 

"\ 

j 

- CjHiSO-X 

XCH.COiH-HCl 


\_- 

./ 


{Eq. 11 

It was also decided to prepare l-d-hydroxy- 
ethylpiperazine and l-piperazinoacetic acid for 
comparative purposes, and also because no bio- 
logical testing has been reported for these com- 
pounds. The first named compound was pre- 
pared as the dihydrochloride according to the 
procedure of Moore (3), using 1-carbethoxy- 
piperazine, ethylene chlorohydrin, and sodium 
carbonate, followed by aqueous hydrolysis of the 
carbethoxyl group. l-Piperazinoacetic acid was 
obtained as the dihydrobromide from 1-car- 
bethoxypiperazine and bromoacetic acid, followed 
by hydrogen bromide cleavage. Moore (3) ob- 
tained this compound by a much more involved 
procedure from l-carbethox 3 'piperazine requir- 
ing a Icngtliy acid h 3 'drol 3 'sis, neutralization with 
silver carbonate, and removal of excess silver. 

Antishock tests have not yet been carried out 
with these compounds. However, four of the 
compounds, l-piperazinoacetic acid dihydrobro- 
niide, T0-hydroxyeth3'lpiperazine dih 3 ’drochlo- 
ride, Teth3’lsulfon3d'4-piperazinoacetic acid hj'- 
drocliloride, and l-ethvlsulfonvl-4-d-hvdrox\'- 
ctlndpiperazine lu’drochloride were tested against 
several parasitic infections in mice at the Lilly 
Research Laboratories. All of the compounds 
were ineffective against T. cquiperdum, S. nwyi, 
S. obvdata, and A. tetraplera, but l-eth 3 'lsulfon 3 -l- 
4-piperazinoacetic acid In'drochloride was effec- 
tive against E. histolytica at a concentration of 
G2.5>ig./ml. ill vitro. 
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IXPLRIMLNTAL 


Melting points were taken on a I islicr-Johns 
block and are iincorrected Analjses were ob 
tamed from the Weiler and Strauss Microanalj tical 
Laboratorj , Oxford, England 

l-Benzyloxycarbonylpiperazme. — A solution of 30 
Gin (0 155 mole) of piperazine liexalij drate, 225 ml 
of methanol, 30 ml of water, and 40 5 ml of 0 N 
hydrochloric acid was heated to boiling, and 20 3 
Gm (0 172 mole) of benzyloxj carbony 1 chloride was 
added over a one half hour period along with suffi 
cient 4 N sodium hydroxide to maintain the pH iic ir 

4 0 The mixture was heated for an additional 
three hours, allowed to stand oxernight, and the 
methanol was then removed in tacuo The residue 
was made alkaline with sodium livdroxide, sodium 
carbonate was added, and the mixture was extracted 
with chloroform The chloroform extract was 
treated with dilute hydrochloric acid md washed 
with water Evaporation of the chloroform vielded 

5 5 Gm of 1,4 bis (benzy loxy cirbonv 1) piper iziiic, 
111 p 112-113" The acid extract w is made alka 
line with sodium hydroxide and extracted with 
chloroform The chloroform was evaporated under 
reduced pressure, and the oilv residue was distilled 
The yield vvas 14 Gin (41%) of colorless product 
which boded at 100-170° (2-3 mm ), the recorded 
boiling point (5) is 158-101° (1 4 mm ) 

l-Ethylsulfonyl-4-benzyloxycarbonylpiperazine. — 
A solution of 13 95 Gm (0 003 mole) of 1 benzvloxv 
carbony Ipiperazme, 100 ml of anhy drous ether, and 
0 5 Gm (0 064 mole) of triethylammo was treated 
with an ether solution of 8 2 Gm (0 001 mole) of 
ethylsulfonyl chloride drop bv drop The reaction 
temperature was kept at 15-20° bv water cooling 
After the addition was complete, the reaction mix 
ture was stirred for two hours at room temperature 
A precipitate of tnetliy hiiiinc In drochloridc was 
filtered from the solution, iiid white platelets then 
crystallized from the filtrate after partial evapora 
tion Soxhlet extraction of the tricthv laiiiiiie liv 
drochloridc with ether vicldcd an additional quaii 
tity of this material A total of 15 2 Gm (76 8%) 
of 1-ethylsulfony 1 4-benzy loxv carboiiv Ipipcraznic 
was obtained, m p 108-110° 

Xnaf —Calcd for CnH-oN-OiS C, 53 85, H, 

6 41 Found C, 53 87, H, 6 30 

1-Ethylsulfonylpiperazme Hydrobromide by Non- 
hydrolytic Cleavage. — A solution of 1 cthv Isulfony I 4 
benzyloxy carbony Ipiperazme (3 4 Gm , 0 011 mole) 
glacial acetic acid (25 ml ), and 30% hv drogen bro 
mide in glacial acetic acid (5 ml ) (Eastman Or 
game Chemicals) vvas allowed to stand at room tcni 
peraturc for fifteen minutes and m the refrigerator 
overnight The reaction was then warmed to room 
temperature, ether was added, and the precipi 
tate was collected Recrystalhzation from ethanol 
yielded 2 Gm (72%) of 1 ethy Isiilfonv Ipiperazme 
hydrobromide, m p 218-220° The recorded 
m p (4) IS 216-217 5° 

l-Ethylsulfonylpiperazine by Catalytic Hydro- 
genation. — In a pressure bottle w as placed 9 6 Gm 
(0 031 mole) of 1 ethy Isulfony I 4 benzy loxycarbonvl 
piperazine m 100 ml of ethanol The mixture vvas 
warmed to 45°, 2 Gm of 10% palladium on charcoal 
vvas added, and the mixture was hydrogenated for 
one half hour at three atmospheres pressure The 
catalyst vvas then remov ed by filtration, and the 


solvent was evaporated under reduced pressure A 
V leld of 5 4 Gm (98 5%) of l-ethylsulfonylpiperazme 
was obtained which boiled at 145-150° (2 mm) 
The hydrobromide melted at 217-219°, which 
•igrecs with the reported value (4) 

l-Ethylsulfonyl-4-/3-hydroxyethylpiperazme Hy- 
drochloride. — A solution contanimg 1 2 Gm (0 007 
mole) of l-ethylsulfony Ipiperazme and 5 Gm (0 062 
mole) of ethylene chlorohydrm was refluxed for five 
hours The excess ethylene chlorohydrm wasevap 
orated, and the resulting oil was crystallized from 
ethanol A y icid of 0 5 Gm (29%) of crystalline 
solid was obtained which melted at 167-168° 
Aim/— Calcd for CsHisN-O^SCl C, 37 33, H, 
7 35 Found C, 37 38, H, 7 41 

l-Ethylsulfonyl-4-piperazinoacetic Acid Hydro- 
bromide. — A mixture of l-cthylsulfonylpiperazinc 
(0.5 Gm , 0 003 mole) and bromoacetic acid (OI 
Gm , 0 003 mole) was heated on a steam bath for 
fifteen minutes An oil was obtained which was 
crystallized with diflicultv' from ethanol, in p 
170-177°, with previous softening The yield was 
0 4 Gill or 45 5^c 

Ana/— Calcd for CsH.rN.OjSBr C, 30 28, H, 
5 30 Found C, 29 98, H, 5 77 

l-EthylsuIfonyl-4-piperazinoacetic Acid Hydro- 
chloride. — A solution of 1 ethy Isulfony Ipiperazme 
(0.5 Gm , 0 003 mole) and chloroaeetic acid (0 26 
Gm , 0 003 mole) m 25 ml of chloroform was re 
fluxed for one hour The chloroform was evap 
orated, and the residue was crvstalhzed from 
ctlnnol The vield was 0 02 Gm (80 5%) of prod 
net which melted at 132-133° 

dim/— Calcd for CsH„N-OiSCI C, 35 20, H, 
0 24 Found C, 3528, H, 614 

l-Carbethoxy-4-;3-hydroxyethylpiperazine — Tins 
compound was prep ircd bv the procedure of Moore, 
Bovie, and Thorn (3) A 60% vield of colorless 
liquid was obtained b p 190-192° (20 inm ) (ht 
(3) b p 184° (17 mm )) 

l-iS-Hydroxyethylpiperazme Dihydrochloride — 
This product was obt lined by the procedure of 
Moore, Boyle, md Thorn (3) A granular white 
solid was obtained vhich melted at 192-193° with 
previous softening Vo melting point has been 
reported for this compound 

Anal— c.alcd for CeH.bN-OCI Cl, 34 9% 

Found Cl, 33 9<)o 

1-Piperazinoacetic Acid Dihydrobromide — A mix 
ture of 7 Gm (0 044 mole) of 1 carbethoxv piperaznii 
(3) and 6 2 Gm (0 044 mole) of bromoacetic .md 
was heated on a steam bath for one half hour A 
glassy seiiiisohd was obtained which was treated 
with 5 ml of 30% hydrogen bromide in glacid 
acetic acid The solution w as heated at 75° for one 
half hour, and after cooling, 3 5 Gm (30%) of 
solid was obtained which did not melt under 300 
1 no/ — Calcd for CoHhN-O Br- N, 9 15 Found 
X, 9 18 
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Tritium-Labeled Meprobamate'' 

By L. J. ROTHf, K. E. WILZBACHl, A. HELLERf, and L. KAPLANt 


Meprobamate has been labeled with trit- 
ium by exposure to tritium gas. Its radio- 
chemical purity has been convincingly demon- 
strated, and the distribution of tritium within 
the molecule has been determined. The 
specific activity of 300 me. per Gm. is the 
highest thus far reported for a product labeled 
by this technique. 

* I 'he synthesis of 2-methyl-2-w-propyl-l,3- 
propanediol dicarbamate (meprobamate) was 
described by Ludwig and Piech (1) The phar- 
macological properties of this tranquilizing drug 
have been described by Berger (2). Studies of its 
transport, metabolism, and cellular localization 
in the central nen'ous system are important and 
can be facilitated by use of a radioactive la- 
beled compound. Because of the advantages of 
resolution which obtain with tritium in auto- 
radiography, it was desirable to prepare radio- 
chemically pure tritium-labeled meprobamate of 
high specific activity. 

Labeled meprobamate with a specific activity of 
50 gc. per Gm. has been prepared by the recoil 
triton method (3). Significantly higher activities 
are precluded in this method by the concomitant 
decomposition which occurs. Agranoff, Bradley, 
and Axelrod (4) have reported the labeling of me- 
probamate by e-xposure to tritium gas as described 
bj’ Wilzbach (5), but do not mention the specific 
activity attained. M'e have now made a more de- 
tailed stud}' of the labeling of meprobamate by 
this method in order to establish unequivocally 
the radiochemical purity of the product and to ob- 
tain information, needed for the interpretation of 
metabolic studies, of the distrilnition of the iso- 
tope within the molecule 

PROCEDURES 

Tritium Assay. — Tritium w.as dctermiiied by ion 
current measurement (G) on gas s.imples prepared 
by reductive decomposition of organic compounds 
with zinc and nickel oxide (~) 

P.ipcr chromatograms uerc scanned for tritium 
using ilie apparatus described by Kisicleski and 
SiHctana (S) 

Tritiation. — Meprobamate, obtained from Wallace 
Laboratories, Xcw Brans" ick, X J , was rccrys- 

* RcccoctI Jnnunrj .11, 11153 . from the Uniicrsil! of Clii 
cage, Dcpl of Pharmacology, Chicago 37 111 . and Chemj'! 
'O Argonne Xational Lahoralory*. Leraoni III 

na«cd on work performed under the auspices of the V S 
Momic I'ncrg\ C<«mmivsion supported m pari In Contract 
No ATdl l)tr» 

t Unhcrsitv of Chicagxi 
I ArKonne ICatumal l.aborator>. 

I he authors arc Imlehlcd to Mr« 1. F Kohh for the Irii- 
tumi anal) 'ca and Mr H Lai for the hu>logicai ivdation 


tallizcd from water (m p 103°, literature 105- 
106°) (1) One gram of the compound was e.xposed 
for seventv-t"o hours to 5.5 curies of tritium gas 
(4 17 cc S T P , 26 He, S 5<”c H, 65 l<“c T) 
The tritium gas was removed and the product was 
treated twice with 50-ral portions of methanol to 
remove labile tritium Sixty millicuries of tritium 
"as found in the methanol, the nonvolatile residue 
contained 350 me 

Purification, — The crude meprobamate was re- 
crystallized once from "ater, then dissolved in 
methanol and treated with Xorite, and subse- 
quently subjected to a senes of recrystallizations 
from "ater and benzene The specific activity of 
the product after each recrystallization is shown 
in Table I It is seen that after treatment with de- 
colorizing carbon the product is essentially radio- 
chemically pure The recovery of materia! at this 
point "as 8S^c 

Paper chromatography of the purified meproba- 
mate with tnIuenc-H-butanol-H;0 (19.1:20, upper 
phase) showed only a single radioactive peak with 
an f?/ value of 0 35 (Fig. 1) Biological stability 
of tlie label was established by i.p. injection in a 
rat Unmetabolired meprobamate recovered from 
the urine by recrystallization liad tlie same specific 
activity (±2%) as the jnjected dose. 


Table I — Purification op Meprobamatb-T 
nv SoccESSu'E Recrystallization 



Activity, 

Solvent 

mc /mg 

Water 

344 

Methanol + Xorite 

0 

Water 

305 

Water 

303 

Benzene 

304 

Benzene 

302 

Water 

303 

** Xoi delcrmmcfl 



Fig 1 — Radiometric scan of paper chromatogram 
of meprobamate T Solvent; toluene, «-butanol, 
water (19 1 20} 


Preparation of Derivatives. — For tlie preparation 
of derivatives. 1 15 mg of the purified raeprobamale- 
T "as diluted with 2 913 Gm of the inactb'c com- 
pound and recrystallizcd from water and benzene 
The resultant iiroduct bad a specific activity of 
O 122 fic /mg (26 6 /mole) The following 
derivatives were prepared and assayed (Tabic II): 
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Tadle II — Derivatives of Meproramatc-T 




-Acfi\ i(y 

Compound 

pc /mg 

fiC /mole 

Meprobamate 

(1 122 

2G 0 

Diacetx 1-1 

0 089 

26 9 

Dixanth\l-2 

0 0461 

26 7 

Diol 3 

0 200 

26 4 

Diacid 



Acul Oxidation-4 

0 109 

17 5 

Alkaline Oxidatioii-5 

0 111 

17 8 


1 N,N'-Diacetyl-2-inethyI-2-n-propyI-l, 3-pro 
panediol Dicarbamate. — This was prepared b\ 
acetj lation witli acetic aiiliydride and sulfuric acid 
and rccrvstallizcd fioiii absolute alcohol, in p 134 
135° (9) 

2 N,N '-Dixanthyl-2-methyl-2-n-propyl-l ,3-pro- 
panediol Dicarbamate. — This was prepared b\ heat- 
ing on a steam b.ith for tliirt\ minutes a solution of 
meprobamate and twice the calculated quantity of 
\anth} drol m a I 1 mixture of glacial acetic acid and 
absolute ethanol Recrj stallization from 9a' ^ al- 
cohol gave a product, m p 182° (9) 

3 2 - Methyl-2 -n-propyl-l,3-propanediol. — Me- 
probamate was hydrohzcd with alcoholic KOH 
The product w as extracted w ith ether and rccrystal- 
hzed from hexane, m p 5G°, Lit 02-03° (10) 

4 Methyl-n-propylmalonic Acid— zl cid 0\ idalwii 

Cold fuming nitric acid (sp gr 1 SO)wascatitiousl\ 

added to 300 mg of the 2-methyl-2-«-prop} 1 pro- 
panediol m a small flask dulled in an ice bath until 
the diol was completely dissolved The flask was 
stoppered looselj and allowed to stand for two days 
at room temperature The mixture was made 
alkaline with KOH and washed twice with ether 
The solution was then acidified to pH 2 and ex 
traded twice with ether The extracts were 
washed with water and dried over sodium sulfate 
The methyl-H-propj Imalonic acid, obtained by 
evaporation of the extract, was recr\ stallizcd from 
benzene, m p 100° 

6 Methyl-n-propylmalonic Acid~Alkaliiic 0\i 
dation — To 300 mg of the diol dissolved in 15 ml of 
water were added 1 0 Gm of potassium permanga- 
nate m 70 ml of water and 0 9 Gm of .inbjdroiis 
sodium carbonate This mixture was shaken thor- 
oughly, stoppered, and allowed to stand at room 
temperature for one week The excess permanga- 
nate was destroyed by addition of 0 lA' sodium 


bisulfite, the mixture was filtered, and the product 
was isolated and purified as above, m p. 106° 

DISCUSSION 

The recrj'stallization to constant specific activiti 
(Tabic I ), the identity of the molar activities of the 
derivatives with that of the meprobamate (Table 
II), and the presence of a single radiochemical peak 
tu paper chromatography (Fig. 1) are convincing 
evidence for the radiochemical purity of the product 
The specific activity of 303 me per Gm (one atom 
of tritium per 440 molecules of meprobamate) is the 
highest jet reported for this method This value 
corresponds to an incorporation rate of 18 me of 
tritium per cunc-dat' exposure, or a G value of 2 1 
atoms of tritium per 100 electron volts The appear 
ance of 74% of the total tritium incorporated frem 
the gas, and 80% of the stablj--bound tritium iii 
meprobamate is unusually high for this method 
The material obtained is of sufficiently high specific 
.ictivitj’ for use in autoradiography, and results of 
such studies will be published at a later date 
The case cf purification and the high recovert of 
radioehcmically pure material indicate that sub 
stantially higher specific activities could be attained 
if desired 

Upon oxidation of the diol to the corresponding 
inalomc acid, the loss of tritium from the htdroxt- 
niethylcne groups is 33 8% (Table II) The ratio 
of tritium to hydrogen m these metht lene groups is 
thus 1 28 tunes the average value for the alktl sub 
stitueiits The fact that tritium is rather randorah 
distributed m the molecule should make it possible 
to detect any of the products resulting from meta- 
bolic changes in the diol moiety of meprobamate, 
since the label was also demonstrated to be biolog 
ically stable 
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A Chromatographic Examination of the 
Alkaloidai Fraction of Amanita pantherina* 


By L. R. BRADY and V. E. TYLER, Jr. 


^ quantity of oven-dried Atnafiita payithsrhi^ was defatted and extracted ex- 

haustively with 70% ethanol. Purification of this extract yielded a solution which 
contained the total chloroform-soluble alkaloids of the mushroom. Chromato- 
graphic examination of this solution revealed the presence of two compounds giv- 
ing typical alkaloid reactions and a third compound which appeared to be an indole 
derivative. Comparison of Ks values and color reactions of these compounds with 
known alkaloids revealed that neither bufotenine nor hyoscyamine, nor any alka- 
loid giving a positive Vitali-Morin reaction, was present in the extract. 


T he panther fungus, Amanita panlheritta (Fr.) 

Quelet, grows abundantly in western Wash- 
ington where it is responsible for a number of 
cases of mushroom poisoning annually. Col- 
lected in the button stage before the universal veil 
ruptures, the stipe lengthens and the pileus ex- 
pands, it is commonly confused with puffballs and 
even truffles by the layman. Persons who have 
ingested it exhibit sjmiptoms which are not en- 
tirely typical of muscarine poisoning in that they 
experience vivid hallucinations of the type in- 
duced by certain tropane (hyoscyamine, scopola- 
mine) or indole (bufotenine, N,N-dimelhyUryp- 
tamine) alkaloids (1). 

Both of these types of alkaloids have been re- 
ported to occur in /I. ^an/Z/crma. In 1953, Wie- 
land and Motzel (2) claimed to have detected, by 
chromatographic means, the presence of bufoten- 
ine in A. panlhcrina as well as in Amanita mus- 
caria (Fr.) S. F. Gray. These investigators did 
not publish experimental details of this work, and 
the presence of the compound has not been con- 
firmed by others. 

The literature pertaining to pilzatropine, the 
hypothetical alkaloid of A. panthcrina and A. 
muscaria, has been reviewed recently (3). Lewis 
(4) reported in 1955 the isolation of /-hyoscyamine 
from small samples of these two species, ap- 
parently confinning the claims of some previous 
investigators who reported the separation of alka- 
loids with atropine-like activity from the musca- 
rine fraction of these mushrooms. However, a 
year prior to Lewis's report, Kwasniewski (.5) had 
been unable to establish the presence of a base 
with mydriatic activity in much larger quantities 
of A. muscaria. 

Due to the difficulties involved in collecting a 

* Uwivcil December 1.1. IP.'iS, from the Dru(r Tlanl 
l-atmralorj-, CoIIckc of Pharmacy, University of WashinKIon. 
ScaUlc .) 
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initiative 173 I'unds for Research in Biology and 
Medicine 

The authors are indebte,! to Miss MarRurct McKcnny ant! 
Mr } K. U ler for assistance in the ctillecfittn of the mush, 
rttoms nset! m Ibis investiyatinn. 


sufficient quantity of the mushrooms to allow the 
application of classical analytical procedures, it 
was decided to employ existing paper chromato- 
graphic methods suitable for the identification of 
extremely small quantities of the tropane and in- 
dole alkaloids. 

EXPERIMENTAL 

Preparation of the Alkaloidai Extract.— A quan- 
tity of A. panthcrina was collected during the 
winter and spring of 1957-1958 in the vicinity of 
Olympia, Washington, Several of the collections 
were made in areas where people had previously 
obtained panther fungus which, when eaten, pro- 
duced typical hallucinations. The individual speci- 
mens were carefully cleaned, sliced, and dried in a 
forced-air drj'ing oven at 48° for thyee to five days. 
One hundred and sL\ty-fivc pounds of fresh mush- 
rooms yielded seven pounds of oven-dried material. 

The dried fungus was ground to a coarse powder 
it! a Wiley mill, and a 1.5-Kg. quantity was mois- 
tened with petroleum ether and packed in a large 
percolator. Following a maceration period, the 
drug was extracted witli petroleum etiicr which was 
allowed to percolate at a moderate rate until 7.35 L. 
were collected. 

After defatting, the marc was removed from the 
percolator and allowed to air dry. It was then 
moistened with 70% ethanol, repacked in the per- 
colator, allowed to macerate for twenty hours, and 
extracted at a moderate rate with 70% ethanol until 
14 L. were collected. This ethanolic extract was 
concentrated to a thick syrupy liquid at 60° under 
reduced pressure in a Flash-Evaporator. 

The residue was taken up in 2 L, of 1% hydro- 
chloric acid, insoluble resinous matter removed by 
filtration, and the acid filtrate was shaken out with 
four successive 200-ml. portions of cliloroform to 
remove traces of fats and other nonalkaloidal ballast 
materials, .^ftcr separation of the last portion of 
chlorofonn, the aqueous solution was rendered 
distinctly alkaline with ammonium hydroxide and 
extracted with five successive 200-mI. portions of 
chlorofonn. The combined chlorofonn extracts 
were evaporated to a 10-ml. volume at 45° under re- 
duced pressure in a Flash-Evaporator. 

One haU (5 mV) of this crude alkaloidai extract 
«-as purified further by placing it in a separatory 
funnel and extracting with three successive portions 
(5, 3, and 2 ml.) of 2*^/ hydrochloric acid. The 

417 



418 


Journal or the American Pharmaceutical Association V'^ol XLVIII, No 7 


combined acid extract ivas then made alkaline with 
ammonium hydroxide and extracted witli three 
successive portions (2, 2, and 1 ml ) of chloroform 
The combined solution which would contain anv 
chloroform-soluble alkaloids originally present in the 
mushrooms, including the bufotenine and /-hjos- 
C5 amine reported bj previous investigators, was 
subjected to chromatographic anal} sis Each ml 
represented ISO Gm of oven dried plant material 
or approxnnatelv 3 5 Kg of fresh material 

Chromatographic Procedures. — Replicate 100 
/il quantities of the alkaloidal extract prepared ,is 
described above, (equivalent to 350 Gm fresh plant 
material) together with known samples of hvosc}a 
mine, scopolamine, and bufotenine were spotted in 
successiv e 10 jil portions on sheets of Whatman No 
1 filter paper The reference alkaloids w ere applied 
to the sheets singl} and as mixtures with themselves 
and with the extract of the plant m itcrial No 
appreciable diflercnccs in the /</ values of tliealka 
loids were observed under these different conditions 
The sheets were then subjected to ascending forma 
tion w itli a w ash liquid composed of the upper phase 
of a mixture of « butanol glacial acetic acid water 
(4 1 5) After a period of approxiin itch eighteen 
to twent} hours, thev were removed from the 
chrom itograpliie chamber, d.ied, and treated with 
various re igcnts These ineluded (a) Tines and 
Reuther’s modific ition of the DragciidorlT reagent 
(0) a generil reagent forming orange colored spots 
with most alkaloids, (6) I'f eiiiiiamic aldehvde in 
methanol followed b\ exposure to In drocliloric 
.icid vapor (7), givirg orange to pink spots with 
mail} indole derivatives (c) 2^f dunethv 1 iiiiino 
benz ildeliv do m 1 2 V In drocliloric acid (8), which 
forms blue to purple colored spots w itli main indole 
derivatives (d) Paulv s reagent (0), winch reacts to 
form orange or pinkish spots with coiiipoinids con 
taming a phenolic [In droxv' group or with imid 
azoles 

After sprajing with these reagents, three distinct 
spots were observed on the chromatogram of the 
purified alkaloidal extract of A pavthenna, but none 
of them corresponded exactlj in Rf\ allies or m color 
reactions to hjosc} amine, scopolamine, or bufo 
tenine See Table I 

Two spots, apparentlv alkaloidal in character, 
were observed which exhibited 7?/ v'alues in the gen 
eral region of scopolamine and hjosej amine It 


was decided to test these spots to determine if thev 
represented alkaloids of the solanaceous type This 
was carried out by spotting 150 /il quantities of the 
purified alkaloidal extract on paper and chroma 
tographmg as described The areas representing 
the two alkaloidal spots were cut from the paper and 
eluted with ethanol After evaporation of the 
ethanol, the Vitali-Monn test was carried out on the 
residues as described b} Cromwell (10) 

Two additional reagents were employed in an 
attempt to learn something about the nature of the 
compounds which gave the positive tests for alka 
loids Strips were treated with a sodium nitro 
prusside acetaldehjde reagent (11) which gives 
positive reactions with secondao aliphatic and 
.ilicj clic amines and with Konig’s reagent (12) which 
IS useful for detecting pj ndine deriv ativ es 

Since the Rf values of a number of indole deni 
.Hives are quite similar m the butanol acetic acid 
water svstem, it appeared worth while to examine 
the purified alkaloidal extract m a sjstem better 
suited for the separation of these compounds 4 
n propanol-l ammonia (4 1) sjstera was conse 
quentlv emplojed for the examination of the tv 
tract in the same manner described for the previous 
soil cut sv stem Rf \ alues and color reactions oh 
tamed with tins wash liquid are recorded in Table I 

DISCUSSION 

The extract of A panthenna, containing tlie total 
chloroform soluble alkaloids of that plant, was ‘■ub 
jeeted to cliroinatographic examination in a butanol 
.icetie acid water svstem Two spots were obtained 
which gave tvpical alk.aloidal reactions with Thies 
and Reuther’s reagent In addition, a third 
somewhat diffuse spot was present which gave reac 
tions tjpical of the indole nucleus vvitli p dimethji 
aminobeiizaldcliv de as well as a positive reaction 
with Paulv 's reagent, possiblv indicative of a phe 
nolle hjdroxv group No positive reactions were 
observed when the strips were treated with the 
sodium nitroprusside acetaldehv de or with the 
Konig s re.igent, and it was concluded that the un 
known compounds were not secondary amines or 
derivatives of pvridine 

\\ hen subjected to analv sis m a w propanol 1 A 
immonia sjstem, the compounds givung positne 
Tines and Reuther’s reactions apparentl} failed to 


Table I — Color Reactions and R; Talues or Compounds in Alkaloid Fraction of A mamta panthenna 

AND OF Reference Compounds 





— Color Reaction with Reacent 


Identitj 

A\ Rf 

Tines 

Cinnamic 

p DimethjI 


of 

of 

and 

Aldehj de 

aminobenz 


Material 

Spot 

Reuthers 

+ HCl 

aldehj de 

Paul> s 


n Butanol Acetic Acid-Water (4 1 

5) 


Purified alkaloidal 

[0 87 

none 

purple 

blue 

pink 

(a\ +t*0 Ot 

< 0 68 

orange 

none 

none 

none 

CALI clt- L 

(.0 51 

orange 

none 

none 

none 

Hyoscyamme 

0 04 

orange 

none 

none 

none 

Scopolamine 

0 55 

orange 

none 

none 

none 

Bufotenine 

0 41 

orange 

orange 

purple 

orange pink 


«-Propanol 1 At Ammonia (4 1) 



Purified alkaloidal 

jo 86 

orange 

none 

none 

none 

extract 

10 83 

none 

purple 

blue 

pink 

Hj oscyamine 

0 85 

orange 

none 

none 

none 

Scopolamine 

0 80 

orange 

none 

none 

none 

Bufotenine 

0 75 

orange 

orange 

purple 

orange-pink 
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separate since only one such spot was observed. 
The indole derivative again appeared as_ a single 
spot and still gave a positive Pauly’s reaction. 

The Rf values and color reactions of the spots in 
both chromatographic systems failed to correspond 
exactly with those observed for hyoscj’amine and 
bufotenine, the alkaloids previously reported to 
exist in this mushroom. The spots which gave 
typical alkaloid reactions in the butanol-acetic 
acid-water system and which possessed Rf values 
quite similar to hyoscyamine and scopolamine, were 
eluted and subjected to the Vitali-Morin test for 
solanaceous alkaloids. In spite of the sensitivity of 
this reaction which will detect as little as 0.0001 mg. 
of hyoscyamine or scopolamine, the tests were com- 
pletely negative, no purple color being observed. 

Two unidentified compounds possessing general 
alkaloidal solubilities and giving typical alkaloidal 
reactions were shown to be present in trace quanti- 
ties in the sample of A. pantherina investigated. 
A third compound, giving positive reactions for the 
indole nucleus as well as a positive Pauly’s reaction 
was present in the alkaloid fraction. The latter 
constituent failed to give a typical alkaloidal reac- 
tion with Thies and Reuther’s reagent, and the pur- 
ple color which it exhibited with cinnamic aldehyde 
was not typical of simple indole derivatives. On 
the basis of these observations, it was concluded 
that neither bufotenine nor hyoscyamine, nor any 


alkaloid giving a positive Yitali-hlorin reaction and 
which might be designated "pilzatropine.” was pres- 
ent in the alkaloidal extract. These .results are 
in disagreement with those of Lewis and Wieland 
and Motzel. -Although it is possible that the dif- 
ferences may be due to the existence of strains of A . 
panthcrina possessing different biosynthetic abili- 
ties, this remains to be determined by the analysis 
of mushrooms collected in different localities but 
subjected to uniform analytical procedures. 
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Comparative Activities and Toxicides III* 

D-Glucamine and Glycine Derivatives of Nitro and 
Halogenated Benzenes 


By EDWARD G. FELDMANN and WILLIAM O. FOYE 

D-Glucamine and glycine molecules have been introduced into several nitro and 
halogenated benzene derivatives in an attempt to reduce the to.vic effects to the host 
of such compounds. A comparison of the acute toxicities of the two types of deriv- 
atives showed that the sugar group exerted a definite detoxifying effect, whereas the 
glycine and glycine ester groups had linle effect on toxicity. The antibiotic activi- 
ties of w-dinitrobenzene, 2,4-dinitroaniline, and />-nitroaniline were wholly re- 
moved when the D-glucaniine group tvas present in these molecules, but N-{2- 
nitro-4,5-dichlorophenyl)-D-glucamine was found to have a relatively broad anti- 
biotic spectrum. The o-, w-, and />-nitrophenylglycines and their esters revealed 
a rather limited activity against microorganisms. 


ICROIUOLOGICAI, iNiitBiTiONS bv aromatic 
nitro compounds and halides have become a 
subject for serious investigation since the success- 
ful introduction of Chloromycetin and the nitro- 
fnrans as antibacterial a.gciUs. Examples of this 
type of compound that have been studied arc ni- 
trobcnzoic acid derivatives (I), nitroquinoline-s 
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(2), N-arylglycines (3), and a series of simple ni- 
trobenzene derivatives including, in particular, 
m-dinitrobenzene (4) . The metabolism of various 
halogenated nitrobenzenes has also been investi- 
gated (.5). Since the toxicity of these aromatic 
nitro and halogenated compounds to tlie host is 
often considerable, an attempt has been made to 
lower the toxicity of simple aromatic nitro and 
halogenated compounds by the inclusion of sugar 
and amino acid residues in these molecules, and 
perhaps provide a more useful compound of this 
type-. This report describes the results of this at- 
tempt. Previously, sugar and amino acid deriva- 
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Table I. — Acute Intraperitoneal Tonicities of Nitro and Halogenated Benzene Derivatives" 




Dose in 
Mice, 

No, Died^/ 


No 

Comi)ound 

mK./KR. 

No. Used 

Toxic Signs 

1 . 

)»-Dinitrobenzcne 

200 

1/5 

Death in 2 hr. 



400 

4/5 


2. 

2,4-Dinitroauilinc 

200 

0/5 

Death in 24 hr. 



400 

5/5 


3. 

N-(2,4-DinitnJi)henyl)-D-gIucamine 

800 

0/5 


4. 

p-Nitroanilinc 

400 

0/5 

Death in 2 hr. 


800 

5/5 


5. 

N-(4-Nitropbenyl)-D-glucamiuc 

800 

0/5 

None 

6 . 

/?-Bromobcnzaniicjc 

400 

2/5 

Deaths 24-48 hr. 


800 

3/5 

Deaths in 4 hr. 

7. 

N-(4-Brom()bcnzovl)-D-glucauiiue 

800 

0/5 

Lethargy and ataxia 

8. 

N-(2-Nitro-4,5-dichIoropIicnyl)-D-glucainiiie 

400 

0/5 

Deaths delayed 24 hr. 



800 

5/5 


" Determined at the Lilly Research Laboratories by R C Anderson 
Observations were made for one week after single injections of compound 


lives of amino- and nitrosalicylic acids (0) and 
bis-(4-aminophenyl)-sulfone (7) were prepared 
for the same purpose. 

The detoxifying effect of a sugar residue may be 
seen in Table I, where the acute i.p. toxicilies in 
mice are shown for a series of nitro and halogen- 
ated benzenes and their D-glucamine derivatives. 
A consistent lowering of toxicity was observed 
when the glucose residue was included in the 
^-nitroaniline, 2,4-dinitroaniline, and /)-bromo- 
benzamide molecules. Although a limited num- 
ber of examples is presented, the principle of de- 
toxication by introduction of a sugar molecule 
into a toxic compound seems to be satisfactorily 
illustrated. Previous studies, already referred to 
(0, 7), also showed a consistent lowering of acute 
toxicity by introduction of sugars into fairly toxic 
molecules. 

The detoxifying effect of an amino acid residue 
on the nitroaniline molecule was observed after 
preparation of a series of N-nitrophenjd glycines 
and their ethyl esters. As may be seen in Table 
II, no appreciable detoxifying effect on the p-ni- 
troaniline molecule was exerted by inclusion of 
either the glyeine or glycine ester residue. Al- 
though i.p. toxicities were not determined for o- 
and »i-nitroaniline, it is unlikely that they would 
differ a great deal from that of p-nitroaniline. 

The results of antimicrobial screening (agar di- 
lution technique) of the nitrobenzenes and their 
D-glucamine derivatives are shown in Table III. 
A definite narrowing of the antibiotic spectrum is 
evident when wi-dinitrobenzene is converted to 
2,4-dinitroaniline, and all activity disappeared on 
further conversion to N-(2,4-dinitrophenyI)-D- 
glucamine, when testing levels up to 200 ng./ml. 
were used. Similarly, no aetivity was shown by 

N-(4-nitrophenyl)-D-glucamine,andp-bromobenz- 

amide and its D-glucamine derivative were' also 
relatively inactive. However, N-(2-nitro-4,5- 


Table II. — Acute Intraperitoneal Toxicities 
OF XlTROPHENYL GlyCINES" 


No. 

Compound 

LDio -P S. E 
(in Mice), 
mg./Kg. 

9. 

N-(o-iVitrophen vl)-glycine 

469.9 ±45.1 

10. 

N-(m-Nitrophenvi )-glycine 

739.1 ±226.1 

11. 

N-(p-NitropUeny!)-gIycme 

G31.7± 106.5 

12. 

Ethvl N-(o-nitrophenyl)- 

500.0 ±57.0 


glycinate 

13. 

Ethvl N-(wi-nitrophcnyl)- 

524.8 ±84.3 


glvcinatc 

14. 

Ethvl N-(p-nitrophenyl)- 

632 4 ±66.4 


glycinate 


® Determined at the Lilly Research Laboratories by R. C. 
Anderson. 


dichlorophenyl)-D-glucamine was found to have a 
relatively good antibiotic spectrum, and it showed 
an appreciable activity against mj'cobacteria. 
This activity did not remain when the compound 
was tested against tuberculosis in mice, unfor- 
tunately. The acute i.p. toxicit}' of this deriva- 
tive was not much greater than that of the other 
nitrophenyl-D-glucamine derivatives tested. An- 
tiviral tests were also carried out with the 4-nitro- 
phenyl, 2,4-dinitrophenyl, 4-bromobenzoyl, and 
2-nitro-4,5-dichlorophenyl D-glueamines, and all 
four compounds were ineffeetive against two types 
of virus in miee. 

Antimicrobial screening of the N-(nitroaod)' 
glycines and their esters revealed a rather limited 
activity against microorganisms. This is evident 
from Table IV, where only test organisms which 
were inhibited are listed. The esters in general 
showed a somewhat broader spectrum than the 
free acids, although in neither case did the breadth 
of activity approach that of the most successful 
D-glucamine derivative. It is interesting to note 
that N-(wi-nitrophen3d)-glycine showed no ac- 
tivity whatsoever, and it has also been shown that 
the ;«-nitrophenyl halides are metabolized in a 
different manner than the o- and p-isomers (5)- 
Some other sugar derivatives, prepared for a pre- 
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Table III. — ^Antibiotic Spectra of Nitro and 
Halogenated Benzene Derivatitos" 



Inhibitory Concentration 


us *■ 



. — Compd. No — . 

Test Organism 

1 2 G 

8 

Staphylococcus atneus 


50 

Staphylococcus albus 


50 

Bacillus subtilis 

200 200 

6 25 

Mycobacleriiim phici 

200 

0 2 

Mycobacterium 



tuberculosis 

200 200 

0 2 

Mycoboctermm avtutn 

200 200 

3 13 

Escherichia coli 


200 

Proteus vulgaris 

200 

100 

Pseudomonas aeruginosa 


200 

Aerobactci acrogenes 


>200 

Klebsiella pneumoniae 


200 

Salmonella enteritidis 


>200 

Shigella pnradysenteriae 

50 

25 

Saccharomyces pastorianiis 

100 

25 

Candida albicans 

so 

100 

Trichophyton rnbriim 

m 200 . 

12 5 

T riclwphyton inlcrdigitale 

200 200 

12 5 

Brucella bronchiscplica 

200 

200 

Vibrio metsclmikovii 

200 

50 

Erwtnia amylovora 

200 200 

200 

Agrobaclmum tumcjaciens 

100 200 

200 

Xanthomonas campestris 

200 200 

200 

Xanthomonas mahacearum 

t c 

200 

Xanthomonas phaseali 

< e 

200 

Pseudomonas 



solanacearum 

so ^ 

200 

Pseudomonas syrtngas 

>200 . 

>200 

Carynebacterium 



insidtosum 

100 

200 

Carynebacterium 



scpodontcum 

100 ' 

100 

Aspergillus niger 

10 200 200 

50 

Ustilago nvcnac 

100 ' 

50 

Altcrnaria solani 

c c 

SO 

CcratostomcUa fimbriata 

100 . 200 

50 

Fiisarium montliforiiie 

>200 

50 

Fusarium oxysporiim 



lycopersici 

200 200 

200 

Colletotrichum gossypit 

10 ' 

50 

GhmercUn siiigulala 

so 

50 

VerhciHium albo-attum 

100 200 

50 

Sclerotium balalicola 

C f 

r 


® Carried oul nt the Lilly Rcse.rrch Laboratories by F 
Komanti 

^ The ftRsir diUition tcclinitjiic was used, the bacteria bcinR 
observed for forty'Ci;:hi hour*;, and the bacterial and fun^a! 
plant pathogens for sc\cniy-t«o hours 

® Test organism did not gro«' sufficiently ncU to establish 
an end point Where no inhibitorj' concentration is reported 
the organism was not nffccted b)’ X’OO /ml 


vious inve.sli[;ation (0). namely l,2,5,()-di-0- 
isopropylidenc - 3 - (2 - benzyloxy - 4 - nitroben- 
zo\'])-D-Klucofuranosc, inonoacctoiic glucose, and 
diacetonc glucose, were found to be devoid of ac- 
livily in the antimicrobial screening test em- 
ployed. 

It may be concluded from these comparisons 
that the introduction of a glucose residue into a 
nitrobenzene derivative generally lowers tbc acute 
toxicity tr) a considerable extent The relative 
position of the nitro group in a mononitro com 
liDund appears to have little cffcci on the toxicitv 
The antimicrobial activity of nitrobenzene denva 
lives was found to undergo considerable ebange 


Table IV. — Antibiotic Spectra of Xitrophenvl 
Glycines'’ 


Inhibitorj’ Concentration, 
M&/ml t 

Corapd No 


Test Organism 

9 

11 

12 

13 

H 

Mycobacterium phlei 



200 



Mycobacterium 






tuberculosis 



200 

200 


Mycobacterium avium 



200 

200 


A grobacterinm 






tumejaciens 



200 



Xanthomonas 






malvacearum 

200 

200 

200 

200 


Xanthomonas phascolt 




200 


CorynebactcriuiH 






insidtosum 


200 



200 

Corynebacteri u m 






sepodontcum 

200 

200 

200 

200 

200 

Aspergillus niger 



200 



Ustilago avenae 

200 

200 

200 

200 

200 

Altcrnaria oleracea 

200 

200 

200 

200 

200 


® Carried out at the I^illy Research Laboratories bj Sue 
Burden 

b The same footnote applies here as for Table HI 

with the introduction of a detoxifying group, and 
this activity is apparently a structurally specific 
effect and not a general one for nitro aromatics. 
The combination of nitro and halogen groups in 
the same molecule gave a superior antibiotic spec- 
trum to that of molecules containing either nitro 
or halogen groups alone, 

METHODS OF PREPARATION 

The D-glucamine derivatives were obtained from 
the reaction of D-glucamine with nitroarj'I halides, 
such as 2,4-dinitrochIorobenzenc and l,2-dich!orQ- 
4,5-dinitrobenzene. This reaction has been described 
previously (S), and was found to give primarj' aro- 
matic amines more often than D-glucamine deriva- 
tives, but it was possible to obtain the N-4-nitro- 
phcnyl, N-2,4-dinitrophcnyl, and X-2-nitro-4,S- 
dichlorophenyl D-glucamincs by tliis method using 
either pyridine or ethanol-sodium acetate as solvent. 

Preparation of the nitrophcnj’lglycincs was first 
attempted with the reaction of the respective iiitro- 
plienyl chlorides with glycine in the presence of 
pyridine. The reaction inixtiirc, after refluxing, 
shoived considerable decomposition, and pure prod- 
ucts were not isolated. 

Reaction of nitroanilincs with chloroacetic acid in 
aqueous sodium acetate solution, howeser, gave low 
yields of products which were increased by varying 
reaction conditions Isolation and purification of 
the crude products was achieved by conversion to 
the water-soluble sodium salts and reconversion to 
the insoluble acids, folloucd by rccrj-stidlization. 
The nitrophcnyIgIycinc.s acre easily converted to 
ethyl esters 

EXPERIMENTAL 

The melting poinLs acre taben on a I'islicr-Jolms 
block abich gave correct values for a set of f S P 
melting point standards Analyses acre carried oul 
,it the Weilcr and Strauss Micrmn.a1vtic.il I,al>e,- 
r.itors . Oxford, Engkind 
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Table I. — Acute Intraperitoneal Tonicities of Nitro and Halogenated Benzene Derivatives" 




Dose in 


.... 



Mice, 

No. Died^/ 


No 

Compound 

mg./KK 

No. Used 

Toxic SigBS 

1 . 

«i-Dinitrobenzcnc 

200 

1/5 

Death in 2 hr. 



400 

4/5 


2, 

2,4-Dinitroanilinc 

200 

0/5 

Death in 24 hr. 



400 

5/5 


3. 

N-(2,4-Dinitroplicnj-l)-D-gIucaininc 

800 

0/5 


4. 

p-ISTtroaniline 

400 

0/5 

Death in 2 hr. 



800 

5/5 


5. 

N-(4-Nitrophcnyl)-D-glucamine 

800 

0/5 

None 

6 . 

p-Broniobenzainide 

400 

2/5 

Deaths 24-48 hr. 



800 

3/5 

Deaths in 4 hr. 

7. 

N-(4-Broiniibeiizoyl)-D-glucainine 

800 

0/5 

Lethargy and ataxia 

8. 

N-(2-Nitro-4,S-dicblorophciiyl)-D-glucainiiic 

400 

n/5 

Dca thsdelaj’ed 24 hr. 



800 

5/5 



** Determined at the Lilly Research Laboratories by R. C AntJerson 
A Observations were made for one week after sinRlc injections of compound 


tives of amino- and nitrosalicylic acids ((>) and 
bis-(4-aniinophenyl)-sulfone (7) were prepared 
for the same purpose. 

The detoxifving effect of a sugar residue may he 
seen in Table I, where the acute i.p. toxicities in 
mice are shown for a series of nitro and halogen- 
ated benzenes and their n-glucamine derivatives. 
A consistent lowering of toxicity was observed 
when the glucose residue was included in the 
^-nitroaniline, 2,4'dinitroaniline, and ^-bromo- 
benzamide molecules. Although a limited num- 
ber of examples is presented, the principle of de- 
toxication by introduction of a sugar molecule 
into a toxic compound seems to be satisfactorily 
illustrated. Previous studies, already referred to 
(0, 7), also showed a consistent lowering of acute 
toxicity by introduction of sugars into fairlj' toxic 
molecules. 

The detoxifying effect of an amino acid residue 
on tlie nitroaniline molecule was observed after 
preparation of a series of N-nitrophenyl glycines 
and their ethyl esters. As may be seen in Table 
II, no appreciable detoxif 3 dng effect on the p-m- 
troaniline molecule was exerted bj' inclusion of 
either the glycine or glycine ester residue. Al- 
though i.p. toxicities were not determined for o- 
and «i-nitroaniline, it is unlikelv that thej’ would 
differ a great deal from that of f)-nitroaniline. 

The results of antimicrobial screening (agar di- 
lution technique) of the nitrobenzenes and their 
D-glucamine derivatives are shown in Table III. 
A definite narrowing of the antibiotic spectrum is 
evident when w-dinitrobenzene is converted to 
2,4-dinitroaniline, and all activity disappeared on 
further conversion to N-(2,4-dinitrophenyl)-D- 
glucamine, when testing levels up to 200 ng-/ml. 
were used. Similarly, no activity was shown by 
N-(4-nitrophenyl)-D-glucamine, andp-bromobenz- 
amide and its D-glucamine derivative were' also 
relatively inactive. However, N-(2-nitro-4,5- 


Table II.— Acute Intraperitoneal Toxicities 
OF Nitrophenyl Glycines" 


No, 

Compound 

LDi, -f S. E. 
{in Mice), 
mg./Kg 

9. 

N-(p-XitrophcnvI)-gl\"cine 

469.9 ±45.1 

10. 

N-(wi-Nitroplicnvi)-gIvcine 

739.1 ±226.1 

11. 

N-(/>-N'itrophenvI )-gIvcine 

631.7 ± 106.5 

12. 

Ethyl N-Co-nitrophenyll- 

500.0 ±57.0 


glvcinate 

13. 

Ethyl N-(m-nitrophenyl)- 

524.8 ± 84.3 


glvcinate 

14. 

Ethyl N-(/>-nitrophenvl)- 

632.4 ±66.4 


glvcinate 


" Detcrmincti .'ll the Lilly Research Laboratories by R. C 
Anderson 


dichIorophenyl)-D-glucamine was found to have a 
relatively good antibiotic spectrum, and it showed 
an appreciable activity against mycobacteria. 
This activity did not remain when the compound 
was tested against tuberculosis in mice, unfor- 
tunatel}'. The acute i.p. toxicity of this deriva- 
tive was not much greater than that of the other 
nitrophenyl-D-glucamine derivatives tested. An- 
tiviral tests were also carried out ivith the 4-nitro' 
phenj’l, 2,4-dinitrophemd, 4-bromobenzoyl, and 
2-nitro-4,5-dichlorophen3'l D-glucamines, and all 
four compounds were ineffective against two types 
of virus in mice. 

Antimicrobial screening of the N-fnitroarj’l)- 
gljmines and their esters revealed a rather limited 
activity' against microorganisms. This is evident 
from Table lA'^, where onlj"^ test organisms which 
were inhibited are listed. The esters in general 
showed a somewhat broader spectrum than the 
free acids, although in neither case did the breadth 
of activity approach that of the most successful 
D-glucamine derivative. It is interesting to note 
that N-(w-nitrophen 3 'l) -glycine showed no ac- 
tivity whatsoever, and it has also been shown that 
the w-nitrophen}-! halides are metabolized in^a 
different manner than the o- and p-isomers (o)- 
Some other sugar derivatives, prepared for a ptc- 
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Table III — Antibiotic Spectra of Kitro and 
Halogenated Benzene Derivatitcs'' 


Inhifaitorj Concentration 


Test Organism 1 2 6 


Staphylococcus ainciis 
Staphylococcus albus 

200 200 

50 

50 

Bacillus subtilts 

6 25 

Mycobacterium phlci 

200 

0 2 

Mycobacterium ^ ^ 

tuberculosis 

200 200 

0 E 

Mycobacterium avium 
Escherichia coir 

200 200 

3 13 
200 

Proteus vulgaris 
Pseudomonas aeruginosa 
Acrohactei acrogencs 
Klebsiella pneumoniae 
Salmonella enteritidis 

200 

100 

200 

>200 

200 

>200 

Shigella paradysenteriae 

50 

25 

Saccharomyces pastorianus 

100 

25 

Candida albicans 

50 

100 

Trichophyton rubrtim 

.50 200 

12 5 

Trichophyton interdigitalc 

200 200 

12 5 

Brucella bronchiseplica 

200 

200 

Vibrio melschmkovii 

200 

50 

Enatnia amylovora 

200 200 

200 

Agrobactenum tumcfaciens 

100 200 

200 

Xanlhomonas campestris 

200 200 

200 

Xanthamonas malvacearum 

c c 

200 

Xantlwmonas pltaseoh 

c e 

200 

Pseudomonas 

solanaccarum 

so ' 

200 

Pseudomonas synngas 

>200 

>200 

Caryncbaclenttm 

uisidtosum 

100 

200 

Coryncbacicrium 

scpodontcum 

100 ' 

100 

Aspergillus nigcr 

10 200 

200 60 

Uslilago avenae 

100 ' 

50 

Alternaria solant 

€ e 

50 

Ccratoslomclla fimbrmta 

100 

200 50 

Fiisartum monthformc 

>200 

50 

Fusarmm ovysporum 

lycopersict 

200 200 

200 

CoUclotrichum goisypit 

10 ' 

50 

Ghwerella singiilata 

50 

50 

Veriicillium albo-atium 

100 200 

50 

Sclcrotium balaticola 

c c 

C 


“ Carried out at the Lill> Research Laboratories by F 
Koni'inn 

The agir dilution technique v,as used, the bactena betnR 
obscr\ed for fortj eight hours, and the bacteml and fungal 
pathogens for -Jeventi-two hours 
* Test organism did not grow sufhcient]) uell to establish 
an end point Wlicrc no inhibitory concentration is reported 
the organism uas not affected b> 200 pg /ml 


vioiis investigation (0), natnel_v 1,2,5,6'di-O- 
isopropylidcne - H - (2 - benzyloxy - 4 - nitroben- 
zoyl)-D-gliicofiiranosc, inonoacetone glucose, and 
diacclone glucose, were found to be devoid of ac- 
tivity in tlic antimicrobial screening test em- 
ployed 

It may be concluded from these comparisons 
that tbe introduction of a glucose residue into a 
mlrobcnzcnc derivative generally lowers the acute 
toxicity to a considerable extent The relative 
lioMlion of the nilro group in a mononitro com- 
pound appears to have little effect on the toxicity 
The antimicrobial activity of nitrobenzene denva- 
li\es was found to undergo considerable change 


Table IV — ^Antibiotic Spectra of Xitrophenyl 
Glycines" 


Inhibitors' Concentration, 
ng /ml 



— - 

Compd K 

o — — 


Test Organism 

9 

u 

12 

13 

14 

Mycobacterium phlei 



200 



Mycobacterium 






Ittbcrctilosis 



200 

200 


Mycobacterium avium 



200 

200 


Agrobactenum 






lumefaciens 



200 



Xanthomonas 






mahacearum 

200 

200 

200 

200 


Xanlhomonas phasioh 




200 


Coryncbaclenum 






tnsidtosum 


200 



200 

Corynebacteri u m 






sepodoiiictim 

200 

200 

200 

200 

200 

Aspergillus ntger 



200 



Ustilagoaienae 

200 

200 

200 

200 

200 

Alternaria olcracea 

200 

200 

200 

200 

200 


“ Carried out at the I iHj Research Laboratories bj Sue 
urden 

h The same footnote applies here as for Table III 


with the introduction of a detoxifying group, and 
this activity is apparentfy a structurally specific 
effect and not a general one for nitro aromatics. 
The combination of nitro and halogen groups in 
the same molecule gave a superior antibiotic spec- 
trum to that of molecules containing either nitro 
or halogen groups alone. 

METHODS OF PREPARATION 

The D-glucamine derivatives were obtained from 
the reaction of n-glucamine with nitroaryl halides, 
such as 2,4-dinitrochIorobenzene and 1,2-dichIoro- 
4, 5-dinitrobenzene. This reaction has been described 
previously (8), and was found to give priraarj' aro- 
matic amines more often than D-glucamme deriva- 
tives, but it was possible to obtain the N-4-nitro- 
phenyl, N-2,4-dinitropIieny!, and N-2-mtro-4,5- 
diclilorophenyl D-glucamines by this method using 
either pyridine or ethanol-sodium acetate as solvent. 

Preparation of the nitrophenvlglycines was first 
attempted with the reaction of the respective nitro- 
phen}l chlorides with glycine in the presence of 
pjTidine The reaction mixture, after refluxing, 
showed considerable decomposition, and pure prod- 
ucts were not isolated. 

Reaction of nitroanilines with chloroacetic acid in 
aqueous sodium acetate solution, however, gave low 
yields of products which were increased by varj'ing 
reaction conditions Isolation and purification of 
the crude products was achieved by conversion to 
the water-soluble sodium salts and reconversion to 
the insoluble acids, followed by recrj'stallizatioii. 
The nitrophenylglycines were easily converted to 
ethyl esters 

EXPERIMENTAL 

The iiieltiiig points were taken on a Fishcr-Johns 
block wliich gave correct values for a set of U. S P. 
mcHiiig point sUandards An.alyscs w ere carried out 
at the Weiler and Strauss Microanalvtical Labo- 
ratorj . Oxford. England. 
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The preparation of P glucamine, N (4 nitro 
phenyl)-D glucamine, and N-(2,4-dinitroplienjI) d 
glucamine have already been reported (8) The 
preparation of N (2 intro 4,5 dichlorophenjl) D glu 
camine was carried out according to the method of 
Holly, cl a! (9), and a 52% yield of product melting 
at 188-191° was obtained (Hollj reported a m p of 
193-195°) 

p-Bromobenzamide. — /> Bromobcnzoic acid uas 
prepared in 82% jield using the incthod of Chiaiig 
and Tseng (10), m p 240-250° (lit (10) m p 251- 
253°) /)-Bromobenzamidc was prepared b\ con- 
version of /> bromobcnzoic acid to the aci 1 chloride 
using a large c\cess of tliionj 1 chloride according 
to the procedure of l\Ie3cr (11) This was then 
converted to the amide using concentrated amnio 
mum lij'droNidc according to the method of Schotten 
(12) After recrj stalhz ition from aqueous ethanol, 
the overall 3 leld from the acid was 47%, III p 180 
188° (ht (12) ni p 189°) 

rf-(4-Bromobenzoyl)-D-glucamine n Gliieiimne 
(10 0 Gin, 0 055 mole) and /) broniobcn/oic acid 
(5 0 Gm , 0 025 mole) were placed in a flask with 15 
ml of anl^drous pvridine Tlie niivtiirc was re 
fliiNcd for eighteen hours, and the resulting solution 
was diluted with 15 ml of water and steam distilled 
until 250 ml of distillate was collected The re 
niaming solution was concentrated to about 20 ml 
and chilled A small qu intitv of precipitate was 
recr3 stalhzed from methanol to give 0 2 Gm of 
white powder, m p 207 208° This material gav c 
a positive test for halogen and was not soluble in 
sodium hvdroNidc solution Repeated rccrvstalli- 
zation from methanol failed to raise the m p appre 
ciabl3 

Al«o/— Calcd for C.jH.sHOcBr C, 42.87 H, 
4 98 Found C, 42 85, II, 5 02 

N-Co-NitrophenyH-glycine — A mivturc of o nitro 
aniline (16 0 Gm , 0 110 mole), sodium acetate tri 
hydrate (50 0 Gm , 0 368 mole), and water (200 ml ) 
was heated to boiling, and a solution of 32 Gm 
(0 339 mole) of chloroacctic acid in 60 ml of water 
was introduced, dropwise, over a period of two hours 
Heating and stirring were continued for another 
hour, and the solution was adjusted to a pH of 9 
using ammonium hy drovide solution After cooling 
overnight, the reaction mixture w is filtered, the 
filtrate acidified, and the precipitate collected 
The residue first collected was extracted with 4% 
ammonia, and the extracts w ere .icidified The 
resulting precipitate was combined with the prevaous 
product from acidification, and the combined prod 
uct was dissolved in aqueous ammonia, filtered, and 
reprecipitated with acid The product was washed 
repeatedly with water, and further purified by re 


precipitation and recrystallization from hot water 
to give 1 65 Gm (7%) of deep orange platelets, 
m p 196-199° (ht (13) mp 192-193°) 

Ethyl N-(o-Nitrophenyl)-glycinate — A mixture 
of 1 SGiii (0 009 mole) of N (n-nitrophenyl) glycine 
15 ml of absolute ethanol, and 1 ml of concentrated 
sulfuric acid was refluxed for four hours A portion 
of the alcohol was distilled, an excess of aqueous 
immonia was added to the cooled residue, and the 
resulting solid was filtered and washed with dilute 
iinmoni.i .ind water Recrystallization from abso 
lute ethanol gave 2 0 Gni (97%) of fine yellow 
needles, m p 80 81° 

/l«n/— Calcd for CioHi-H.Oi C, 53 56, H, 5 40 
round C, .53 65, H, 5 65 
N-(m-Nitrophenyl)-glycine. — This compound was 
prepared bv the same procedure as used for the 
nrlho isomer A 47% vield of vellovv crystalline 
powder w.is obt.iincd, m p 155-159° (ht (14) m p 
1.58-159°) 

Ethyl N-(m-Nitrophenyl)-glycinate — Tins ester 
w.is prep ircd bv the s line procedure as used for the 
ortho isomer A 72% vield of golden platelets was 
obtained, m p 86-88° (lit (15) m p 84°) 

N-(p-Nitrophenyl)-glycme. — The same general 
procedure was used as for the ortho isomer A 32% 
vtcld of j'ellow , crvstalhne powder was obtained, 
111 p 230-232° (ht (14) mp 225°) 

Ethyl N-(p-Nitrophenyl)'glycmate. — The same 
procedure was used as for the ortho isomer A 90% 
vield of light yellow needles was obtained, m p 
138 5 140° 

zliia/ — Calcd for C.oHrX-Oi C, .53 56, H, 5 40 
round C, 53 33, H, 5 42 
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A Note on the Preliminary Phytochemical and Biological 
Study of homatium Snksdorfii^ 

By FRANK A. PETTlNATOt, LOUIS FISCHER, and NATHAN A. HALL 


L omahiim Suksdorfii (Watson) Coult. and Rose, 
Vmlelhferae, grows along the Columbia River 
in the state of Washington and is one of about SO spe- 
cies of Lomaiinm * The roots of several species were 
used medicinallj' by the Gosiute Indians who called 
the plant “p'a-a-na-tsu” or "great medicine" (2) 
The roots of two species have been reported to yield 
oils and extractives which it ere active antibacterials 
in intro against numerous microorganisms (3-5) In 
the fuits of L Suksdorfii, Call (6) has found an oil 
and a crystalline substance u hich u as an active spas- 
molytic 

The work reported here was undertaken in prep- 
aration for a more exhaustive study of the compo- 
nents of the fruits and roots of the plant The plant 
material was collected in July 1956 near Klickitat, 
Washington, dried in air, and ground w ith a Wiley 
mill (l-ram screen) immediately before use The 
ground fruit and root were submitted to proximate 
analysis (see Table I) Both plant parts, when sub- 
jected to a glycoside extraction technique (7) pro- 
duced a small amount of crystalline residue which 
was not further characterized All tests for alka- 
loids w ere negative 


Tahlc I — Proximate Analysis of 
L Suksdorfii 



Root, 

rruit. 


%” 


Moisture 

7 S 

7 0 

Total ash 

9 7 

i i 

Acid insoluble ash 

2 .3 

0 30 

Reducing sugars 
(as invert sugar) 

1 5 

Trace 

Sucrose 

3 6 

3 8 

Starch 

11 0 

n 0 

Nitrogen 

(Kjcldalil) 

0 8.3 

0 31 

Protein 
(N X 6 2.5) 

5 2 

2 5 


Based on air dried weight 


The ground root on steam distillation jiclded 
(I 39?c volatile oil and the ground fruit yielded 3 7'J 
volatile oil Determination of the plu sica! constants 


•Ucciwcd hciucmlicr O, 1958, from tla College ot Fliar 
inncj , Uni\ crs,t> of W.ssliinglon. Se-illle 5 

SHpportcil in inrt br the I iinil for Medical and Iliological 
Uescarcll of tbc slate of Wasliinglon 

t Present address School of Plnrmacs . Montana State 
Uimersitv , Missoula 

1 Considerable confusion regarding tlic genus Lomattum 
exists in the literature Altlioiigli tlic term laimatiiim is 
ciirrcntlx ncecptetl, the genus lias been inrioiisli designated 
as fVnerdaiinni, rogsur/lin and I.rrtatama (1) bpceimtns 
Here identified b> Dr A 1 KrilcXcberg. .Unit ersitt of 
Washington and Dr 1 incoln Constance, IJniicrsits of Cab 
forma, nliosc assistance is gratcfiill> acknonlcdged 


and chemical analysis of the fruit oil gave the results 
show n in Table II 


Table H — Physical and Chemical Properties or 
L. Suksdorfii Oil 


Specific grax-ity, 25'’/25° 

0 8435 

Refractive index, 23° 

1 4808 

Optical rotation, 25° 

47 50 

Acid number 

0 42 

Ester number 

3 5 

Ester number (after acetx-latiou) 

13 4 

Esters (as bornjd acetate) 

1 29"c 

Alcohols (as borneol) 

3 7^c 

Aldehx'des and ketones 

(by neutral sulfite method) 

4 5<~c 

Aldehydes and ketones 

(bx- hx-droxx lamine method, assuin- 

ing average M W. of 150) 

2 2Tc 


The fruit oil was tested for antibacterial activity 
against growing cultures of Micrococcus aureus var. 
pyogenes, Bacillus subtilis, Escherichia coh. Strepto- 
coccus piogcncs, and Proteus vulgaris by the filter 
paper disk method of I’mccnt and Vincent (S) 
Simultaneous comparisons were made with cinna- 
mon, eucalyptus, and rectified turpentine oils L 
Suksdorfii oil exhibited no significant activity against 
anv of the organisms except B subtilis and 5 P}a- 
gencs, and m these cases the activity wtis no greater 
than the oils used for comparison 
The volatile oil from the fruit was also screened in 
vitro for anthelmintic activitj against .1 scans luinbri- 
cotdes of swine by the Lamson and Brown procedure 
(9) When it was emulsified with 0 2^7 acacia, / 
Suksdorfii oil was ascaricidal in 49f concentration 
.ifter a two-hour exposure period JIueh greater 
activit} was shown bi other anthelmintics used for 
comparison, hexx Ircsorcniol (0 was ascaricidal 
after a two-niiniite exposure and cheiiopodium oil 
was ascaricidal after a ten-minute exposure 

Detailed nncstigatioii of the oil from the fruit will 
be reported in a subsequent paper 
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The preparation of D-glucamine, N-(4-nitro- 
phenyl)-D-gIucamine, and N-(2,4-dinitrophenyl)-D- 
glucamine have already been reported (8). The 
preparation of N-(2-nitro-4,6-dichlorophenj’l)-D-gIu- 
camine was carried out according to the method of 
Holly, ct al. (9), and a 52% yield of product melting 
at 188-191° was obtained (H0II5' reported a m p of 
193-195°). 

p-Bromobenzamide. — />-Bromobcnzoic acid was 
prepared in 82% yield using the method of Chiang 
and Tseng (10); m. p. 240-250° (lit (10) m p 251- 
253°). /<-Bromobenzamide was prepared by con- 
version of /.>-bromobcnzoic acid to the acyl chloride 
using a large excess of thionyl chloride according 
to the procedure of Meyer (11) This was then 
conv'erted to the amide using concentrated ammo- 
nium hydroxide according to the method of Schotten 
(12). After recrystallization from aqueous ethanol, 
the overall }-ield from the acid was 47%, m p 180- 
188°(lit.(12)m.p 189°). 

N-(4-Bromobenzoyl )-D-glucamine. -D-Gliicamine 
(10 0 Gm., 0.055 mole) and /i-bromobcnzoic acid 
(5 0 Gm , 0 025 mole) were placed in a flask with 15 
ml of anhydrous pyridine The mixture was re- 
fluxed for eighteen hours, and the resulting solution 
was diluted with 15 ml of water and steam distilled 
until 250 ml of distillate was collected The re- 
maining solution was concentrated to about 20 ml 
and chilled A small quantity of [irecipitate was 
reerystallizcd from methanol to give 0.2 Gm. of 
white powder, m. p 207-208°. This material gave 
a positive test for halogen and was not soluble in 
sodium hydroxide solution. Repeated rccrystalli- 
zation from methanol failed to raise the m p. appre- 
ciably. 

Ami— Calcd. for CuHnXOoBr; C, 42 87; H, 
4.98. Found: C, 42 85; H, 5 02. 

N-(o-Nitrophenyl)-glycine. — A mixture of o-nitro- 
aniline (16 0 Gm , 0.116 mole), sodium acetate tri- 
hydrate (50 0 Gm , 0 368 mole), and water (200 ml ) 
was heated to boiling, and a solution of 32 Gm 
(0 339 mole) of chloroacetic acid in 60 ml of water 
was introduced, dropwise, over a period of two hours 
Heating and stirring were continued for another 
hour, and the solution was adjusted to a pH of 9 
using ammonium hydroxide solution After cooling 
overnight, the reaction mixture was filtered, the 
filtrate acidified, and the precipitate collected 
The residue first collected was extracted with 4% 
ammonia, and the extracts were acidified The 
resulting precipitate was combined with the previous 
product from acidification, and the combined prod- 
uct was dissolved in aqueous ammonia, filtered, and 
reprecipitated w'ith acid. The produet W’as ivashed 
repeatedly with water, and further purified by re- 


precipitation and recrystallization from hot water 
to give 1.65 Gm. (7%) of deep orange platelets, 
in. p. 196-199° (lit. (13) m.p. 192-193°). 

Ethyl N-(o-Nitrophenyl)-glycinate. — A mixture 
of 1 8 Gm (0 009 mole) of N-(o-nitrophenyl)-glycine, 
15 ml of absolute ethanol, and 1 ml, of concentrated 
sulfuric acid was refluxed for four hours. A portion 
of the alcohol was distilled, an excess of aqueous 
ammonia was added to the cooled residue, and the 
resulting solid was filtered and washed with dilute 
ammonia and ivaler. Recrystallization from abso- 
lute ethanol ga\m 2.0 Gm (97%) of fine yellow 
needles, m p 80-81° 

/I «<!/.— Calcd. for C, oH, 1X204 • C, 53 56; H, 5.40. 
Found :C, 53 05; H, 5.65. 

N-(m-Nitrophenyl)-glycine. — This compound teas 
prepared by the same procedure as used for the 
ortho isomer. A 47% yield of yellow crystalline 
powder was obtained, in p 155-159° (lit (14) m.p 
158-159°) 

Ethyl N-(m-Nitrophenyl)-glycinate. — This ester 
W'as prepared by the same proeedure as used for the 
ortho isomer A 72% yield of golden platelets was 
obtained, m p. 86-88° (lit (15) m.p 84°) 

N-(p-Nitrophenyl)-glycine. — The same general 
procedure was used as for the ortho isomer. A 32% 
yield of yellow, cr\’sfallinc powder w'as obtained, 
m p 2.30-232° (lit (14)mp. 225°) 

Ethyl N-(p-Nitrophenyl)-glycinate. — The same 
procedure w as used as for the ortho isomer. A 96% 
vield of light yellow needles was obtained, m p 
138 5-140° 

Amt — Calcd for CioHi-X-Oj: C, 53.56; H, 5.40 
Found: C, 53 33; H, 5.42. 
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A Note on the Preliminary Phytochemical and Biological 
Study of Lomatium Suksdorfii* 

By FRANK A. PETTINATOf, LOUIS FISCHER, and NATHAN A. HALL 


L omatium Suksdorfii (Watson) Coult. and Rose, 
Umbelliferae, grows along the Columbia River 
in the state of Washington and is one of about 80 spe- 
cies of Lomatium.^ The roots of several species were 
used medicinally by the Gosiute Indians who called 
the plant “pia-a-na-tsu” or "great medicine” (2), 
The roots of two species have been reported to yield 
oils and extractives which were active antibacterials 
in titfro against numerous microorganisms (3-5). In 
the fuits of L. Suksdorfii, Call (6) has found an oil 
and a crystalline substance which was an active spas- 
molytic. 

The work reported here was undertaken in prep- 
aration for a more exhaustive study of the compo- 
nents of the fruits and roots of the plant. The plant 
material was collected in July 1958 near Klickitat, 
Washington, dried in air, and ground with a Wiley 
mill (1-ram. screen) immediately before use. The 
ground fruit and root were submitted to proximate 
analysis (see Table I). Both plant parts, when sub- 
jected to a glycoside extraction technique (7) pro- 
duced a small amount of crystalline residue which 
was not further characterized. All tests for alka- 
loids were negative. 


Table I. — Proximate Analvsis of 
L, Suksdorfii 



Root, 

Fruit, 


%• 

%“ 

Moisture 

7.8 

7.0 

Total ash 

9 7 

/ . i 

Acid insoluble ash 

2 3 

0 30 

Reducing sugars 
(as invert sugar) 

1 5 

Trace 

Sucrose 

3 6 

3.8 

Starch 

11 6 

11.0 

Nitrogen 

(Kjcldahl) 

0 83 

0 31 

Protein 
(N X 0.26) 

S 2 

2.5 


” Bavetl on mr-drjctl wcjkIU. 


Tlic grouiul root on steam cUstillation yielded 
tl.30% volatile oil and tlic ground fruit yielded 3.7% 
volatile oil Dcterniinatioii of the physical constants 


* Received Scplcmher P. U>58, from the CoUckc of Phar- 
inncy. University of Wnshington, Seattle r? 

Supported in part by the 1‘und for Medical and Biological 
Ucscarclj of the state of WnshinRton 

t Present address School of Pharmacy, Montana Stale 
University, Missoula 

‘ Considerable confusion rejiarding the cenus Lemahuvt 
exists in the literature AlthouRh the term Lomatium is 
currently ncccplcd. the Rcnus has been variously dcsignatei! 
as Vcutfdanuvu and I.rf>iotattta (1) Specimens 

J'Jentified by Dr A K KruckeberK, ^University of 
\\ashinKton and Dr Lincoln Constance. University of Cali- 
forma, mIiosc assistance is gralefiilly acknowledged. 


and chemical analysis of the fruit oil gave the results 
shown in Table II. 


Table II. — Physical and Cheihcal Properties of 
L. Suksdorfii Oil 


Specific gravity, 25°/25° 

0.8435 

Refractive index, 23° 

1.4808 

Optical rotation, 25° 

47.50 

Acid number 

0 42 

Ester number 

3.5 

Ester number (after acetylation) 

13 4 

Esters (as bornyl acetate) 

1 2% 

Alcohols (as borneol) 

3 7% 

Aldehydes and ketones 


(by neutral sulfite method) 

4.5% 

Aldehvdes and ketones 


(by hydroxylamine method, assum- 


ing average M. W. of 150) 

2.2% 


The fruit oil was tested for antibacterial activity 
against growing cultures of Micrococcus aureus var. 
pyogenes, Bacillus subtil is, Escherichia coli, Strepto- 
coccus pyogenes, and Proteus vulgaris by the filter 
paper disk method of Vincent and Vincent (8). 
Simultaneous comparisons were made with cinna- 
mon, eucalyptus, and rectified turpentine oils. L. 
Suksdorfii oil exhibited no significant activity against 
any of the organisms except B. subtilis and 5. pyo- 
genes, and in these cases the activity was no greater 
than the oils used for comparison. 

The volatile oil from the fruit was also screened in 
vitro for anthelmintic activity against Ascaris bimbri- 
coides of swine by the Lamson and Brown procedure 
(9). When it was emulsified with 0.2% acacia, L. 
Suksdorfii oil was ascaricidal in 4% concentration 
after a two-hour exposure period. Much greater 
activity was shown by other anthelmintics used for 
comparison; hexylrcsorcinol (0.1%) was ascaricidal 
after a two-rainutc exposure and chenopodium oil 
was ascaricidal after a ten-minute exposure. 

Detailed investigation of the oil from the fruit will 
be reported iu a subsequent paper. 
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A Note on the Use of Oxygen and Carbon Dioxide 
in Perfusion Fluids* 

By G. H BRYAN and G R SHUCK 


R eports of the perfusion of isolated niammaliaii 
hearts uith artificial fluids is complicated bj 
the use of various gases, as either o\j gen alone or m 
combination \Mth 1 or 5 per cent CO- (1) The two 
factors, the final oxjgcn concentration and pH, to 
which the tissue is exposed maj lead to discrepancies 
in duplication of experimental results 

In an extensu e theoretical and applied treatment. 
Ling and Smith (2) ha\ e described the problem of pH 
control bj gases in \ arious perfusing fluids and ha\ c 
suggested a method of achieving a specific pH 

The oxygen content has proved important in this 
laboratory and consequentlj it was of interest to find 
a procedure which would permit oxjgen supersatu 
ration and a final pH of 7 4 

METHODS 

Locke Ringer s U S P X\ (3) solution was used 
Ten liters were freshh prepared each tunc the solu 
tion w as needed To facilitate electrical stirring, pH 
measurement, and sample withdrawal, a 15 L bat 
terj jar was used as the container Oxj gen and 5% 
carbon dioxide in oxj gen w ere delu ered through gas 
dispersion tubes (coarse) submerged to 20 cm and 
mounted on the side of the jar Gas flowed through 
a 5 mm rubber tube under 07 mm of mercurv gauge 
pressure This corresponds roughh to a vigorous 
but not turbulent flow Oxj gen determinations 
were made bj the Rideal Stewart modification of the 
Winkler method (4) So that monitoring of pH 
could be continual, four foot extensions were spliced 
into the electrode s> stems of a Beckman pH meter. 
Model H2 


RESULTS 

Twelve one hour series of oxvgen determinations 
at ten minute interv als front the onset of oxj gen gas 
sing revealed that a near maximum saturation was 
reached in twentj minutes This was found with 
Locke Ringer’s solution at 37, 20, and 10° After 
the gas flow and stirring was stopped, equilibration 
with the air did not affect the oxj gen content of 
Locke Ringer’s solution gassed at 2G and 10° for ap- 
proximatelj two hours Therefore, with this fixed 
OXJ gen flow , a lesser time of gassing does not allow 
saturation to be reached and a greater time wastes 
oxygen 

If a phj siological pH is considered to be 7 4, then 
it was of interest to monitor the pH resulting from 
OXJ gen gassing From a starting value of 7 9 the pH 
was 8 6 at the end of tvv entj' minutes Therefore, the 
condition of pH 7 4 cannot be met w itli oxj gen gas 
sing of Locke Ringer’s solution This is m general 
agreement with Ling and Smith (2) for other fluids 
and for the sodium bicarbonate content Gassing in 
the same manner with 5% carbon dioxide in oxvgen 
resulted m a pH shift from a starting v alue of 7 8 to 
6 7 after tvv enty minutes of gassing Therefore, the 

* Received April 18 1957 from the School of Pharmacy, 
Montana State University Missoula 


condition of pH 7 4 cannot be met with 5% carbon 
dioxide in oxv gen gassing 

As a result of these findings with Locke Ringers 
solution it was necessary to gas with oxygen foi 
twenty minutes to obtain saturation, then shift tc 
gassing w itli 5% carbon dioxide in oxj gen until a pH 
of 7 4 had been obtained Over and undershooting 
could be rev ersed w itli the appropriate gas 

\ ariations exist in the ultimate delivery of per 
fusion fluids Tissue may be placed in the containei 
111 winch the fluid was prepared or the fluid may bt 
moved to the tissue through a series of glass or rub 
ber tubes There also exists the possibility of a 
temperature gradient from a stock container to the 
tissue In this instance, it was desired that the find 
be pumped from a stock container to a reservoa "'1 
cm above the table top, allowed to flow through a 
constant temperature bath (1,000 watt heater) at 
37°, and then be dehv ered to an isolated heart sus 
piv.'A'ec? 125 cm bcloii the resen oir 0\ i gea i aiues 
found at the start and finish of this route and at three 
different starting temperatures are shown in Table I 
From Table I, it max be seen that there is a gain in 
oxv g(;n at the dehv erv end of the sj stem if the initial 
gassiiig IS conducted at temperatures low er than 37° 
Whether the gam at low er temperature is important 
or not vv ill depend upon tissue requuement 

As a practical matter, storage of gassed solutions 
for tv\ elv e hours m filled, rubber stoppered contain 
ers at ice box temperatures has been satisfactory 

SUMMARY 

It IS recommended that perfusion fluids of the 
Lockh Ringer tv pe be gassed vv ith oxv gen at tem 
peratures low er than 37° for tvv enty minutes and the 
pH adjusted bv gassing with 5% carbon dioxide in 
oxv gen The solution mav then be stored or used 
vvithiu a two hour period 

Table I — Solubilitx of Oxxgen'’ in Locke- 
Ringer’s Solution at Various Temperatures 
Under 673 mm of Hg Pressure 


Dissolv ed oxv gen m parts per million bv w eight 


Temp OQ 

A 

B 

C 

37 

22 2 

21 0 

21 0 

26 

31 0 

29 0 

25 0 

10 

42 4 

38 0 

28 0 


A — O* Content after twent\ minutes of gassinp 

B — o Content after additional gassing with 5% CO 

C — O* Content after pumping solution from stock contain 
and through a perfusion SJ stem 

® The abo\e \alues are approximatelj^ four times the eq 
libriuih \alue listed by Griffin (4) due to supersaturation 
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A Note on the Stability of Vitamin B12 in the Presence of 

Thiochrome* 

By LOUIS J. RAVIN and ROBERT F. DOERGE 


I N A RECENT review article Scheindlin (1) discusses 
the chemical interactions of the water-soluble 
vitamins. He points out that while several studies 
hav'e been published (2-6) concerning the stability 
of vitamin Bu in the presence of thiamine and 
nicotinamide, much remains to be learned about 
the reaction between thiamine and nicotinamide, 
as well as the reaction between thiamine and 
vitamin Bn. In addition to the references cited by 
Scheindlin (1), additional information on this 
problem has been reported by Gambier and Rahn 
(7, 8). Several of these studies have implicated the 
thiazole moiety of thiamine in the breakdown of 
vitamin Bu, however, no mention has been made 
concerning the possible role of thiochrome. This 
note presents some preliminary' data regarding the 
J/oVsible interaction of thiochrome, an oxidation 
product of thiamine, with vitamin Bu in aqueous 
buffered solution. 

IXPERIMENTAL 

Thiochrome obtained from Bios Laboratories 
Inc. and cyanocobalamin U. S. P. (crystalline 
vitamin Bu. Merck and Co.) were used in these 
studies. 

Solutions containing 25 pg. of crystalline vitamin 
Bt! and 8.5 rag. of thiochrome' in each 5 ml. were 
prepared and adjusted to pH 4.0. A control solu- 
tion containing 25 Mg. of crystalline vitamin Bn 
was also prepared. The finished solutions were 
filtered through a Selas’ unglazed porcelain candle, 
02 porosity, and packaged into 1-oz. amber bottles. 
Samples were set down at RT, 45, 60, and 85° 
and assayed periodically for vitamin Bis by the 
U. S. P. microbiological method (9). 

DISCUSSION 

The assay data obtained in this study are sum- 
marized in Table I. 


* Received September 20, 1958, from the Research and De- 
velopment Division of Smith KUne hnd French Laborntories, 
Philadelphia I, Pa 

* Equivalent to U mp./S ml. thiamine hydrochloride. 

- Selas Corporation of America. Philadelphia, Pa. 


Table I.— Stability of Crystalline \'itamin Bn 
IN Aqueous Buffered Solution Containing 
Thiochrome'’ 


Storage 

Storage 

Solution 

Containing 

Thiochrome, 

Control. 

Condition 

Tirae 

Mg./a ml. 

Mg./o ml 

Original 


28 

28 

S5°C. 

S hours 

28 

28 


16 hours 

26 

27 


2*1 hours 

26 

26 

RT 

3 weeks 

29 

29 

45°C. 

3 weeks 

27 

30 

60°C. 

3 weeks 

29 

29 

RT 

7 weeks 

29 

26 

45°C. 

7 weeks 

27 

24 

60°C. 

7 weeks 

25 

24 

RT 

3 months 

27 

28 

45°C. 

3 months 

27 

26 

60°C. 

3 months 

23 

22 


“85 rag./5 ml., equivalent to 11 mg /5 ml. thiamine hy- 
drochloride. 


The above data clearly indicate that thiochrome 
is not responsible for accelerating the decomposi- 
tion of vitamin in an aqueous buffered solution 
under these experimental conditions. Additional 
studies concerning the interaction between thiamine 
and vitamin Bis which also include the possible 
reaction with thiamine decomposition products arc 
in progress. A complete report on the results of 
these studies will be forthcoming. 
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Book Notices 


Handhook of Toxicoloiiy. Yol. IV. Tranquilizers. 
Edited by RuDOLru M. Grebe. \V, B. Sunders 
Co., West Washington Square. Philadelphia, Pa., 
1959. viii -f- 120 pp. Paperbound. Price .54. 
This handbook is the eighth of a continuing se- 
ries of publications, each containing information, 
chiefly tabular, in one or more of the biological 
sciences. All of the volumes in the scries have been 
prepared under the general direction of the Com- 
mittee on the Hamiljook of Biological Data. Dir-isioii 
of Biology and Agriculture, National Academy of 
Sciences National Research Council. This latest 
volume furnishes, in outline form, pertinent data on 


20 tranquilizers which have been used as psycho- 
pharmacological agents. In general, the informa- 
tion about each of the drugs in this class includes 
the nonproprietary name, the trademark, the name 
of the manufacturer, the molecular formula and 
weight, the structure, a brief description of the 
physical and chemical properties, the pharmacology, 
certain clinic.al data, the to.xicity, and the mode and 
site of action. The book is documented with the 
more important references to the original literature. 
The book is well designed to furnish information in 
summary form on the principal tranquilizers now 
being used. 
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Ubersjchl der t^ebrunchhchcji nnd ncucrcn Arznn 
miltel By E Bernoulli and H Lehmann 
Benno Sclnvabe & Co , Basel, Switzerland, 1959 
U S Representative, Intercontinental Medical 
Book Corp , New York \hiii + 555 pp 12 x 
18 cm Price S5 75 

This relatively small book contains enormous 
amounts of information m outline form, concerning 
newer medicinal chemicals as well as manj of the 
older, but still widely used drugs The information 
presented is logically classified according to the 
therapeutic categories of the various drugs dis 
cussed The book is particularlv helpful in locating 
information on the nature of German and certain 
other European trademark names and nonpropne 
tary names of drugs Chemical and phj sical prop 
erties of the drugs coiered are usuallj presented, 
and a list of a\ ailable dosage forms are often gu en 
The hook is provided with an unusuallj complete 
index which facilitates locating needed information 
easily and promptly 


Hagers Handbucfi der Pharmazeiiltscbcn Praxis 
In 2 vols Edited by Walter kern Spnnger- 
Verlag, Berlin, 1958 \m + 2,544 pp 16 5 \ 24 
cm Price DM 224 

A complete retision of tins well known reference 
book on the practice of pharmacj is now a\ ailable 
in two tolumes, the first covering the alphabet 
A-H and the second I-Z The two tolumes arc 
pagccl consecutively, and tlie second tolunte con- 
tains the index for both Tlic new edition con 
tinues to be a comprehensu e and thoroughlj re- 
liable reference for many pharmaceutical fields of 
endeat or A more complete rc\ lew of the new edi 
tion of Hager appears in This Journal, Pracf 
Pharin Ed 20,342(1959) 


The Profession of Pharmacy Bj Richard A. 
Deno, Thomas D Rowe, and Donald C 
Brodie J B Lippincott Co , East Washington 
Square, Philadelphia, Pa , 1959 mi 256 pp 
18x25 5 cm Price $6 50 

This introductory textbook is unique m charac 
ter and different from any other textbook that 
has ever been written It provides the beginning 
student in pharmacj with a broad coverage of the 
profession including its historical development, 
ethical standards, organizations, literature, and 
current problems Its organization covers the 
major fields of pharmaceutical practice including 
pharmaceutical education, retail pharmacj , pharma- 
ceutical research, manufacturing pharmacj , promo- 
tion and distribution of drugs, hospital pharmacj , 
development of standards for drugs, and activities 
involving pharmaceutical legislation Each chapter 
IS followed bj' provocative studj^ questions and a 
list of selected references for additional reading 
The scope of the book can best be visualized from 
the titles of the fifteen chapters which are Phar- 
macy and other health professions. Birth of a drug. 
Pharmaceutical education. Roots of retail phar 
macy. Modern retail practice, Organizations and 
periodicals of retail pharmacj'. Nature and climate 
of science. Pharmaceutical research. The phar 
maceutical industrj , Production and qualitj 
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control. Promotion and distribution of drugs, 
Hospital pharmacj , Pharmacopeias and other 
standards. Legal regulation, Pharmacj— past and 
future Interest in the text is enhanced bj the 
inclusion of 85 well chosen illustrations of the 
subject matter discussed The design of the book 
and the presentation of the subject matter are 
excellent throughout, and reflect the thought and 
care of the authors that must have gone into its 
preparation It should be well received, and prob 
ablj Will be adopted as a standard textbook in 
nianj colleges of pbarmacj 

Precis de Chttnie Gcnerale el de Chtinie Minerale 
Book 1 Bj L Domange Masson et Cie , 
boulevard Saint Germain, Pans 6', France, 1959 
305 pp 16 X 21 5 cm Price 2,200 fr 
This book (in French) is a concise review of gen- 
eral and inorganic chemistrv intended for use as a 
textbook for one semester in a course for beginners 
It IS designed as part of a series of textbooks for 
pharmacj students 

Principles of Microbiology 2nd ed Bj Walter 
H Krueger and Karl R Johansson W B 
Saunders Co , West Washington Square, Phila 
delphia 5, Pa 1959 xxiv + 503 pp 15 5 \ 
23 5 cm Price 86 75 

The second edition of this textbook has been 
complctelj revised bv the inclusion of new de 
vclopments and points of view iii the science of 
inicrobiologj The general organization of the 
prcv’ious edition is a retained, but a substantial 
amount of new material and several new illustra 
tions liav e been introduced The book is intended 
primarilv as a textbook for an introductorj sunev 
course ni general microbiologj for college students 

Index of Medicines Produced in Israel Bj J 
Aladjemoft F Pinczower, Tel-Aviv, Israel, 
1953 Available in the U S from J Pmeover, 
602 West 157th St , New York 32, N Y , 492 
pp 12 X 16 5 cm 

This book lists alphabeticallj drugs produced 
in Israel, including the dosage forms, indications 
for use, dosage, and other pertinent information 
The list indicates that the pharmaceutical and 
chemical industrj in Israel is growing and de 
veloping rapidlj This mav' be due in part to 
restrictions on imports of drugs produced m other 
countries The book is designed to assist phj sicians 
in chocjsmg tbe proper preparation, ascertaining 
Its dose, and the directions for its administration 

Selected Papers from the Instilute of Cancer Research 
Royal Cancer Hospital and from the Royal Marsdeit 
Hospital Yol II Lund Humphries, London, 
1958 XIX -(- 928 pp 19 5 x 26 5 cm 
A collection of reprints of iiinetj eight papers 
relating to chemical, pharmacological, and chmea 
aspects of cancer published in scientific journals 
during 1956 This compilation should serve as a 
verv great convenience to any worker m cancer 
research by having available in one v olume such a 
large number of significant published reports 
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Studies on the Adsorption of Odorous Materials F 

Surface Potential Changes of Solid and Liquid Adsorbing Surfaces 


By J. O. KOPPLINt, J. R. EATON, and J. E. CHRISTIAN 

The measurement and classification of odors has been greatly handicapped by the 
lack of an objective instrument for the measurement of odor. This paper describes 
experiments in which the detection of odorous material in low concentrations in an 
air stream was made by measuring the change in surface potential of an adsorbing 
surface in contact with the air stream. Various solid and liquid surfaces were used 
including water. The effect of the presence of water vapor in the air stream on the 
changes in the surface potential of various surfaces was studied as well as the effect of 
increasing the temperature of the adsorbing surface. These tests indicate the pos- 
sible use of surface phenomena for the detection of odorous material in the 

atmosphere. 


Tn A.N EFFORT to gain background information 
-*■ for the development of an objective instru- 
ment for the measurement of odor, various surface 
properties of many materials have been investi- 
gated to determine whether and how they are af- 
fected by the presence of odorous materials in the 
vapor or gaseous state. In 1950 Tanyolac and 
Eaton (1) showed that the surface tension of var- 
ious liquids could be used to detect the presence 
of, and to gain identifying information on, certain 
vapors from a saturated atmosphere. Following 
this, various odors and the deodorizing effects of 
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certain materials were studied by the School of 
Pharmacy at Purdue University using surface 
tension measurements (2, 3). Chapman and 
Eaton (4) in 1955 reported that very small 
amounts of certain vapors in an air stream could 
be detected and partiall}’ identified by the meas- 
urement of changes in the surface potential of dif- 
ferent solid surfaces. This paper outlines the 
continuation of this investigation at Purdue Uni- 
versity. 

EQUIPMENT 

Surface potential cannot be directly measured 
with the surface exposed to the atmosphere at normal 
pressure. However, changes in surface potential can 
be determined by measuring the contact potential 
difference between two surfaces, using as a reference 
one surface the potential of which does not vary. 
The Kelvin method for measuring contact potential 
differences, as modified by Zisman (5), was used in 
this investigation. A schematic diagram of the elec- 
trical circuit is shown in Fig. 1. The apparatus con- 
sisted of two parallel plates which formed the vibrat- 
ing capacitor. The upper plate or electrode was de- 
sensitized with a coating of paraffin wax or other ma- 
terial so that little or no adsorption took place on the 
upper surface from the air stream which passed be- 
tween the plates. The upper electrode was 
grounded and was vibrated by a small electromagnet 
carrying alternating current. The lower surface 
uas always the surface upon which adsorption was 
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studied This electrode was insulated by a teflon 
bushing and was resistance-capacitance coupled to 
the amplifier used to amplify the alternating signal 
from the vibrating capacitor Semiautomatic null- 
balancing was provided by a phase sensitive self-bal- 
anemg recording potentiometer in scries w ith a man- 
ual potentiometer and the \ibrating eapacitor 
When liquid rather than solid adsorbing surfaces 
were used, the lower electrode of tlie vibrating ca 
pacitor was replaced with a shallow metal dish hold- 
ing appro\imatel> 8 ml of liquid The polaritj of the 
contact potential was taken as positive ivhen the field 
due to the contact potential difference alone was di 
lected upward between the two surfaces 

riie air used in this research was purchased from a 
commercial vendor and supplied in high-pressure 
tanks This was done to secure a more uniform air 
stream free from daj to daj variations, and also to 
obtain a constant pressure air supplj The air was 
released tlnough a pressure regulating \al%e and 
passed through a filter composed of charcoal and an- 
hj drolls calcium chloride and caleiuiu sulfate From 
the filter, the entire air stream, or a percentage of it. 
could be passed through a bath of triplj distilled 
water which was used to eontrol the relative liumid 
ity of the stream Three contaminant bottles could 
be connected to the sj stem at one time through inter- 
\eiinig teflon stopcocks Containinant vapor was 
injected into the air stream through displacement of 
the vapor in the contaminant bottle b> mecurj flow 
ing in at a measured rate A schematic air flow dia 
gram is show n m Fig 2 
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The general procedure used was to pass the air 
stream through a test cell containing the tw o plates 
or surfaces of the vibrating capacitor electrometer at 
a rate of 100 liters per hour The surface potential 
of the sensitive surface was monitored for a minimum 
period of fiv e minutes to make sure there w as neither 
excessive drift nor mstabihtv in the surface potential 
Contaminant vapor was then injected into the air 
stream at a specific rate, and the resulting change in 
surface potential was recorded until the surface po 
tential again became stable, indicating equilibrium 
conditions for the adsorption process At this time 
injection of the contaminant \apor into the air 
stream was stopped, and the change m surface po 
tential was recorded until the potential again as- 
sumed a stable value Generally, the surface po 
tential, after an injection of contaminant vapor into 
the air stream, returned to or very close to the value 
It had prior to the contaramant vapor injection In 
most cases not more than three injections of the same 
or different contaminant vapors w ere made using one 


particular surface, as a given surface showed a certain 
loss of sensitivity with repeated injections of con 
taminant vapor and prolonged exposure to the air 
stream Surface sensitivity for a particular air 
stream contaminant, as used in this paper, is meas 
tired bj the ratio of the change m surface potential 
expressed m millivolts (mv ) to the contaminant \ a 
jior concentration in the air stream expressed in parts 
per million by volume (ppm) 

EXPERIMENTATION AND DISCUSSION 

Many different surfaces have been used in this in 
vcstigation including gold, aluminum, charcoal, pow 
dered zinc, powdered tellurium, mercurj, and water 
The most sensitive surface to man}' contaminants in 
low concentrations in the air stream was a gold plate 
dusted with finelj powdered tellurium With this 
surface the change in potential w as often in the range 
of 20 to 80 inv depending upon the contaminant \a 
por and its concentration 

As far as the detection of odorous material in an air 
stream was concerned, the chief disadvantage of all 
the solid surfaces used was their loss m sensitivit} to 
contaminant vapor as the humiditt of the air stream 
w as increased It w as found that a dusted tellurium 

surface has a sensitivity of only 20% to ethjl alcohol 
vapor m an air stream of 30% relative humiditj as 
compared to its sensituity to ethyl alcohol vapor 
when earned b\ a drj air stream This, along with 
the thought that if the process of olfaction is due 
wholly or in part to adsorption, the adsorbing surface 
would be most likely a liquid, was the reasoning be 
hind the m\ estigation of liquid adsorbing surfaces 

The outstanding advantage of a distilled water 
surface w as that it show ed no loss in sensitivity to al 
cohol vapor when the relative humidity of the air 
stream was increased to 70% and higher This was 
iioticcablj different from all solid surfaces used and 
was thought to be due to the fact that the air just 
imniediatclj above the water surface had a high 
water vapor content caused by evaporation from the 
surface, regardless of the humidity of the air stream 
Because adsorption and desorption of water mole 
cules was continually taking place, changes in the 
humiditj of the air stream had a negligible effect 
upon the surface potential of a water surface 

Three members of the homologous alcohol series 
etlivl, normal propyl, and normal butjl — were ad 
sorbed one at a time upon a powdered tellurium sur- 
face and also upon a water surface It was found 
that the o\ erall pattern of the changes in the surface 
potentials for the two surfaces, shown in Figs 3 and 
4, was very similar The change in surface potential 
of the tellurium surface was greater for the same 
amount of ethj 1 alcohol vapor in the air stream than 
that of the water surface However, when compari- 
sons are made between the tellurium and water sur 
faces. It should be noted that the adsorption of the al 
cohol vapor on the tellurium surface was from a dry 
air stream while the adsorption on the water surface 
was from a humid air stream 

The effect of vary mg the temperature of the ad 
sorbing surface was investigated as a means of dis- 
tinguishing between various air stream contami 
naiits This particular phase of the investigation 
was based on the theory that different types of ad- 
sorbates are held to the surface by different binding 
energies For an adsorbed molecule to desorb from 
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Fig. 3. — Water surface potential change due to ad- 
sorption of three different alcohol vapors. 



Fig. 4. — Tellurium surface potential changes due to 
adsorption of three different alcohol vapors. 


the surface, it must be supplied with an energy equal 
to or greater than its binding energy, and a usual 
.source for this escape energy is the thermal energj' of 
the adsorbent. Thus, as the temperature of the ad- 
sorbent is increased, the greater is the chance for any 
given molecule to receive sufficient energy to desorb. 
For this reason, with constant pressure but increas- 
ing temperature, the amount of materia! on the sur- 
face at any one time would be expected to be less. 
Therefore the possibility exists that for a given sur- 
face and type of adsorbate, a unique temperature ex- 
ists at which the amount adsorbed on the surface 
would be insufficient to cause a measurable change in 
the surface potential. 

For the investigation of temperature dependence, 
it was necessary to find a surface which was sensitive 
to alcohol and other air stream contaminants, and 
one which after being heated in the presence of a imrc 
air stream regained its original sensitivity to air 
stream contamination upon return to room tempera- 
ture. This was necessary so that any reduced sen- 
sitivity of the surface to contaim'nant vapor at a 
higher temperature could be attributed to the in- 
creased leinpcratnre and not to a change in the sur- 
face itself due to its being heated in an air stream 
To tc.st this property of a surface, its sensitivity to a 
contaminant in the air stream was first mca.surcd at 
room tcmpcrnturc. Then the surface was healed in 
the air stream to 13(1° F, and allowed to cool back to 
room temperature, Follmving this, the surface was 
again e.\])o.sed to the .same contaminant at the sjime 
concentration as the original exposure and its sensi- 
tivity was again measured to determine whether it 
had changed. number of solid surfaces were 
tested in this manner including alumimmi and tel- 
lurium. but ill each case their room temperature sen- 


sitivity was greatly reduced by the heating process. 
It was found that a surface made up of powdered 
wood charcoal on an aiumfnuni plate previously 
heat-treated had sufficient sensitivity to alcohol va- 
pors in the air stream, and its sensitivity at room 
temperature was not reduced due to its being heated 
in a pure air stream. This surface was adopted for 
this phase of the investigation. 

The first tests were run using two different con- 
centrations of ethyl alcohol vapor and one of butyl al- 
cohol. These tests were made by first measuring the 
change in the surface potential at room temperature 
with a given concentration of the alcohol vapor in the 
air stream. Following this, the change in surface po- 
tential was again measured using the same vapor 
concentration; first, with the temperature of the ad- 
sorbing surface increased above room temperature 
and Second, with the adsorbing surface again at room 
temperature. The results of a typical test of this 
type are shoivn in Fig. 5. Tests were run with the 
temperature of the loieer plate ranging from 7S to 
180° F. 



Fig. 5. — Surface potential change rr. time at two 
different temperatures. 


A new surface was used for each test, which in- 
volved three equal injections of alcohol vapor into 
the air stream. The siirfacc.s ucrc all made up in 
the same manner using powdered wood charcoal on 
an aluminum plate; however, no two surfaces were 
alike, and their room temperature sensitivities did 
varj' up to 20%. In order to compare the various 
tests, the sensitivity at the increased temperature 
was expressed as a percentage of the room tempera- 
ture sensitivity for each individual surface used 
This was done to minimize the differences in the sen- 
.sitivities of the various surfaces. For calculatiiig 
the per cent sensitivity at a given temperature, the 
room temperature sensitivity following the clicck at 
an elevated temperature was taken as I(Kl';. For 
the lest shown in Fig, 5 the sensitivity of the surface 
at 150° F. to butyl alcohol vapor was ,3S' , i>f the 
room temperature sensitivity. 

Figure C .shows the per cent sensitivity plotted 
against the temperature of the adsorbing nr lower 
surface for two concentrations of ethyl and one of 
butyl alcohol vapors in the air stream The per cent 
sensitivity at the highc-st temperature reached wa- 
between 20 and 30''j for both alcohol v.-Epor-, I'lEr 
intermediate tenspcraiurcs. the differences between 
the per cent .‘•etisitivity fijr the two alcohol v;i()iirs 
were not appreciable and varied with the eoncesitr.i- 
tion of the vapor in the air stream. 

Two other contaminant vapors were tested — butyl 
chloride and diethyl ketone A similar reiliis ' ' ■ 

the sensitivity with increased temperature v 
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Temperolure (“FI 

Tig b — Reduction in surface potentnl change due 
to increased temperature 


using these two vapors Hon ever, a significant dif 
fercncc nas found in that tlie gi\cn concentration of 
butjl chloride produced no significant change in the 
surface potential ulien the adsorbing surface uas 
heated to 165° F Two different checks were made 
at 1G5° F , in neither case did the but\ 1 chloride \a 
por cause a change m surface potential and in each 
case, after the surface had cooled to room tempera 
ture, a definite sensitivitj to but\l chloride vapor 
was found This same pattern was established using 
diethyl ketone but the cut off’ temperature was 
180° F 

These tests were \ erj limited and more work needs 
to be done liowetcr, the initial results indicate the 
possibilitj of distinguishing between adsorbates of 
different chemical classification b> determining the 
temperature range over w liieli various vapors eause a 
measurable change m the surface potential of a stable 
adsorbing surface 

The tests with the alcohol lapors indicated that 
the highest temperature at which a change m surface 
potential might be detected was independent of the 
vapor concentration in the air stream The fact 
that small increases in tcinpcratiire caused a greater 
reduction in the per cent change in surface potential 
for the higher ethj 1 alcohol i apor concentration ap 
parently indicates a lower binding energ) for the 
additional molecules adsorbed because of the higher 
vapor concentration Blench and Garner (6) found 
that the heat evolved bj oajgcn on charcoal was 
much higher for the first portions adsorbed than for 
latter portions Thus, if the first portion of etlijl 
alcohol vapor adsorbed at cither of the two conceii 
trations used evolved the same amount of heat, it 
w ould be expected that the maximum temperature at 
which a change in surface potential occurred would 
be the same regardless of vapor concentration This 
would also be necessar) to distinguish between var 
lous classes of vapors by this tj pe of test if the vapor 
concentrations w ere unknow n 

Measurement of the actual amount of material 
adsorbed or responsible for a given change in surface 
potential was considered a desirable experiment in 
connection with this inx estigation Because the 
amounts of adsorbed material were extremelj small, 
the use of radioactuc isotopes w is considered the 


most feasible method for measurement of the quan 
tity of adsorbed material Initial experimental 
work was done using carbon-14 labeled ethyl alcohol 
Two methods for detecting carbon 14 labeled mole 
cules on a w ater surface w ere investigated The first 
method emploj cd a thin window carbon-14 counter 
placed immediatelj' over the water surface upon 
which the labeled alcohol had been adsorbed The 
second method involved liquid scintillation counting 
(7), using the water which formed the adsorbent sur 
face as part of the liquid scintillation sample Each 
method has inherent errors for which correction 
should be made The major errors are due to the 
rapid desorption rate of the adsorbed molecules and 
to the solubihtj in water of the shorter chain alco 
hols The initial experimental results, however, 
dcfinitelj established the fact that the amounts of 
material responsible for measurable changes in the 
surface poteutial can be measured using radioactwe 
tracer techniques Additional work is being carried 
out 111 this area with current efforts being directed 
toward the simultaneous measurement of the change 
111 surface potential and determination of the amount 
of adsorbed material responsible for the change 


SUMMARY 

The general conclusions concerning this re 
search project are that 

1 Measurable changes in the surface potential 
of many surfaces are produced by the adsorption 
of odorous material from the atmosphere 

2 The surface potential of a distilled water 
surface is sensitive to the presence of many dif 
ferent organic vapors carried by an air stream, 
and this sensitivity is largely independent of the 
relatn'c humidity of the air stream 

3 There is a ])OSSibihty that vapors of dif 
ferent chemical classification can be distinguished 
by determining the adsorbing surface temperature 
just sufficient to prevent measurable changes in 
surface potential 

4 Tlie number of adsorbed molecules causing 
a change m surface potential can be measured b) 
the use of radioactive tracer techniques 

The results of these tests further set forth the 
possible use of surface phenomena for the detec 
tion of odorous atmospheric contamination 
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A Kinetic Study of the Hydrolysis of Methyl 
DL-a:-Phenyl-2-piperidylacetate* 

By SHELDON SIEGEL f, LEON LACHMANJ, and LOUIS MALSPEIS 

The kinetics of the hydrolysis of methyl DL-«-phenyl-2-piperidylacetate‘ in aqueous 
buifers were studied over the pH range 1.1 to 6.1, The hydrolysis appears to be 
catalyied specifically by hydronium and hydroxyl ions. The resulting catalj’tic 
catenary afforded a pH minimum of 2.86 at 80°. The pseudo first- and second-order 
velocity constants for hydronium and hydroxyl ion catalysis were determined, and 
the temperature dependency of the reaction was studied. The influence of ionic 
strength on the hydronium and hydroxyl ion catalysis was investigated. The struc- 
tural characteristics of the molecule contributing to the isocatal)'tic point are 

discussed. 


^p*HE CATALYTIC CATENARY of ester hj'drolysis 
has been the subject of considerable investiga- 
tion ( 1-3) but relatively few determinations of the 
catenary have been reported for cationic esters of 
aliphatic acids (4-8). The catenary can be cal- 
culated from the kinetic data of acid and base- 
catalyzed hj’drolysis of esters having a permanent 
formal positive charge, e. g., a quatemarjf nitro- 
gen (5, 6, 9-12). However, if the presence of the 
positive center in the molecule depends upon the 
hydrogen ion concentration of the solution, as oc- 
curs with substituents which are primaiy’, second- 
arj’, and tertiary amines, the catenarj’ cannot be 
determined from the second-order specific velocity 
constants due to hydronium ion and hydroxyl ion 
catalysis which are cited in the literature, since 
the former constant applies to hydronium ion at- 
tack on the protonated ester whereas the latter 
constant applies to the reaction of hydroxyl ion 
with the nonionic ester (13, 14). Consequently, 
little infonnation is available regarding the nature 
of the hydrolytic catenary of a cationic ester. 

The isocatalytic point of the catalytic catenary 
for a reaction specifically catal) zed both by hy- 
dronium and hydroxyl ions corresponds to that 
hydronium ion concentration at which the partial 
velocities due to hydronium and hydroxyl ion 
catalysis are equal (l). It is a composite function 
of the entropies and heats of activation of the hy- 
dronium and hydroxyl ion catalyses and is influ- 
enced b)’ both steric and electronic effects of sub- 
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stituent groups on the substrate Moreover, at 
the isocatalytic point overall reaction velocity is 
minimal and stability of the substrate is maximal. 

The present paper reports a preliminary kinetic 
study of the hydrolysis of the central nen’ous sys- 
tem stimulant, methyl DL-Q:-phenyl-2-piperidyl- 
acetate h 3 'drochloride (I). 







0— CHa 


I 


The pKa of this ester is appro.ximately S.S, and 
therefore, it is fully protonated in a solution whose 
pH is below 6 8. This study deals with the hy- 
dro.xj’l and hydronium ion — catalyzed hydrolysis 
in the pH range of 1.1-6 2 in order to estimate the 
apparent isocatalytic point of the hydrolytic cat- 
enary. Anothei objective of this investigation is 
to compare the apparent isocatalytic points, fre- 
quenej^ factors, and energies of activation of other 
cationic esters with the values found for methyl 
DL-a-2-pipcridylacetate hydrochloride. 


EXPERIMENTAL 

Reagents. — Methyl DL-a-phenyl-2-piperidyl3cc- 
latc hydrochloride, Ciba, rccrystallizcd from ethanol 
and dried in vacuum, m p 204 5-205 5° (lit. (15) 
204-208°). The reagents used as buffers and in the 
analytical procedures were of analytical grade 
Potassium hydrogen phthalate, potassium dihy- 
drogen phosphate, and disodium hydrogen phos- 
phate were dried at 110° for t«o hours prior to use 
Eastman Kodak Company white label cyclo- 
hc.\aiic was used nithout further purification. 

pH and Buffers Solutions. — Tlie pH values re- 
ported are all "appareiit" values inasmuch as they 
are subject to liquid-junction potential error A 
Itcckm.vn model G pH meter provided with a fiber 
t\pe saturated calomel electrode and a "Genera! 
Pnrpo'-e” gUs-, electrode w.is used to determine the 
pH of s.imples at room temperature. Hccau<-c the 
temperature compensation of this instrument dw 
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not extend bejond 40°. the Beckman model H-2 
pH meter iv as used to measure ‘ ‘apparent” pH values 
at elevated temperatures The pH meters were 
standardized in the conventional manner with 
standard phthalate (pH 4 01 at 25°) and standard 
phosphate (pH 7 00 at 25°) buffers All standard- 
izations were carried out at the temperature of the 
solution being measured The pH values of the 
standard buffers at elevated temperatures were 
those recorded bv Britton (IG) The pH values 
at elevated temperatures appear to be reproducible 
within ±0 02 pH unit Temperature correction 
at elevated temperatures are in general accord with 
those of Bates ( 17) The concentration of the buffer 
used was determined bx its capacitx to maintain a 
constant ludrogen ion activitj throughout the 
reaction The pH of the hxdrolvsis mixture was 
determined before and after equilibration at bath 
temperature as well as subsequent to each kinetic 
run 

The buffers used in this studj are listed in Table 
I The ionic strength of the final solutions em- 
plojed in the kinetic runs recorded in Table I were 
not corrected for expansion of solvent \olume at 
elexated temperatures Thej were calculated from 
the expression = '/" Ca" in which /i is the ionic 
strength, C is the concentration in moles per liter, 
and z IS the ionic charge pH 1 1, =0 106, pH 

1 3. M = 0 100 pH 2 0, A. = 0 100, pH 2 8, A< = 
0 056, pH 3 2. n = 0 050. pH 4 2, ^ = 0 107, pH 
5 1. 11 = 0 200, pH 6 1, M = 0 509 

Temperature Control. — The thermostats em 
ploj ed were maintained at 50, 05, 80, and 95° The 
50 and 65° baths were capable of maintaining a con- 
stant temperature of about ±0 02°, the 80° bath 
maintained a constant temperature of about 
±0 03°, while the 95° bath was capable of no better 
than ± 0 00° The bath temperatures were deter- 
mined xvith a thermometer certified by the National 
Bureau of Standards 

ANALYTICAL METHODS 

Iron (HI) Hydroxamic Acid Colorimetric Method. 
— For the purpose of the present studj, it was 
desirable to develop an analjtical technique xxhicli 
would permit the differentiation of the undegraded 
methyl DL-a-phenyl-2-pipendjlacetate from its 
degradation products The assay procedure gencr- 
allj used throughout this paper was an adaptation 
of the reaction of carboxjhc esters and hydroxyl- 
amine 

Essentially, this method of assaj is based on the 
conversion of the ester into alkali salts of hjdrox- 
amic acids This is subsequentlx' conx erted to the 
free hjdroxamic acid bx' acidification and reacted 
with trivalent iron to form a red-colored complex 
The colored complex show s an absorption spectrum 
in the visible range and the intensity of the color is 
related to the concentration of the ester 

The absorption characteristics of the iron hx- 
droxamic acid complex of the ester are presented in 
Fig 1 It can be seen from this figure that the ex- 
tinction of the blank falls off quite sharply in the 
range of optimum absorption for the ferric liy- 
droxamic acid complex of methyl dl a-phenjl-2- 
piperidylacetate The complex exhibits a broad 
maximum at 500 mji How ever, at this w ax e length 
the blank solution also shows a significant absorp- 


05 



Wovaiftngfh, m/4 

Fig 1 — Ultrax lolet absorption spectra of 

, niethx 1 DL o-phenj 1 2 pipendj lacethx 

droxanuc acid-fernc ion complex, -----, ferric 
chloride blank solution 

tion, while at a wax e-length from 520-540 ra;j, the 
absorption of the blank is substantiallx reduced 
Since at a w axe-length from 520-540 mo the com 
plex still exhibits absorption close to maximal, it 
was decided to use a wave-length of 530 mii in this 
studx Furthermore, bx emplox mg this higher 
wax’e length for the assax, it was possible to use 
higher concentrations of ferric chloride to form the 
colored complex Tlirough the use of these higher 
concentrations of feme chloride the stabihtx of the 
colored complex formed is increased and therebx 
more suitable 

The Beckman model DU spectrophotometer was 
emplox ed to measure the absorbance of the 
solutions 

It was further found that the rate of reaction of 
ester and hxdroxxlamme as well as the final color 
intensity of the complex were pH dependent 
Hestrin (18) reported that the color mtensitx was 
essentiallj independent of pH between pH x nines 
of 1 0 and 1 4 The final pH of the solution of the 
colored complex w as 0 55 Attempts to decrease 
the lix^drogen ion concentration resulted in a pre- 
cipitation of ferric hydroxide due to the high ferric 
ion content 

Extraction Method. — The ultrax lolet spectra of 
the ester in cj clohexane are described in Fig - 
The cx clohexane solutions are extracts of the h\ 
drolvsis mixture which had been made alkaline at 
the time of extraction Spectrum A represents the 
unhj'drolx zed ester w hile spectrum B applies to the 
degradation which has proceeded bexond one halt- 
life These results suggested that the Iix'drolxsis 
could be followed bx' determining the decrease in 
extinction at 260 It was established that the 

sodium salt of methxd DL-a-phenx 1 2 piperidx 1- 
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Fig 2 — A plot of the ultraviolet absorption spec- 
tra of methyl DL-a-phcnyl-2-piperidyIacetate in 
cvclohcvanc Curve A represents the absorption 
spectrum for the undegraded ester, whde Curve B 
denotes the change after hydrolytic degradation 

acetate does not exhibit any significant solubility in 
cvclohcxanc as c\ idcuccd by a lack of extinction at 
200 nip 

The procedure adopted involved placing a 2 00- 
mt sample of the hydrolysis mixture nhich had an 
initial knoM n concentration of approximately 0 008 
.1/ ester m a ground glass-stoppcrcd tube and pipet- 
ting onto this sample exactly 5 00 ml of cyclo- 
hexane One ml of 0 50 M sodium hydroxide was 
then added, the aqueous solution extracted by 
thoroughly shaking the tube, and the tube was then 
centrifuged for several minutes A portion of the 
cvclohcxanc phase ms then withdrawn and the 
absorbance determined at 2GP nip, using the small- 
est shl width possible, 0 7-0 8 inm Figure 3 
describes the Beer’s law relationship when dilutions 
were perfonned on the aqueous solution of the 
ester and each solution was extracted according to 
the described procedure 

Excellent correlation w.is found between the re- 
sults obtained for the colorimetric assay method and 
the extraction procedure In this study, results 



Fig 3 — Relationship between methyl dl-o- 
phenyI-2-piperidylacetate concentration and absor- 
bance in cyclohexane 

obtained by the extraction method are noted, and 
if no mention is made, the colorimetric assay pro- 
cedure was used 

Kinetic Procedure. — A 300-mg sample of rccrys- 
tallizcd methyl DL-a-plienyl-2-piperidylacetatc was 
quantitatively weighed and transferred to a 200-ml 
volumetric flask and brought up to volume with 
buffer solution The solution was then injected 
into U S P X\' tiTio I ampuls of 10 ml capacity, 
sealed, and immersed into the constant temper- 
ature bath Based upon a study of equilibrium 
times, the solutions were allowed to equilibrate to 
the bath temperature of the study before removal of 
the sample corresponding to zero time Ampuls 
were removed at specified intervals and the reaction 
quenched by immersion into a bath containing a 
mixture of ice and water. 

The samples were analyzed bj means of the iron 
(HI) hydroxamic acid colorimetric method Two 
ml. of the hydrolysis solution from the ampul rvas 
pipetted into a 10-ml volumetric flask containing 
1,0 ml of 1 0 .If hydroxylaminc lix'drochloride 
One ml of 2 0 M sodium hydroxide was added to 
each of the flasks and allowed to stand for fifteen 
minutes, acidified with 1 0 ml. of 2 0 .If hydrochloric 
acid, mixed well, and the colored complex formed 
through the addition of 1 0 ml of 3 0 df ferric 
chloride solution in 0 1 jlf hydrochloric acid The 
mixtures in the flasks were again allowed to stand 
fifteen minutes, diluted to 10 0 ml with distilled 
water, and the absorbance determined against the 
blank at 530 mp in a Beckman model DU spectro- 
photometer The extinction values for the sample 
were compared with values obtained for a standard 
solution containing 1.5 mg /ml. of ester 

The analytical procedure required modifications 
when pH 6 buffer was used The hydrochloric acid 
solution was not of sufficient strength to lower the 
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Table I — Variation of Hydrolysis Rates or Methyl DL-Qf-PHENYL-2-riPERiDYLACETATE With 
Apparent Hydronium and Hydroxyl Ion Concentration 


Buffer Compositiou Temp 

0 0946 M HCl + 0 0054 M KCl 95 

80 

0 0597 HCI + 0 0432 KCl 80 

0 0119 Jl/ HCl + 0 0881 Jlf KCl 95 

80 

0 0330 M HCl + 0 050 M KHPlilhalate 95 

80 

0 0204 M HCl + 0 050 M KHPlilhalate 95 

80 

0 0040 M NaOH + 0 100 M KHPlilhalate 80 

0 0473 M NaOH + 0 100 M KHPlilhalate 80 

65 

50 

0 1816 M NaOH + 0 200 71/ KHPlilhalate 80 

65 

50 


Apparent 

Apparent 


k^, la mole"! 

pH“ 

(OH'I X lO’t 

Ai, mm ~i 

mm "* 

1 12 


5 82 X 10-^ 

7 68 X 10 6 

1 10 


2 31 X 10-< 

2 91 X 10-6 

1 32 


1 23 X 10-< 

2 57 X 10-6 

2 02 


7 36 X 10 -5 

7 70 X 10-6 

2 00 


3 17 X 10-6 

3 17 X 10-6 

2 81 


3 78 X 10-6 

2 44 X 10-6 

2 76 


1 16 X 10-6 

6 66 X 10-6 

3 22 


6 33 X 10-6 


3 16 


1 85 X 10-6 


4 16 

3 70 

8 02 X 10-5 

2 17 X 106 

5 17 

37 9 

7 79 X 10-< 

2 06 X 10* 

5 11 

16 2 

1 41 X 10-> 

8 71 X 10’ 

5 07 

6 45 

2 52 X 10-5 

3 90 X 10’ 

6 13 

345 

5 13 X 10-6 

1 49 X 10' 

6 11 

162 

1 14 X 10-6 

7 02 X 10’ 

6 07 • 

64 5 

1 93 X 10-6 

2 98 X 10’ 


“ pH values measured uith class ealomel electrodes at the temperatures cited 
Calculated from apparent hydronium ion concentrations using pKn \alues 13 2G03 at 50°, 12 0010 at 05°, and 12 5918 at 


pH for color development without the precipitation 
of feme hydro\ide When 1 0 ml of 3 0 4/ hydro- 
chloric acid was used instead of 1 0 ml of 2 0 71/ 
acid, no precipitation resulted 

RESULTS AND DISCUSSION 

Hydronium Ion and Hydroxyl Ion Catalysis. — 
The kinetic information on the hydrolysis of methyl 
DL-a phenyl-2-piperidylacetate m solutions of un- 
changing hydronium ion concentration in the pH 
range 1 1-6 2 are summarized in Table I At con- 
stant hydronium ion concentration, pseudo first- 
order kinetics alwajs were observed and Fig 4 
illustrates typical semi-log plots of the fraction of 
uiihydroly'zed ester as a function of tunc The 
first-order rate constants, ^i, were obtained from 
slopes of the regressions obtained by plotting 2 303 
log (100/100 — against time m minutes, where 
100 — X represents the percentage of unhy'drolyzed 
ester at time t The estimated reproducibility' of 
the first-order constants is within about 4% in the 


pH ranges 1-2 and 4-6, but only' about 10% in the 
pH interval 2-4 

Generally', the second-order rate constant tor 
catalysis by a given species may' be obtained from 
the ratio of the first-order rate constant to the 
thermody namic activity' of the species in the solu- 
tion. However, most of the second-order rate 
constants cited in the literature for hy'dronium or 
hy'droxyl ion catalysis were derived from the con- 
centrations of hydronium or hydroxyl ions rather 
than the thcrmody'namic activities because of the 
analytical methods employed Inasmuch as the 
present study is concerned with the pH dependency 
of the hy'droly'sis and the rates were determined at a 
given hydronium ion activity, the value obtained 
from the ratio of the first-order rate constant to 
the hy'dronium ion activity' will be referred to as 
the "apparent” second-order rate constant and 
designated as ^'ii+ 


,i4h30+ 



Fig 4 — Tvpical pseudo first-order rate plots for 
the hydroly sis of methyl dl a'-pheny'l-2-pipendy'l- 
acetate at 80° at several pH levels 


In the pH range 1 1 to 2 0, the first-order rate con- 
stants appear to be a linear function of the hydrogen 
ion activity and the "apparent” second-order rate 
constant (Table II) was obtained from the slope of 
the line of a plot of —log ki versus the pH using the 
least squares method (Fig 5) 

An added uncertainty' is involved m the estima- 
tion of the second-order rate constant for the 
hy'droxyl lon-cataly'zed reaction since the hydroxyi 


Table II — Estimated Apparent Second Order 
Rate Constants, Energy and Entropy of 
Activation for the Hydronium and Hydroxil 
Ion-Catalyzed Hydrolysis or Methyl nt-a- 
Phenyl-2-pipbridylacet ate Hydrochloride 


k>80°, L 
mole“i 
nun 
Ea 

log A, sec 
AA't25°,cal / 
deg 


HjO + 


OH- 


1 479 X 10‘ 
15,985 (±735) 
5 79 


: 10 -’ 


-34 06 


-14 04 
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pH 

Fig. 5. — pH dependency of tlie liydrotysis of methyl 
DL-o-phenyl-2-piperidylacetatc at 80°. 

ion activity must be calculated from the measured 
pH. In addition, the “apparent” second-order rate 
constant. A'oir caicuhted from the expression i‘on“ 
= ii -diijO+ZAV is uncertain inasmuch as an accu- 
rate value of the ion product of water, Kw, at the 
temperatures above 00° and ionic strength of the 
hydrolysis mixture is not available. Inverse linear 
dependence of rale on the hydronium ion activity 
occurs in the pH interval 4-0 (Fig. 5). The value 
of k'a\\- "’as calculated from the slope of the line 
and is cited in Table 11, 

As noted by Walker and Owens (19). second-order 
rate constants calculated from the hydroxy! ion 
activity are inaccurate to at least ±5% due to a 
corresponding uncertainty of the pH within ±0.02 
units. 

The limitations that we have applied to the ki- 
netic constants presented in this paper undoubtedly 
a])])ly as well to the velocity constants reported in 
the literature (20) and presented in Table III. 

Temperature Dependency. — The activation pa- 
rameters for the hydronium and hydroxyl ion cataly- 
sis are listed in Table II Typical Arrhenius plots 
arc shown in Fig. G. 

The second-order hydroxtd ion rate constants were 
calculated as ktAyj^n*/Kw and as noted above are 
approximate as A'le is uncertain. The Ku' values 
were ealcnlated from the Hanied and Owens (21) 
equation 

log Kw = _ 23 052! log T + 04,7013 

However, no correction in A'le was ap])licd for the 
ionie strength oI the solution. 

Ueeause of the uncerl >im\ in the activation ener- 
gies estitn.Ueil from the second-order rate eonstants. 
the first-order rate constants were also used to deter- 
mine Ea. The energy of activation. Ea. for the 



-jr *10* 

Fig. 0. — .Arrhenius plot of the hydroxyl ion- 
catalvged hydrolysis of methyl-DL-a-phenyl-2-pipcri- 
dylacetate. ’ ,4 = pH 5.0, B = pH 6.0, Logarithm 
of the second-order rate constant against the recipro- 
cal of the absolute temperature. 


acid-catalyzed hydrolysis was found to be 15185 ± 
725 cal. and the value for the base-catalyzed reac- 
tion was determined to be 25370 ± 570 cal. These 
values were obtained from the plots in Fig. 7. The 
activation energy obtained from the first-order rate 
constants of the hydroxyl ion-catalyzed reaction 
included the heat of ionization of water. 

Absence of General Acid-Base Catalysis.— Bell 
(22) concluded from an examination of the data pre- 
sented by Dawson (1) tliat the evidence for the gen- 
eral acid catalysis of ester hydrolysis is doubtful. 
The general acids present in the buffer systems used 
in this investigation are phthalic acid and the bi- 
phlhalatc ion (which is also a general base). To 
tc.st the catalytic activity of phthalic acid, the hy- 
drolvtic rates at 95° were determined for solutions 
of the ester in 0.1 ,1/ HCl (0.0940 M HCl. 0.0054 M 
KC!) to which there had been added in different 
experiments 0,005 M. 0.01 M. 0.03 5/. and 0.03 27 
phthalic acid. Within the experimental error, the 
second-order rate constants in these determinations 
were identical and corresponded to the rate found for 
hydronium ion catalysis. In another scries of ex- 
periments utilizing the extraction method to follow 
the hydrolysis, the second-order rate constants at 
95° were determined to be identical within the 
experimental error for solutions of the ester in 0.1 M 
HCl (0.094ti .17 HCl, 0.00.54 .17 KCl) t(» which there 
Irid been added 0,0.5 .17, 0,10 .17. ().2(} .17. 0.40 .17, 
and 1.0 .17 acetic acid, respectively. Consequciltly. 
there is no evidence for caOtlysis by an undissociated 
acid. 
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Fig 7 — Arrhenius plot of the hjdro\jl ion 
catahzecl hjdroljsis \ = pH 5 0, B = pH 6 0 
Lj garitlim of the pseudo first-order rate constant 
against the reciprocal of the absolute temperature 

Within the past jear substantial evidence has 
accrued for general base cataUsis in the hvdroljsis 
of certain esters (7, 23-25) Inasmuch as the pKa" 
of phthalic acid is 5 51 appreciable amounts of the 
general bases biphthalate ion and phthalatc ion are 
present in the buffers at pH 5 and 6 H\ drol) sis 
of the ester (0 0056 Jl/) in a buffer containing po 
tassium biphthalate (0 0092 jl/) potassium sodium 
plithalate (0 0908 jl/) and sufficient potassium clilo 
ride to adjust the ionic strength to 0 8 afforded an 
initial second order velocita constant (followed onh 
to 70% hjdroljsis after which the pH of the solu 
tion increased) which was not changed when the 
buffer concentration was doubled at constant ionic 
strength Hence, it appears that the hjdroljsis is 
cataljzed bv neither biphthalate ion nor plithalate 
ion 

The evidence presented that the hjdroljsis is 
not a general acid base catahzed process is tern 
pered bj the experimental error, and it is necessarj 
to conclude that ani' contribution to the In droh tic 
rate due to general acid base catah sis is negligible 
relatn e to the respective catalj sis b\ hj dronium 
ion and hj droxyl ion Thus, the In drolj sis appears 
to be specificallj- hx dronium and hjdroxjl ion 
catalj zed 

Ionic Strength Effect— From the Bronsted 
Bjerrum equation (26) priman kinetic salt effects 
are expected for the specific In dronium ion and 


hydroxjl ion cataljzed hydrolysis of a cationic 
ester, a positive salt effect occurring in the hy 
dronium ion cataljzed reaction and a negative salt 
effect in the hjdroxjl ion catalj’zed reaction The 
magnitude of the effect should be related to the 
proximity of the positive center to the site of attack 
bj the catalytic species Characteristic primary 
salt effects have been observed in the acid and base 
cataljzed hydrolysis of carbethoxj methj Itriethj 1 
ammonium halide (11, 12, 27), and in the base 
cataljzed Indroljsis of methil pjrrohdjiacetjl 
salicylate hydrochloride (7) and acetylcholine (6) 
These effects do not appear to have been noted in 
the acid and base catah zed hv droh sis of atropine 
(8 28) and aeetj Ichohne (9) and in the base 
catalj zed hv drolj sis of procaine (29) 

Neglecting the minor effect of changing ionic 
strength in a solution of unchanging dielectric con 
slant on the reaction between the attacking ion and 
the dipolar ester functional group the major ionic 
strength effect should conform to the expression 
applied to reaction betw een ionic species 

log k = log k„' -h 1 02 caSa Vp 

where ko' is the rate constant m an infimtelj dilute 
solution c 1 and zg are the charges on the reactants 
A and B and p is the ionic strength of the solu 
tion (26) This expression is applicable to verv 
dilute solutions p = 0 to 0 4 and marked deviations 
from the relationship have been observed with in 
creasing ionic strength Nevertheless a plot of the 
logarithm of the second order velocity constants 
against the square root of the ionic strength should 
yield information regarding the primary kinetic 
salt effect 

Figure 8 shows a plot of log as a function 
of "j/p and illustrates the positiv e primary salt 
effect observed in the hv dronium ion catalyzed 
reaction Hv droh sis of the ester (0 0093 M) in 
0 1 M HCl and made up to final ionic strengths 
with sodium chloride was followed at 95° using the 
extraction method of analvsis No correction of 
the ionic strength was applied due to expansion of 
the solvent Second order velocity constants were 
calculated from the first order constants using the 
measured hv drogen ion activities At p = 0 50 
A’h+ = 9 80 X 10“’ 1/ moles"’ mm p = I 00 
i'n+ = 11 00 X 10“’ L moles”' min and at p = 

2 00 i‘n+ = 13 08 X 10“’ L moles mm”' 
Linear dependence of the plot of log khi+ against 
\/p is found however, the slope of the curve is 
0 47 rather than the v alue of unitv indicated in above 
equation The observed ionic strength effect for 
the acid cataljzed reaction appears to be relativeh 
small Undoubtedly , the results obtained arc onh 
valid within the experimentally determined ionic 


*o 



Fig 8- — Influence of ionic strength on the \ elocit\ of 
hj dronium ion catab zed reaction 
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strength range and ma\ not be e\trapolated to 
lo« er ionic strengths v, here the slope is expected to 
inerease 

A comparable negative salt effect nas obsersed 
for the hjdroxjl ion cataljzed reaction Emploj 
ing the extraction method of anah sis first order 
\elocitt constants at 95° for the Indrohsis of the 
ester (0 0993 M) in buffers containing 0 2624 M 
XaHoPOi 0 1504 4/ Na-HPOi adjusted to final ionic 
strengths nith sodium chloride nere experimentalK 
determined Second order rate constants nere 
calculated as prev louslj described At p = 0 50, 
k'on = 3 54 X 10’ L mo!e“‘ min it = I 00, 
/t’oH = 3 30 X 10’ L mole“’ mm"’, and at p = 
3 00, k^on = 2 77 X 10’ L mole"’ mm"' A plot 
of log ’on against V* u proi ed to be linear (Fig 9) 
and illustrates a negative salt effect As before, 
the slope of the plot. 0 307, de\iates from unite 
Because of the demonstrated priinan salt effects, 
the rate constants determined m this studi apph 
onU to the Mcinit\ of the experimental ionic 
strengths 


’g 



Fig 9 — Influence of ionic strength on the xelocitt 
of the hj drow 1 lon-catalj zed reaction 

The Hydrolytic Catenary. — The first order rate 
of the IndroUtic reaction in aqueous solution nhich 
IS specificallj catahzed bv the hjdronium and 
hxdrowl ions is gixcii b\ k, - ^nio [H-O] + ^n+ 
[IliO + J + Aoir(A'n)/|HjO+] (1) In the present 
p.npcr /lii+ and kou arc replaced bv k'n+ and 
Ii’oii When the rate of change of nitli a change 
in [HiO’’] IS minimal, (f^i/d [HiO'*^] = 0andi‘ij+ = 
Kw /t'oii /IHjO'*')", the hxdronium loii conccntra 
tion at this minim il ox crab x clocitx is noted as 
IHsO + lo and corresponds to the isocatalxtic point 
since i:’ii+[HnO'’| = Ku ^'oii /lH 30 '’)o The 

minim il \ elocitx . u at tins isocat ilx tic point is gixcn 
h\ III = 2 Ii’ii+ [HiO'''ln or I = 2Vf’’niO+ k'on' A'a 
if the contribution of ^n o (H-O] is neglected 

Tilt experiment illx dcterninicd pH dcpcndcncx 
of the lixdrolxsis at S0° is presented as a plot of 
—log Ai agiiiist pH 111 Pig 5 The doinmaiit fca- 
turt of tilt curie is tli it the pHn appears to be 2 SO 
iilitrc the corresponding ki = 9 33 X 10"® The 
I)Ho cilculilcd from the stcoiitl order xclociti con 
st lilts tstnnattd from the slopes of the Imtar seg- 
mtiils of the jiH dtiitiidciicx curie, yt’ii-*- = 2 S7 X 
111"’ I, mole"’ mm and f ’on" = 1 48 X 10’ L 
molt"' iiiin IS 2 04 and the corresponding xaluc 
of k, IS calctil lied to bt G o'! X 10"* This loii 
I'ot itali tic point IS not unexpected quahtatii eli as 
a shift to a loner isocntali tie point parallels a large 
A’oii'/f 'ifs iihicli 111 the case of a cationic ester is 
consider ible for Jt'on" is increased as a result of the 
ilcctrost itic attnctioii of the molecule for the hi- 


droxxl ion iihereas I;'u+ is decreased through the 
electrostatic repulsion for the proton 
From the Arrhenius equations 

/fn- = 3 68 X lOV*'”"''-'- 

k'on = 8 57 X 

the xalues of k'n^ and jt’oii" mai be calculated 
for anx gii en temperature A.t 25°, for example, the 
calculated xalues, k'ii+ = 7 02 X 10"* L mole"’ 
min "* and k'ou~ = 7 59 X 10” L mole"’ inin "’ 
X leld the isocatalx tic point 3 48 

The difference betneen the experimentallx csti 
mated x elocitx of the reaction at the isocatalx tic 
point and that calculated from h'n-^ and h'ou" 
xalues max be attributed to the so called “spon- 
taneous reaction” or in.o [H-O] The contribution 
of ifiiio [H-OJ estimated in this nax is 2 74 X 10"® 
min xihicli is a substantiallx smaller xalue than 
the xalue 4 67 X 10"’ min "’ for kn.o [H-O] deter- 
mined bx Garrett (7) lor the protointed ester 
incthx 1 px rrohdx laectx Isalicx late hx drochloride In 
addition, this exceedinglx small difference betn ecu 
the estimated and calculated minimal xelocities 
supports the postulate that there is no general acid 
base catalx sis m the x icinitx of the isocatalx tic point 
For comparison purposes, the isocatalx tic point 
of the hx drolj sis of esters reported in the literature 
can be calculated from the specific x elocitx constants 
cited providing the ionic charge on the ester is the 
same in both determinations Unfortunatelx , most 
second order constants for the hxdroxxl lon- 
cataljzcd reaction xxhich have been determined 
applx to the nonprotoiiated ester The isocatalx tic 
points of main nonionic esters are in the range 5 3 
to 5 0 (2) The xalue for ethxl ammoacetate is 
3 8 at 20° (4) and hence it is apparent that the xalue 
of metinl dl a pl'enxl 2 piperidx lacetate is of the 
proper order of magnitude For comparison, the 
isocatalxtic points of the c.itionic esters atropine 
and acetx Icholmc arc 3 24 at 100°(8) and 3 73 at 
25° (9), rcspcctixclx These xalues indicate that 
these compounds contain structural features xihich 
increase the ratio ^’on"/f''ii+ 

STRUCTURAL CONSIDERATIONS 

The discussion presented aboxe is consistent nith 
Bender’s mechanisms of ester lixdrolxsis (30) 
applied to a cationic ester The recent studies of 
concurrent o\x gen e.\change and acid and alkaline 
lixdrolxsis of Bender (31) supjiort the concept that a 
similar intermediate is mx olx ed in both the acid and 
base catalx zed reactions Inasmuch as substituent 
groups uill influence this intermediate the effects of 
these groujis max be compared for the hx droniuni 
ion .ind hx droxx 1 ion catalx zed reactions ‘Mtliough 
methx 1 Di -or phenx 1 2 piperidx lacet ite max be 
xicxxcd as a substituted methx 1 propionate or as an 
ester of hcptanoic acid, it uill be considered a sub 
siituted acetate for comparison purposes 

The loix solubilities of nonionic esters in uater has 
precluded kinetic studies of lixdrolxsis in this 
solvent, and it is iiccessarx to extrapolate mfonna 
tion from ethanol uater and acetone uater sx stems 
In Table 111, xalues of the energx- of activation, Ea, 
for the hx dromum ion catalx zed hx drolx sis of 
methx 1 acetate are onlx xerx shghtlx higher m 
water than in 609J^ acetone and 1 increases almos* 
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Table III — Arrhen^ius Constants'^ tor the Hydronium and Hydroxil Ion Catalyzed Hydrousis 

or Some Esters^ 



I <>g A 

Methj 1 DL a pheni 1 2 piperidj lacetate 

5 79 

Atropine® 

Procaine® 

5 41 

Scopolamine metlii Ibromide 

Aceti Icholine 

7 67 

Carbethoxymethi Itriethi 1 iminoninin 
chloride 

Metlii 1 acetate 

7 64® 

8 59 

Ethj 1 acetate 

7 53' 

Ethjl propionate 


Ethyl phenylacetatc 

7 08' 
6 97' 

Ethj 1 diethj lacetate 

8 08' 


La 

1 ox A 

la 

Reference 

15,980 

10 16 

12,350 

('■) 

17 200 

10 32 

12,700 

(8) 


8 87 

12,000 

(29) 


8 61 

11,800 

(37) 

16,570 

9 00 

12,180 

(9) 


10 82 

12,700 

(11) 

16,250 

7 57' 

11,500 

(39) 

16 920 




8 20' 

14,200 

(38) 


8 6' 

14,700 

(36) 

16 200 

5 9' 

9,800 

(33) 


6 78 

10,720 

(32) 


8 34/ 

14,500 

(32) 

16,200 



(33) 

16 100 

7 34' 

14,100 

(35) 

19,100 

6 4 

14,300 

(33) 


7 96' 

17,400 

(40) 


7 8' 

17,300 

(36) 


“ I og A. = log A Fa 2 ^03R7 as esltmated from r itc consinnts where / is I mole 
^ Solvent IS water unless otlieruise noted 

* 00% acetone 
^ 85% ethanol 
' 70% acetone 

/ 70 5% ethanol 

Arrhenius parameters are for the protonated ester 

* This in\ estig ition 


bj one factor of ten It appears likely, therefore, 
that the Arrhenius parameters dcterininccl m 60 to 
70% acetone for the acid cataljsis are similar to 
those in water Howeaer, considerable differences 
in the parameters have been obser\cd for the base 
cataljzed reiction The data of Toinmila and 
Hietala (32) for the h}<Iro\}I ion catal}zcd In 
drol>sis of ethjl propionate in water and 70 5% 
ethanol (Table III) indicate that the cnergj of 
actn ation is approMinatclj 3 5 Kcal /mole greater 
in the latter solvent and that A has increased bj a 
factor of 15 Moreover, Daaies and Evans (33) 
have compared values of Sa for alkaline hj drolj sis 
in 70% acetone and 85% ethanol for the sapoiiifi 
cation of normal esters noting that the \alues arc 
roughl) 3 5 Kcal /mole greater in the h) dro.ilcoholic 
solution Therefore, while onij gross comparisons 
are permitted, Ba values in water and acetone water 
solutions are similar, whereas Ea values detcnnined 
m 85% ethanol must be reduced b} approximately 
3 5 Kcal /mole for comparison purposes 

The effect of the a phenj I substituent on acid and 
base catalyzed ester h> drol} sis has been extcnsivelj’ 
investigated (34, 35) In the acid catalyzed hj 
drolysis of ethj 1 plienj lacctate compared to cth> 1 
acetate. Log A is reduced b\ 0 5 and Ea is un 
changed This effect has been attributed to the 
steric effect of the phen} 1 group, the negative m 
ductive ( —I) effect being negligible The effect 
of the a phen 5 1 group on the base catalj zed reac 
tion is to reduce Ea bj 600 cal and Log A by I 3, 
these results being due to the —I and steric effects 
Effects of similar magnitude should be manifested 
by the a phenj 1 group m methyl dl a phenj I 2 
piperidylacetate Thus the observed changes m 
the frequencj' factor cannot be significantly at 
tributed to the a phenj 1 group Apparenth , a 
large contribution to the changes in frequencj factor 
is due to the piperidine substituent 

The union of the piperidine ring to the acetic acid 
residue is at the 2 position The effect of an alkj 1 


radical on the a carbon of the acetic acid moietj 
should account for the effects other than that at 
tributed to the nitrogen In acid catahzed hj 
droljsis, Ea is increased bj 100 to 400 cal as a result 
of the +/ effect and Log A is decreased bj about 
0 1 to 0 4 due to the steric effect (33) In base 
cataljzed hj droljsis, Ea maj or maj not be in 
creased up to 400 cal depending on the substituent 
(+/ effect) .and in most cases a small decrease in 
Log A IS obsersed, e g , 0 4 to 0 8, which is ven 
likelj due to decreased hjperconjugatioii (36) An 
extreme case of the effects of a alk\ 1 substituents 
on ester saponific ition w ould be represented bj etlij 1 
dicthjlacetate which has an unusuallj high actn 
atioii energx (Table III) These effects are reh 
tixelj minor and consequenth, the major contribu 
tion to the difference m the Arrhenius parameters of 
niethj I DL a phenj 1 2 piperidj lacetate and acetic 
ester are due to the protonated nitrogen 

In Table III, the Arrhenius constants for hi 
dronium ion cataljzed lijdrolisis of metliil dl a 
pheni 1 2 piperidi lacetate, atropine, and acetjl 
choline are listed The activation energies of these 
compounds are similar, whereas the nonexponentnl 
factor of atropine and methj 1 dl a phenj 1 2 piperi 
dj'lacetate are smaller than that of acetj Icholinc 
or a nonionic ester Atropine is an ester of a second 
arj' alcohol m addition to possessing a cationic 
center somewliat remote from the ester functional 
group and steric effects are manifested in both the 
alkyl and acid moieties Thus a comparison of 
atropine and methj I dl a phenj 1 2 piperidj lace 
tate merelj points up the large effect due to the 
cationic center in methj 1 dl or phenj 1 2 piperidj 1 
acetate It maj be noted that m aceti Icholine, 
without a contribution of steric hindrance, the 
Iij drolj SIS rate is reduced bj onli a small extent as 
compared to a nonionic ester 

The activation energies for the hjdroxil ion 
cataljzed hj drolj sis of the cationic esters listed m 
Table III are surpnsingli similar to one another 
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considering their diverse structures. In both acetjd- 
clioline and carbethoxyniethyltriethylainmonium 
chloride, the quaternary nitrogen is closer to the 
center of hydronium ion attack than is the proton- 
ated nitrogen in methyl Dt--a-phenyl-2-piperidy)- 
acetate witli consequent greater negative inductive 
effects In addition, the Ea values of the cationic 
esters appear to be consistently larger than that of 
nonionic esters (values extrapolated to aqueous 
solution). As noted by Bell (11), the greater Ea is 
the result of an abnormally high collision factor re- 
sulting from the electrostatic attraction lor the 
hydroxyl ion by the cationic ester. It appears that 
the collision factor makes a major contribution to 
the hydrolysis rate in cationic esters while the in- 
ductive effects are minor in importance 
The frequency factors of the cationic esters are 
all greater than those of the nonionic esters and that 
of methyl Di.-ar-phenyl-2-piperidylacetate is seen to 
be similar in magnitude to those esters whose ca- 
tionic center is closer to the carbonj 1-carbon. It is 
evident that the large decrease in rate in the hy- 
dronium ion-catalyzed reaction and the increase in 
rate in the hydro,X3’l ion-catal3'zed reaction of meth3d 
DL-a-phenyI-2-pipcridylacetate are accompanied b 3 ’ 
corresponding changes in the entropies rather than 
the energies of activation; at 25°, ASi (20) corre- 
sponding to i'nt is —34.06 E.U. and to ^>oh' is 
-14 04 E.U. 

Conceivably, these results can be accounted for 
in terms of intramolecular hydrogen bonding of the 
protonated nitrogen to the carbon 3 d-oxygen. 




Mcth3'I-Di.-«-phc.iy!-2-pipcridylacctatc 


Inspection of a Fisher-Hirshfelder-Taylor mode! 
shows tint such ht'drogen bonding can readib occur. 
Placement of a fractional positive charge should 
enhance the approach of the hr-droxsd ion to the 
carbon 3 -I-carbon resulting in an increase in the 
collision factor and frequency factor. The approach 
of a proton to the methoxy-oxygen should be rc- 
I)cllcd !))• a carbonx'l-carbon with enhanced electro- 
philic character, although the approach of the 
nucleophilic uater molecule to the carbon 3 -I-carboii 
should be facilitated Therefore, in the jiH range 
2 to ;i, ilic hydronium ion concentration is sufli- 
ciently low that electrostatic repulsion of the ax’ail- 
ablc protons limits the reaction velocitv’, hut as the 
hydrogen ion concentration is increased, the attrac- 
tion of the carbonyl-carbon for the nucleophilic 
water molecules results in an increased reaction ve- 
locity Altcrnatel 5 -, increased x-elocitx- with in- 
creasing hydronium ion concentration may be due 
to a loss of stability of the hxdrogcu boiul as the 
[iroton approaches the carbont 1-oxygcn 


CONCLUSIONS 


1. The h 3 ’drol 3 -tic reaction appears to be cata- 
Ij'-zed specifically bj' hj-dronium and hydrox\-l 
ions. 

2. A positive primar)' salt elTect seems to be 
present for the hydronium ion-catalvzed reaction 
and 0 negative salt elTect has been observed for 
the hydroxyl ion-catalyzed reaction. 

3. The pH of maximum stability for the ester 
in aqueous solutions is 2.80 at 80°. 

4. At a pH of 2 or less and 4 or higher, the re- 
action is essentiall 3 ' catalj-zed by hydronium and 
hx'droxx’l ion, respectively. 
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Veratrum Alkaloids XXXIF 


The Structures of Germitetrine and Some Belated Hypotensive Ester 

Alkaloids 

By S. MORRIS KUPCHAN and C. IAN AYRES 


The structures of germitetrine and several 
related hypotensive esters of germine have 
been elucidated. The chemically-related 
series germitetrine, desacetylgermitetrine, 
and neogermbudine are formulated as I, IV, 
and V, respectively. 

A LKALOIDAL MIXTURES obtained from Veratrum 
^ album are employed in the treatment of hy- 
pertension. One of the most powerful hypoten- 
sive constituents of these alkaloidal mixtures is 
germitetrine (1-4) whose structure elucidation 
was recently described (5) in a brief preliminary 
communication. The present report details the 
evidence for assignment of structure I to germi- 
tetrine. 

Alkaline hydrolysis of germitetrine has afforded 
the known alkamine germine (II) (G), two mole 
equivalents of acetic acid, one mole equivalent of 
(/)-2-methylbutyric acid, and one mole equivalent 
of the low melting isomer of 2,3-dihydroxy-2- 
methylbutyric acid (2, 4). Methanolysis of ger- 
mitetrine was shown to yield two degradation 
products. The loss of one acetate grouping led to 
the triester desacetylgermitetrine, whereas re- 
moval of both acetate groupings resulted in con- 
version to the naturally-occurring germine diester, 
neogermbudine (4) . The acetate grouping meth- 
anolyzed in the conversion of germitetrine to des- 
acetjdgermitetrine has been provisionally as- 
signed to Ct on the basis of molecular rotation dif- 
ferences and the characteristically facile methan- 
olysis of C? acetates (7). 

In a recent review (8), the four acyl groups of 
germitetrine were tentatively assigned to posi- 
tions C3, C7, Ci5, and C16 of genuine. We were led 
to question this proposal on the basis of a pre- 
liminary structure-activity generalization which 
appears to exist among the hypotensive veratrum 
derivatives. To date, all the hy^potensive nat- 
urally-occurring germine esters of known struc- 
ture possess a free hydroxyl group at Cie (7). 

An indication that the C3, C7, C15, Cie tetraester 
structure was untenable came from the observa- 
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tion that germitetrine was completely stable to- 
ward sodium periodate. The proposed tetraester 
would have a free glycol present in its DMB resi- 
due and would therefore be readily attacked by 
sodium periodate. Furthermore, germitetrine 
was shown to possess a free Cis hydro.xyl group in 
the following manner. Chromic acid titration 
showed the presence of only one secondary hy- 
droxj’l group. The oxidation product, germitet- 
rone (VI) (m. p. 222-223°decompn.), on alkaline 
hydrolysis gave the diosphenol (VII) previously 
obtained from neogermitrone and 16-dehydroger- 
mine 3,6,7,15-tetraacetate (G, 7). Thus germitet- 
rine is a germine 3,7,15-triester in which the sec- 
ondary hydro.xyl group present in the DiMB resi- 
due is acylated, thus accounting for the four mole 
equivalents of acid produced on hydrolysis. 

The location of germitetrine’s moi e easily meth- 
anolyzed acetyl residue at C? requires that desace- 
tylgermitetrine be a germine 3,15-diester in which 
the secondary hydroxyl group of the DMB resi- 
due is acylated. The remaining structural ques- 
tions were settled by studies on neogermbudine, 
the germine mono-MB mono-DMB which is ob- 
tained upon methanolysis of desacetylgermitet- 
rine (see Table I). Neogermbudine consumed 1 
mole equivalent of sodium periodate in agreement 
with assignment of the acj’l residues at C- and 
Ci5. The specific location of each substituted 
but3Tyl residue wms determined b)' use of the re- 
ported selectivity of the sodium borohj’dride re- 
duction of esters of hydroxyacids (9, 10). When 
neogermbudine was treated with sodium borohy- 
dride, the dihj'droxybutyryl ester grouping was 
selectively removed and a known (11) germine 
mono-(f)-2-meth}dbutyrate was isolated. This 
compound consumed 1.1 mole equivalents of so- 
dium periodate in agreement with the genuine 
15-(0-2-methylbutyrate structure tentatively as- 
signed on other grounds (7). Furthermore, the 
amorphous oxidation product showed infrared 
absorption at 3.65, 5.62, and 5.80 p characteristic 
of the aldehydo-7-lactone resulting from cleavage 
of the ring A glycol (6) . Thus, neogermbudine is 
germine 3-DMB-15-MB (V), desacetylgermitet- 
rine is germine 3-HMAB 15-MB (IV), and ger 
mitetrine is germine 3-HMAB 7-Ac 15-MB (I)- 
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Gcrmitctnnc MeOH<’ Desacctvlgermitetrine MeOH^ Ncogermbuditic 

(genninC'inono Ac-mono MB- * (gcnrmic-iiiono MB-mono HMAB) > (gcrmine-moiio MB- 

mono HMAB) monoDMB) 

XaOH i XaBH, 


Gcrmme 

l\fB = W 2 nictli>Sbut>0) DMB = (/) 2.3 d>bj droxy 2 
liiitjrsl 

EXPERIMENTAL 

Melting points arc corrected for stem c\posurc. 
Values of [a)n have been approximated to tlic near- 
est degree Ultraviolet absorption spectra acre 
determined on a model II MS Car> recording spec- 
trophotometer and 95% ethanol iias used as sol- 
vent Infrared spectra ncre deterramed on a Batrd 
model B double beam infrared recording spcctro- 
)>liotomcter and chloroform nas used as a solvent 
Mieroaiialj scs were carried out by Dr S M Nagy 
and Ins associates at the Massachusetts Institute of 
Technology on samiiles dried at reduced pressure at 
110 ° 

Oxidation of Gemtitetrine to Gemiitetrone (VI) — 
Genmtetnne (39 3 mg ), in p 229-231° (dccompii ). 

Ill glacial acetic acid (5 ec ) was treated at room 
temperature with a solution of chromic anhydride 
111 acetic acid containing 0 2% of water (5 cc, 

000 A’) Aliquot parts were titrated at iiiterxals 
With the aid of the appropriate blank, the rate of 
consumption of chromic acid was shown to be as 
follows; forty mmiites, 0 7-1 of the theoretical 
aiiiount of reagent required for the oxidation of one 
secoiidarx- hydroxyl group, one hour, 0 SO of theo- 
retical, two hours, 0 S9 of theoretical, twenty hours, 

1 10 of theoretical 


Gcrmine-15-(/)-2-methyl- 

butyrate 

mctliy Ibuly rj I HMAB = 2-lijdroxy 2 mcthjt 3 ncctoxc 

Gcrmitetrinc(300nig.),in p 229-231° (decompn ) 
in glacial acetic acid (•! cc ) was treated with 0 66 
N chromic anhydride in 98 5% acetic acid (S cc ) 
The dark brown mixture was allowed to stand at 
room temperature for seventy-five minutes The 
reaction mixture was cooled in an ice bath and 
treated first with dilute sodium bisulfite to a green 
color and then with dilute ammonia until alkaline 
The solution was extracted with chloroform and the 
chloroform solution was washed with water, dried 
over anhydrous sodium sulfate, and evaporated to 
dryness at reduced pressure. The residue crys- 
tallized from 95% ethanol in the form of colorless 
prisms (250 mg ), m p 220-221° (decompn ) Re- 
crystallization of a sample for analysis from 95% 
ethanol afforded colorless prisms, m p 222-223° 
(decompn ), [ot]” —167° (c 1 08, pv ) 

-liicf— Calcd for C„Hc,OuNH;0: C, 60 79, 
H, 7.84 Found: C. Cl 18; H, 7 88 
In a volatile acid dctennination (12 ) 26 00 mg of 
the ketone yielded an amount of acid equivalent to 
13 53 cc. of 0 007317 ,V sodium thiosulfate, calcd 
for two mole equivalents of acetic acid and one 
mole equivalent of (/)-2-methylbut>ric acid, 13 10 
cc 

Alkaline Treatment of Germitetrone. — Germi- 
tetronc (30 mg ), m p 220-221° (decompn ), was^ 
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treated rMtli methanol (3 cc ) and 50% sodium 
hvdroxide solution (0 1 cc ) and the solution Mas 
he ited under leflux foi tncKe miinitcs Ihc rt 
suiting red solution m is treated dropuisL with 
glacial acetic acid until a jellon solution was ob 
tamed, and then evaporated at reduced pressure 
The residue was treated with water (5 cc ), brought 
to pH 9 with dilute ammonia, and extraeted nith 
chloroform The chloroform solution was washed 
with water, dried over anlij drous sodium sulfate, 
and evaporated to dr\ ness at reduced pressure The 
residue was dissolved in ether (5 cc 1 and the solvent 
ua« allowed to evaporate at room temperature The 
light brown powder} residue (12 mg ) showed m p 
170-180° (decompii ), X„,„, 320 mu. (e 13,000), 285 
mM (c 7,000), '’"i' 372 m/i (f 10,000), 345 

mfi (e 8,000) 

Conversion of Neogermbudine to Germme 15- 
(/)-2-methylbutyrate (III) — Neogermbudine' (100 
mg , A} erst McKenna and Harrison Ltd R7593. 
ni p 149-152°) m methanol (3 cc ) was treated 
with a solution of sodium borohjdnde (100 mg ) m 
methanol (9 cc ) The solution was allowed to 
stand at room temperature for fifteen hours, acidi 
fied with glacial acetic acid, and evaporated at re- 
duced pressure at 30° The residue was dissolved 
m water, cooled in an ice bath, made alkaline with 
dilute ammonia, and extracted with chloroform 
The ehloroform extract was washed with water, 
dried oxer anhj drous sodium sulfate, and evapo 
rated at reduced pressure to dr} ness The residue 
(72 mg ) was chromatographed on Merck acid 
washed alumina ( 10 Gm ) and 40 cc fractions of 
eluate were collected Fractions 1, 2, and 3 eluted 
with chloroform, fractions 4 and 5 eluted with 1% 
methanol in chlorofonn, and fractions 6 and 7 eluted 
with 2% methanol m chloroform did not }ield an} 
solid material Fraction 8, eluted xvith 7% metha- 
nol m chloroform, } leldcd a resin consisting mainly 
of starting material, as indicated b} paper chroma 
tograplnc comparison with neogermbudine The 
procedure emplo}cd was that described b} Levine 
and Fischbach (13) for sloxver moving” alkaloids 
Fraction 9, eluted with 10% methanol in cliloro 
form, }ielded 17 mg of residue, fraction 10, eluted 
with the same solvent, gave 10 mg of residue, 
fraction 11, eluted xvith 15% methanol in cliloro 
form, gave 8 mg of residue (total solid eluted 61 
mg ) Fractions 9,10, and 11 consisted largely of 
germme 15 (/) 2 meth} Ibut} rate, as indicated by 
paper chromatographic companson with an authen 
tic sample * The three fractions were, therefore, 

1 We thank Dr G S Myers of Ayerst McKenna and 
Harrison Ltd for a generous gift of neogermbudine 

^ We thank Dr J Bolger of Riker Laboratories Inc for a 
comparison sample of germme 15 (f) 2 methylbutyrate 


combined m chloroform and filtered through a 
column of Merck acid washed ahiimm (1 Gin ) to 
rcinoxe some colored impurities Exaporation of 
the filtrate gaxe a colorless residue (35 mg ) which 
was er}stallized from chloroform ether to gue 
elongated pnsms (9 mg ), m p 225-229° (decompn ) 
xvith slight preliminar} browning A second crop 
of prisms (15 mg ), m p 216-219° (decompn ), was 
also obtained The melting point of the first crop 
material was not depressed by admixture with the 
authentic sample of germme 15 (/) 2 meth}lbiit} 
rate The infrared spectra of the respective samples 
were identical 

Sodium Periodate Oxidations — The titrations 
were performed as in our earlier studies (6) Germi 
tetrine consumed no sodium periodate in nine 
hours Neogermbudine consumed 0 84 mole equix 
alent m two hours, 0 95 m six hours, and 1 03 m 
twent} four hours 

Germme 15 (/) 2 ineth} Ibut} rate (27 3 mg ), m p 
225-229° (decompn ), was dissolved in 5% acetic 
acid (2 cc ) and water (3 cc ) and 0 08 jl/ sodium 
periodate solution (5 cc ) were added Titration 
of a 2 cc aliquot after txxo and one half hours 
showed an uptake of 1 07 mole equix alents Titra 
tion of a second 2 cc aliquot after twent} hours 
showed an uptake of 1 30 mole equivalents The 
remainder of the solution (6 cc ) was made alkaline 
with dilute ammonia and extracted with cliloro 
form Evaporation of the chloroform left an amor 
pilous residue which showed infrared absorption at 
3 65, 5 02, and 5 80 p These bands Inx e been 
show n to characterize the Ring A aldeh} do y he 
tone structure (6) 
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Intermediary Metabolism ot Ergot V 


Amino Acid 


By GUNNAR 

A comparative analysis of the amino acid 
metabolism of parasitic and saprophytic ergot 
is reported. Identification was effected by 
two-dimensional paper partition chroma- 
tography. 

T N RECENT YEARS considerable interest has cen- 

tered around the problem of making the asco- 
mycete, Claviceps purpurea (Fries) Tul , produce 
the medicinally important ergot alkaloids when 
grown in synthetic or semisynthetic substrates 
(1). Occasional reports that alkaloids have been 
extracted from the fungus cultivated in artificial 
media have proved to be nonreproducible in the 
United States using local isolates of Claviceps (2). 

In a previous publication (3) the influence of 
the addition of several chemical compounds to 
synthetic substrates was investigated in an at- 
tempt to test for any precursor effects. The re- 
sults indicated strongly that tlie failure of alka- 
loid formation was most plausibly not due to a 
nutritional deficiency of the employed substrates. 

Since alkaloids were not formed, it appeared of 
great interest to investigate if Claviceps would 
show any other metabolic differences when grown 
on rj'c as compared with the same strain raised in 
.submerged cultures. 

EXPERIMENTAL 

Cultures. — The initial isolate of the employed 
fungus was obtained tlirough courtesy of Eli Lilly & 
Co , Indiaxtapolis, and described as rye ergot of a 
very high alkaloid yielding strain Tlie culture 
which has been maintained for several years on 
Kirclihoff’s agar medium (4), xvas inoculated on 
Balbo rye Tennessee by dipping the beads into a 
conidio spore susixinsion, and in the course of fifty 
days, mature sderotia developed. The same 
conidio culture was grown in submerged culture in 
the laboratory for an identical (jcriod of time. 

Media.—Since xvc were interested in .analyzing 
the resulting mycclia for amino acids, it was con- 
sidered important not to add organically bound 
nitrogen to the substrates The employed medium 
was patterned according to the one dcscrilKd by 
Stoll, cl al (o). in their successful svork with ergot 
isolated from Pcnitisclum lyphoidcum Rich., and con- 
sisted of the following' 

Mannitol .'>(1 OGm. 

Sucrose Cl’ 2i) 0 Gm. 

Potassium diliydrogcn 
phosphate 1 0 Gm. 

Magnesium sulfate 7H:0 0 3 Gm. 

• ReernnI ember 10, 10*, s. fnim (he C«»{feKe of Phar- 
nnej TnivcrMt) of Texas Aiivtin 
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Manganese sulfate 0 lOGm. 

Ferrous sulfate 7H;0 0 004 Gm, 

Succinic Acid .5 4Gm. 

Distilled water to make 1 ,000 cc 

This medium, whicli was slightly acidic, was subse- 
quently adjusted to a pH of 5 0, bv use of approxi- 
mately 4 ml. of stronger ammonia solution fX!r 
1,000 ml Thus, NHx was the only nitrogen source 
of the fungus The produced fungal material was 
processed as described in an earlier publication (3) 
Analytical. — The sclcrotia and tlie saprophytic 
fungal material were subjected to the same analyt- 
ical procedure following in principle that of Grdgcr 
and Mothes (6): 1 000 Gm of dried substance was 

extracted exltaustively with petroleum benzin to 
remove all lipid material The marc svas subse- 
quently extracted with 20 ml of .50% etliano] over- 
night in a horizontal shaking machine The re- 
sulting filtered extract was evaporated to drvness 
in a Virlis freeze drier. The isolated soluble ma- 
terial was tlien dissolved in 0 5 ml of a mixture of 
etltanol and water (4 + 2 b_v volume) to which was 
added one drop of chloroform as a presen'ative 
The resulting solution was subjected to paper par- 
tition chromatography, ascending fonnalion being 
employed Several solvent sx’stems recommended 
in the literature (7) as satisfaclon,- for amino acid 
analyses were tried, but witli the majority, rela- 
tively poor separation was obtained The most 
satisfaetorj- solvent svstem was found to be in the 
first direction azeotropic aqueous «-propanol 
(71.7 % w/w) In the second direction, a mixture 
of 80% phenol in water was employed. The 
chromatograms were sprayed routinely, after dr)-- 
ing. willi ninhydrin solution (7), and all identified 
spots were substantiated by cochromatography with 
authenticated amino acids 

RESULTS AND DISCUSSION 

In the sapropliytic ail lures polymorphism was le.ss 
jironounccd than in the preriously employed media 
(3) Growth was relatively slow, as evidenced by 
a lag phase of seven days The fungal mat was 
brownish blue in color, and a microscopic inspec- 
tion revealed an abundant formation of conidia in 
all five parallel axperiments. A test for sucrose in 
llic culture filtrate was negative: tlie pH had de- 
creased to .5.0. indicating a slight acidification during 
cultivation. The yield of dried fungal material was 
more iinifonn than experienced in previous rvork 
(3) and ranged from 0.913 to 1.1S3 Gm, jier 70 ml. 
of medium. 

The lipid production showed a significant differ- 
ence in the two ergot samples. Tlie sderotia con- 
tained 1 7.0% of petroleum ether soluble substance 
as against i2..3% in the saprojiliytically developed 
fmigal material. This finding may be" due to the 
difference in cultivation temixrature. The sderotia 
were developed on free land during the hot Texas 
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stirnmer, while the artificial cultivation took place 
under constant temperature in an air-conditioned 
laboratory 

The results of the amino acid study are illustrated 
in Figs 1 and 2 Several ubiquitously occurring 
amino acids were identified, however, no appre- 
ciable qualitative difference was found between the 
artificially' and the parasitically' developed ergots 
Spots 9 and 13 are unidentified and are probably 
poly'peptides 


0 “ 




I 


Fig 1 — Free ammo acids in scicrotia 




I 


Fig 2 — Free amino acids in saprophytic fungal 
material 


I, Azeotropic «-propanol II, Phenol-water (80 
-t- 20) 1, Lysine 2, Arginine 3, Histidine 

4, Aspartic acid 5, Glutamic acid 6, Serine 
7, Glycine 8, Threonine 9, Unidentified 10, 
a-Aminobutyric acid 11, Alanine 12, Tyrosine 
13, Unidentified 14, -r-AminobutjTic acid 18, 
Valine 16, Proline 17, Iscleucine 18, Phenjl- 
alanine 19, Leucine 


I, Azeotropic «-propaiiol II, Phenol-water (80 
20) 1, Lysine 2, Arginine 3, Histidine 

4, Aspartic acid 5, Glutamic acid 6, Senne 
7, Glycine 8, Threonine 9, Unidentified. 10, 
a-Aminobuty’ric acid 11, Alanine 12, Tyrosine 
13, Unidentified 14, 7-Amniobutyric acid 15, 
Valine 16, Proline 17, Isoleucine 18, Phenyl- 
alanine 19, Leucine 

Quantitatively, tliere seemed to be a marked 
difference with respect to the metabolism of alanine 
and glutamic acid as judged by the size of the test 
spots Hyphae produced the greatest quantity' of 
alanine, while sclerotia on the other hand were 
richer in glutamic acid 

Spots 1, 2, and 3 were identified by' cochroma- 
tography' with known pure amino acids, however, 
it is highly possible that these diffuse spots also 
represent various proteins which react with nin- 
hydrin. A study' of the latter is presently under 
way. 

The most striking result of our investigation is 
that we were unable to ascertain in any' culture the 
presence of tryptophan, which in many publica- 
tions has been suggested as the precursor of all 
ergot alkaloids (3). Its detection was attempted 
with several specific chromatogram developers for 
tryptophan, as listed in current literature (7) 
This finding is in agreement with that of Grpger and 
Mothes (6). and also in line with the result of 


Suhadolnik and Loo, tvho, according to a recent 
publication (8) on ergot failed to obtain radioactive 
alkaloids tn vivo by use of tagged tryptophan as 
precursor Thus, it may seem justified to conciude 
that tryptophan is not directly involved in the bio- 
synthesis of ly'sergic acid or the ergot alkaloids 
The absence of sulfur containing amino acids is also 
noteworthy', although no speculations as to its 
significance will be offered at this time. 

The abundant occurrence in both types of fungal 
material of the aminobutyric acids indicates that 
these hardly are involved in the alkaloid biosyn- 
thesis Since no organically bound nitrogen vas 
present in the saprophy'tic media, a strong anabolitk 
capacity of Claviccps for N is in evidence 

Studies of the comparative metabolism of carbo- 
hy'drates, organic acids, lipids, and polypeptides 
of ergot are in progress. 
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Ion Exchange Separation Method for 
Microdetermination of Tropane Alkaloids 
in the Presence of Morphine* 

By EERO SJOSTROMf and ANTTI RANDELL 

A method has been developed for the quantitative determination of micro amounts 
of atropine and scopolamine in the presence of large quantities of morphine. The 
components are first separated on an anion exchange column and the tropane alkaloids 
then colorimetrically determined. It is found that when solutions of relatively 
high methanol concentrations are used the tropane alkaloids are not hydrolyzed by the 
strongly basic resin. By contrast, in aqueous solution, a considerable saponification 
takes place and the results obtained are consequently top low. The method has 
been applied to the determination of tropane alkaloids in injection solutions. The 
method is simple and gives very satisfactory accuracy and reproducibility. 


S EVERAL ANALYTICAL ioH exchange methods 
have been reported during recent years for 
isolation of morphine and other phenolic alka- 
loids from different materials ( 1-7) as well as for 
separation of morphine from nonphenolic alka- 
loids (8-12). The latter methods are based on the 
fact that morphine is quantitatively retained in a 
column filled with a strongl}' basic resin, whereas 
the nonphenolic alkaloids pass through. Since 
the alkaloid salts are converted into the corre- 
sponding free bases, they can be titrated in the ef- 
fluent. According to this principle codeine and 
atropine, for instance, can be determined in the 
presence of morphine. 

Although the ion excliange-titration methods 
can be used in many cases, their applicability is 
limited to relatively high concentrations. Yet, in 
medical preparations the tropane alkaloids are 
often present as a microcomponent. In these 
cases the titration becomes very inaccurate. 
Furthermore, the inaccuracy is seriously increased 
with increasing ratios of morphinc/atropinc (or 
scopolamine) for the following reasons : (a) “pure" 
morphine of pharmacopeial quality usually con- 
tains up to 0.5% of nonphenolic alkaloids which 
arc titrated with the tropane alkaloids, (b) 
ionized substances sueh as the neutral salts, arc 
also cxclianged and titrated with the tropane 
alkaloids, and (c) it is difficult to avoid traces of 
alkaline impurities dissolved from the resin even 
when working carefully under controlled condi- 
tions. 

The object of the present investigation was to 
develop a method for quantitative microdetcmii- 
nation of tropane alkaloids in the presence of large 
amounts of morphine. For the reasons given 

• Ucccivcl December 2.1. 19,'iS from the Analvtical Lab- 
orotorj-. LaaVetehdns Orion Or. Pharmaceutical Slanufac- 
turcr<. HeUinV,!, Tinlond 

t Prevent address* Storn Kopparbergs Bergslars AB 
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C.rateful thanV's are Riven to Miss Margit Custafsson fur 
the p.iiier chromatOKrapliie anaivses and to Mrs Kirsti Sal- 
mela lor carryme out the eicperimenls with injections 


above, it was evident that the determination after 
the separation must be based on some more sensi- 
tive and specific procedure than titration. The 
methods commonly used for this purpose arc 
colorimetric and are based on nitration of the tro- 
pic acid portion of the tropane alkaloid molecule. 
Accordingly, in using these methods it is essential 
that no saponification should take place in the 
resin, otherwise the tropic acid liberated is re- 
tained in the column. Experiments showed that 
when the alkaloids are passed through the col- 
umn in aqueous solution a considerable saponifica- 
tion occurs. On the other hand, it was found that 
if methanol or ethanol solutions are used, no sa- 
ponification takes place and the alkaloids pass 
quantitatively into the effluent. Since morphine 
is completely retained by the resin even from 
these solutions, it was possible to devise a method 
suitable for the niicrodetermination of tropane 
alkaloids in the presence of morphine. 

EXPERIMENTAL 

Equipment and Materials. — The experiments 
were perfonned with tlie commercial resin Dowe.x 
1 with various degree of cross-linking, having 
round particles of 50 to 100 mesh. The ion excliangc 
columns were of standard type, measuring 6 x 110 
mm. The resin was converted into tlie hydro.vyi 
ion form witli about 50 ml. of 1 A' sodium hydroxide 
and wasiied witit water to neutral against methyl 
red. Before the separation experiments tlie water 
was displaced from tlie columns with tlic solvent 
(about 50 ml.) and gas bubbles, if tliey appeared, 
were removed (17). 

The morphine used was of pharmacopeial quality 
(Ph. F. VII) and purified in the following way. 
■About 300 mg. of morphine hydrochloride was dis- 
solved in 100 ml. methanol and passed through the 
ion exchange column. The column was afterwards 
washed with absolute methanol until tlie nonphe- 
nolic impurities liad completely passed into tlie 
effluent (about 50 ml.). The completeness of tlie 
washing was checked by means of ultraviolet meas- 
urement, i. c , the column was wasiied until no ab- 
sorption could be observed in the ultraviolet. The 
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morphine taken up was eluted with 0 33 M boric 
acid solution in absolute methanol. After evapo- 
ration of the boric acid and the methanol from the 
eluate, the remaining free morphine was dissolved 
in ethanol and neutralized with hydrochloric acid. 
The resulting morphine hydrochloride was recrj’stal- 
lized from ethanol and dried in a vacuum desiccator 
in the presence of sulfuric acid 

Atropine sulfate and scopolamine hydrobromide 
of pharmacopeial quality (Ph F VII) were used as 
such The methanol and all the reagents were from 
Merck (Darmstadt). The ethanol from Oy Alko- 
holiliike Ab for spectrophotometric purposes was 
used 

The measurements were carried out with a Zeiss 
spectrophotometer, model PMQ II, 1-cm cells 
being used 

The Analytical Procedure. — After numerous ex- 
periments a suitable procedure for the estimation of 
atropine and scopolamine was devised by modifying 
the method described by Bratton and Marshall (13, 
14) This method is based on the reduction of the 
nitrated alkaloid and its subsequent diazotization 
The color produced is stable The resulting pro- 
cedure is carried out as follows : Transfer an aliquot 
of tlie ion exchange effluent containing about 0 06 
to 0 14 mg alkaloid into a 50-ml beaker and evapo- 
rate to drj’ncss on a water bath Allow to cool and 
add fuming nitric acid (0 6 ml ) and evaporate the 
excess of nitric acid on a water bath. Dissolve the 
residue in 50% ethanol (10 ml ) Add 10% hydro- 
chloric acid (5 ml ) and 0 3 Gm zinc dust Cover 
the beaker with a watch glass and allow to stand for 
ten minutes on a water bath Cool the solution to 
room temperature and filter it into a 25-ml volu- 
metric flask by washing the residue of zinc with water 
(2 X 3 ml ) Add 1% sodium nitrite solution (1 
ml ), mix, and let stand for ten minutes. .■\dd 2 5% 
ammonium sulfamate solution (1 ml ), shake, and 
let stand for ten minutes Finally, add 1% N-(l- 
naphthyl)-eth 5 dcnediamine dihydrochloride solution 
(1 ml ), made up to volume with water, and measure 
after about thirty minutes at 550 mu Prepare a 
blank with the reagents and standards, simul- 
taneously with the sample At the concentration 
range mentioned the corresponding absorbance is 
about 0.3 to 0 7 Since the reproducibility of the 
results seems to be good, the alkaloid content can 
even be calculated from a standard curve 

In connection with the saponification experiments 
atropine was also determined in the ultraviolet re- 
gion, its maximum being at 211 m^. For the de- 
tection of morphine, ultraviolet measurements 
were performed at its maximum of 286 ni/i 

RESULTS AND DISCUSSION 

Uptake of Morphine Hydrochloride. — The break- 
through curve of the purified morphine hydro- 
chloride in 80% methanol is shown in Fig 1 As 
can be seen, the break-through at a flow-rate of 1 
ml /min. is relativel}' sharp even when a normally 
cross-linked resin Dowex lX-8 is used. Morphine 
could not be detected by ultraviolet measurement 
in the effluent of cither of the resins when 70 ml 
of 0 5% morphine hydrochloride solution was passed 
through. Accordingly, within the limits of tlie 
measurement sensitivity, not more than 0.02% has 
passed through the column. Both resins were able 
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mMOLES MORPHINE HYDROCHLORIDE PASSED 
THROUGH 

Fig. 1. — Break-through curve for morphine hydro- 
chloride (0.0155 mole/1 in 80% (w/w) methanol). 
Curve 4; Dowex lX-4. Curve 8; Dowex lX-8 
Total capacities of the columns 3.45 and 3.36 meq. 

to take up about 1.2 mjU (375 mg.) of anhydrous 
morphine hydrochloride quantitatively, i e , about 
70% of their theoretical total capacity for morphine 
hydrochloride 

It must be pointed out that when morphine hydro- 
chloride of pharmacopeial quality (Ph, F ITI) was 
passed through the column, the effluent showed a 
strong absorption in the ultraviolet The impuri- 
ties were identified by paper chromatography. The 
main impurity, about 0 4% of the original morphine 
preparation, was proved to be codeine. 

Hydrolysis of Tropane Alkaloids by the Resin.— 
The influence of solvent composition on the saponi- 
fication of the alkaloids was studied by using 
methanol and ethanol solutions with various 
amounts of water 

The experiments were performed by passing 20 
ml (2 mg ) of the alkaloid salt solution through tlie 
column, which was afterwards washed with solvent 
to obtain an effluent volume of 50 ml. The results 
are summarized in Table I As can be seen from 
these data, hj’drolysis is quite naturally favored by 

Table I — Hydrolysis of Atropine and Scopol- 
amine IN Methanol-Water and Ethanol-Water 
Mixtures" 


Found m Efiluent, %• 


Alcohol 

Atropine^ • 

Scopolamine' 

Concentration, 

m 

m 

m 

(by Weight) 

Methanol- 

Ethanol- 

Methanol- 

% 

Water 

Water 

Water 

100 

100 0 


97 0 

90 

98 1 

102 0 

95 5 

80 

100 0 


93.5 

70 

98 1 

96 5 

93 5 

60 

97 8 


86 5 

50 

96 5 

92 2 

79 5 

40 

89 7 


06 5 

30 

79 7 

69 5 

59.5 

20 

60 4 


50 0 

10 

53 5 

21 8 


0 

33 0 



** Resin Dowex lX-4. Flow- 

Rate 1 ml /min 


** Ultraviolet 

determination 

c Colorimetric uciermiu 


ation. 
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the increasing water content. Within the limits 
of experimental error all the atropine passes through 
the column if the methanol content is 70% or more 
On the other hand, in aqueous solution, 67% of the 
atropine is saponified. It can be noted, too, that 
scopolamine is more easily saponified than atropine. 
However, it must be pointed out that the results 
are not strictly comparable, since the flow-rate 
could not be kept absolutely' constant Neverthe- 
less, it can be inferred from the C-xperimental data, 
that for the quantitative recovery' of scopolamine 
the methanol concentration must be kept near 100% 
These results are in good agreement with earlier 
observations concerning the ester interchange of 
estradiol benzoate by strongly basic resin. It was 
namely' found that in absolute methanol and ethanol 
only transesterification takes place and no hydrolysis 
( 15) The reason is that the hy'droxy'l ions are com- 
pletely displaced by' the alkoxide ions according to 
the following reaction : 

MeOH -1- HO- McO- + H^O 

The apparent equilibrium constant for this reaction 
was found to be 11 1 (16). This means that if the 
methanol concentration in the resin phase is 70%, 
97% of the hydroxyl ions of the resin are converted 
into methoxidc ions The colorimetric method used 
did not reveal whether the tropane alkaloids are inter- 
changed in the column, since tlie methyl tropinate 
possibly formed is cocstimated A paper chroma- 
togram of the effluent indicated, however, that 
within the limits of the accuracy’, i c , about ±10%, 
no ester interchange takes place 

Separation of Tropane Alkaloids From Morphine. 
— In order to check the effectiveness of the separation 
method, alkaloid mixtures varying in the ratio of 
morjihinc/atropinc (or scopolamine 1 ivere passed 
through the column The experiments were per- 
formed by passing 20 ml of the alkaloid s.alt mixture 
through the column, which was afterwards washed 
with solvent to obtain an effluent volume of 50 ml 
The results obtained (Tables II and III) may’ be 
cou'.iilcrcd satisfactory even though the deviations 
become greater when the tropane alkaloid content is 
extremely loyv compared with the morphine present 
The errors probably arise from the impurities dis- 
solved from the resin and from the nonphenolic im- 
purities of the morphine 

Elution of Morphine. — The column can be regen- 
cr.ilcd yy ith a 0 33 dl boric acid solution in absolute 
meth.mol This solution Mas earlier observed to 
be an excellent eluting agent for estradiol (17, IS). 
The rcsidts obtained in the present investigation 
shoyv that boric acid in methanol is also very cf- 
fectue for displacing myjrphiue This observation 
is of importance as ylifliculty has earlier been re- 
ported m this process (19. 20) .\part from its 
elution efficiency, the mcthanolic boric acid has the 
.iddcd adv.intagc that it evaporates readily. The 
elution curves for diflercnt resins with various degree 
of cross-linkage .ire illustrated in Fig 2 It can be 
noted that morphine is. quite naturally, more easily 
displaced from the resins with a low degree of cross. 
Imk.ige Holy ever, a goo'l recovery is also achieved 
by using norin.ilh cross-linked resins It is inter- 
esting to note that by substituting methanol for 
ethanol, the chttioii efficiency is markedly decreased, 
as e.in he seen from Figs 3 and 4 


Application of the Method to Medical Prepara- 
tions. — The method has been used tvith success in 
this laboratory for a period of half a year At the 
beginning, the Vitali reaction was used for the 
determination of tropane alkaloids How ever, when 
it yvas found that the reproducibility was often poor, 
the method yvas changed to that described in this 
paper The ion excliange separation combined 
with this method has proved to be of very satisfac- 
tory accuracy and reproducibility. Some typical 
data are collected in table I\’. 

It may be emphasized that gU cerol, yvhich is often 


Table II —Separation of .Atropine 
FROM Morphine" 


Added 


Found m 

Efllitent. 

Morphine 

Atropine 

Atropine 

Hydrochloride, 

Sulfate, 

Calculated 

as Sulfate, 

mg 


as 

Error. H 

50 

1,000 

945 

— 5 5 

50 

500 

500 

±0 0 

50 

200 

197 

-1 5 

100 

200 

204 

-f2 0 

100 

100 

116 

-1-16 0 

“ Uowex 1K~A, 
ml 'min 

80^0 

methanol, 

Flow-Rate 1 


Table HI — Separation of Scopolamine 
PROM Morphine" 


Added 


Found m Effluent, 


Morphine Scopolamine Scopolamine 

HydrochJoridc, Hydrobromide, Calculated as 


mg. 

hS 

Hydrobromide, 
tiS. Error, % 

50 

1,000 

975 

-2 5 

50 

500 

510 

+2 0 

50 

200 

209 

+4 5 

100 

200 

216 

-i-8 0 

100 

100 

100 

•+•6 0 


" Dowex JX-1, Absolute Methanol, Flow-Rate 1 ral./mm 



Fig. 2.-- Elution of niorpliinc yvith 0.33 .If boric 
acid III absolute methanol. The numbers of the 
curves indicate the cross-linking of the corresponding 
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RECOVERED IN EFFLUENT, PER CENT 



Fig 3 — Elution of morphine with 0 33 M boric 
acid in absolute ethanol The numbers of the curves 
indicate the cross-linking of the corresponding 
resin 


RECOVERED IN EFFLUENT, PER CENT 



Fig. 4 — Elution of morphine with 0 33 M boric 
acid in 70% (w'/w) ethanol. The numbers of the 
curves indicate the cross-linking of the corresponding 
resin. 

present in iniection solutions of this type, interferes 
with the colorimetric estimation. Therefore, it 
must be separated from the mixture If an anion 
exchange column alone is used, glycerol passes into 
the effluent along with the tropane alkaloids This 
problem has been solved by coupling a cation e.\- 
chahge column in series with the anion exchange 
column Thus, the morphine is first removed by the 
anion exchanger, the tropane alkaloids passing with 


Table IV. — Determination or Atropine and 
Scopolamine in Injections 




Atropine or 
vScopolamme Found 
Calculated as 
Respectue Salts 

Composition and Content, mg 
Morphine 

mg 

Frror, % 

liydrocliloride 

20 

0 250 

±0 0 

Atropine sulfate 

0 25 

0 275 

-fio 0 

Glycerol 

50 

0 250 

±0 0 

Alcohol 

Distilled water ad 

120 

1 ml. 

0 260 

-f4 0 

Morphine 

hydrochloride 

Scopolamine 

20 

0 580 

-3 3 

hydrobromide 

0 6 

0 561 

—6 5 

Glycerol 

50 

0 580 

-3 3 

.Alcohol 

Distilled water ad 

120 

1 ml 

0 580 

-3 3 


the glyceiol into the cation exchange column Gl}- 
cerol can easily be washed from the column with the 
solvent The tropane alkaloids taken up by the cation 
exchanger are finally eluted with a methanol solution 
containing ammonia and determined in the eluate 
The details of the resulting procedure are as follons 
Pipet a suitable amount of the injection solution 
(2-4 ml ) into a beaker and add absolute methanol 
(100-150 ml ) Transfer this solution through an 
anion exchanger column and let the effluent pass 
directly into a cation exchange column of the same 
size (Dowex 50X— 4, H'''-form, 50/100 mesh) Wash 
the anion exchange column with absolute methanol 
(about 50 ml ) and also let tlie washing methanol 
pass through the cation exchanger Elute the tropane 
alkaloids from the cation exchanger with a solution 
which is prepared by diluting 60 ml strong am- 
monia solution to 100 ml with methanol, and let 
the eluate pass directly into a 100-ml volumetric 
flask. Take from tliis solution an aliquot (10 ml ), 
evaporate tlie solvent on a water bath, and deter- 
mine the alkaloid content as described 
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An Examination of the Oil of the Seeds of 
Persimmon (Diospyros Virginiana L., Earn. Ehenaceaey 

By CECIL P. CLOUGHLY and HENRY M. BURLAGE 

A fixed oil was extracted by petroleum ether from the seeds of D/osp} ros Virgmiana L., 
representing approximately three per cent of the weight of the seeds. The oil is 
semidrying, and its properties are similar to sesame oil. The petroleum ether ex- 
tract has a dark, reddish brown color, musk-like odor, and a bland taste like oli^ e oil. 

It consists of 80.24 per cent unsaturated fatt}’ acids, of nearly equal parts of oleic and 
linoleic acids. The saturated fatty acids consist of stearic and palmitic acids, with 
traces of myristic and arachidic acids. Saturated acids amounted to 16.25 per cent 
of the total weight of the oil. The amount of unsaponifiable matter and the physical 
constants were determined. A qualitative identification of the saturated fatty acids 
was made by chromatography using the technique developed by Holasek and Win- 
sauer. Separation of the saturated and unsaturated fatty' acids was effected by Pelikan 
and Von Mikusch modification of the Bertram oxidation method. Stevie and pal- 
mitic acids were identified after their separation by fractional crystallization from 
methanol at low temperatures. Results indicate that: The chemical constituents of 
the oil of the seeds of Diospyros Virginiana L. are similar to sesame oil; yield of the 
oil from the seeds is 3.41 per cent; and possibility exists that this oil might be useful 
in the formulation of perfumes or cosmetics where the oil might be used to 

advantage. 


A LTiiouGH the persimmon tree is a familiar 

^•part of the countryside in the South, it has 
never been extensively cultivated in this country 
It IS considered by some persons to be an undesir 
able plant, and studies have been made to destroy 
the tree by poisons when it is discovered growing 
voluntarily (1) 

DcSolo, m 1539, learned from the Indians the 
value of persimmon fruit as a supplement to his 
diet, and he remembered this in the narrative of 
his expedition written eighteen years later at 
Evora in 1557 (2) 

The common name, persimmon, is of Virginia 
Indian origin, and its longer, botanical name is 
Diospyros Virginiana L There are approxi- 
mately IGO varieties of Diospyros, mostly Asi- 
atic The common American species ranges 
southward from southern Pennsylvania to the 
Gulf Coast and westward to Texas It is also 
found in southern New York, West I'irginia, 
Ohio, Indiana, Illinois, southern Iowa, Missouri, 
and Kansas In Florida the tree is sometimes 
called "possum wood” because the fruit attracts 
the small mammal 

The tree produces what is technically a berry, 
and IS desenbed as being subglobose, varying to 
depressed or elongate, 3 to 4 cm in diameter 
The fruit has one to eight seeds that are fiat, 
elliptic, and \ cry hard The main characteristic 
of the fruit is that it is exceedingly astringent 
when green, but sweet and edible when ripe or 
after exposure to frost 
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The leaves of the tree look something like the 
American magnolia tree, and are four to six 
inches long, thick, and oval The leaves in sum- 
mer are a shiny dark green, but during the au- 
tumn they become brilliant orange or scarlet, 
adding much to the beauty of the countryside 
The bark of the tree is nearly black and is di- 
vided into squares The tree grows to an aver- 
age height of 50 feet, although there are some 
exceptions as noted in Illinois and Indiana of 
persimmon trees growing as tall as 100 feet. It 
spreads from roots and often covers abandoned 
fields and roads with a scrubby growth. It also 
grows well from seeds and is propagated by mi- 
gratory birds The wood is very hard and dense, 
and after the tree has matured a hundred years, 
the wood is known as "lieartwood ” This is 
used in making valuable hardwood objects As 
previously noted, the fruit of this tree has been 
cultivated in .■\sia since ancient times, and many 
varieties of persimmons have been developed (3). 


EXPERIMENTAL 

Preliminarj’ Treatment of Seeds. — Seeds for the 
study were taken from the forests of trees of Dw- 
spyros Virginiana L. growing in Orange County. 
North Carolina The meaty material of the fruit 
that clung tenaciously to the seeds was removed by 
rubbing vigorously between hard-finished pieces of 
cloth The seeds were reduced to a moderately 
coarse powder in a Wiley grinding mil! and then 
treated with a series of selective solvents in succes- 
sion in a continuous extraction apparatus in the fol- 
lowing order: petroleum ether, absolute ether, 
chloroform, U S P, absolute alcohol, and 70% 
ethyl alcohol 

Tlie research was confined to the petroleum ether 
extract since examin.ation of the other extracts 
showed that thej contained materials removed 
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from Die seed bodj’ but no oil After the petroleum 
ether was removed under controlled conditions, a 
preliminary examination of the resultant substance 
showed that the dark reddish-brown oil (3 41%) was 
soluble in the usual organic solvents and was readily 
saponified Elemental analysis showed negative 
tests for nitrogen, sulfur, halogens, and phospho- 
rus. 

Persimmon seed oil is classified with the scmidry- 
ing oils (4) The Hehner and Mitchell hexabromide 
test (5) gave negative tests for linolenic acid Figure 
1 shows the percentage increase in weight of persim- 
mon seed oil and laboratory samples of linseed and 
sesame oil when exposed to the atmosphere under 
controlled conditions Chemical properties of the 
oil obtained by following standard methods (6, 7, 8) 
are shown in Table f 

The infrared spectrum of persimmon seed oil 
showed no unusual infrared absorption bands pro- 
duced by the oil at particular wavelengths 

Partition Chromatography of Saturated Fatty 
Acids from Persimmon Seed Oil.— The soap solu- 
tion remaining after saponification of a weighed 
sample of the oil was dissolved in hot distilled water 
and treated with diluted sulfuric acid until neutral 
to phenol red The water-insoluble fatty acids were 
separated from the mixture by extraction with pe- 
troleum ether An aliquot portion of this extract 
was measured, the solvent evaporated off, and the 
residue of fatty acids then accurately weighed The 
concentration of the fatty acids in the petroleum 
ether extract was next adjusted so that 0 36 Gm of 
such acids were present in each 25 ml of solution, 
and a method was sought to identify the acids by 
use of paper chromatography This concentration 
was chosen because it would furnish approximately 
60 /ig of acids in each drop of solution to be used in 
the procedure 



Table I — Properties of Persimmon Seed Oil 


Elemental Analvsis 


Nitrogen 

Absent 

Sulfur 

Absent 

Halogens 

Absent 

Phosphorus 

Absent 

Refractive Index (25°) 

1 4800- 

Acid value 

30 3 

Ester value.. . 

129 3 

Iodine value 

104 01 

Saponification value 

160 23 

Thiocy’anogen number 

78 04 

Unsaponifiable matter 

4 9% 


Oxygen absorption — Gain in weight of 2.8/100 parts 
in ten days. 


The solution of fatty acids was transferred by a 
lambda pipet to strips of paper impregnated with 
0 5% KA1(S0 i) 2.12H20. These strips were then 
developed in standard chromatography jars accord- 
ing to the method of Holasek and Winsauer (0) 
The developer used consisted of approximately 300 
ml of a solution of freshly distilled carbon tetra- 
chloride, freshly distilled methjd alcohol, and con- 
centrated ammonia (81:18:1). After developing 
for twelve to fourteen hours, the strips were re- 
moved, dried in an oven at G0° for twenty minutes, 
and then sprayed with a 0 1 % solution of Rhodamin 
B in 0 05 At hj’drochloric acid. The papers were 
again dried in the oven and examined under ultra- 
violet light Separated fatty acids showed up as 
dark red spots in a red to violet background Per- 
simmon seed oil fatty acids developed spots on such 
chromatograms with f?/s of 70, 80, and indefinite 
spots at 7? /s of 65 and 90 This indicated that pal- 
mitic and stearic acids were present, and possibly 
myristic and araehidic acids 

Separation of Saturated from tfnsaturated Fatty 
Acids. — Separation of the saturated from the un- 
saturated fatty acids was accomplished by' the Feli- 
kan and \^on Mikusch modification of the Bertram 
oxidation method (10) Using this method, a 
sample of persimmon seed oil weighing 5 281 Gm 
yielded 0 9048 Gm of saturated fatty acids, and 
represented 17 1% of the total weight of the oil 
Since the isolated fatty acids often carry' over small 
portions of unsaturated fatty acid, it was necessary 
to perform a correction to the first calculation of 
saturated fatty’ acids The iodine value of the 
isolated fatty acids was computed by the U. S P 
method (11) and was found to be 4.6 
The following formula was used to calculate the 
corrected value for the saturated fatty acid content 
of the oil: 

G = ino/s IF = /lF/90 

where G = corrected saturated fatty acids content 
ill %, IF = weight of the isolated fatty’ acids (0 90-18 
Gin ), 7 = iodine value of the isolated fatty acids 
(4 6), and G = weight of the sample used (0 9048). 

By substitution in the above equation, it was de- 
termined that the correct percentage of saturated 
fatty’ acids in persimmon seed oil amounted to 
16 26 % (10) See Table II 

Table II — Fatty Acid Composition of Persi.'I- 
MoN Seed Oil 


Saturated fatty acids present: araehidic 
(trace), my’ristic (trace), stearic and 
palmitic. 16 26/0 

Unsaturated fatty’ acids • ^ 

Linoleic acid (calculated as glycerides) 39 36 ^ 
Oleic acid (calculated as glycerides) ‘10 


Determination of Unsaturated Fatty Acids.-— -The 
thiocyaiiogen and iodine values, both previously 
determined, were used to calculate the percentages 
of hypothetically’ pure gly'cerides in persimmon seed 
oil (12) By using these values and a formula 
recommended by’ the Association of Official Agricu - 
ture Chemists (13) it was determined that persim- 
mon seed oil consisted of the following unsaturate 
fatty’ acids: linoleic acid, 39,36% and oleic aci , 
40.88%. 
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Separation of the Saturated Fatty Acids.— The 
saturated fatty acids remaining from the perman- 
ganate oxidation experiment were separated from 
each other quantitatively by fractional crystalliza- 
tion from methanol at low temperatures (14) 
Palmitic and stearic acids were identified in the 
fractions by mixed melting points. 
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Air-Suspension Technique of Coating Drug Particles'^ 

A Preliminary Report 


By DALE E. WURSTER 

A new method of rapidly coating drug particles of widely vaiying size and shape is 
presented. In this process, the drug particles are coated and dried while suspended 
in an upwardly moving current of air. Solutions and suspensions of coating ma- 
terials in both water and volatile organic solvents are employed. The drying of the 
coated particles is accomplished at either room or elevated temperatures, depending 
on the solvent used. Some fundamentals and an introduction to practical applica- 
tions of the process are given. 


C ONSIDERABLE EFFORT has bccn expended to 
develop more rapid and more precise 
methods of coating compressed tablets and other 
drug particles. Progress in this field includes 
refinements of the conventional pan coating 
method and compression coating. The process 
described in this paper is a departure from both 
of tlic previous methods. It is simple, c.xtremcly 
rajiid, and appears to be adaiUable for large 
volume coating operations. 


APPARATUS 

The apparatus consists of a vcrtic.al column 
aliicli is constricted at the bottom and c.xpandcd 
at the top (Fig 1) TJic air velocity in tlie con- 
stricted portion of the coliinm is so great that parti- 
cles entering this region iire immediately propelled 
upwards In tlic cx[).indcd imrtinn of the column 
the air vclociti- is greatly decreased This de- 
creased velocity will not support tlic particles 
.Old they f.ill to the central or working region of the 
coliiiim In Fig I it can be observed that the 
coUnnn aKo contains a side vent Both the side 
vent and constricted portion of the column contain 


• KcccunI April 2.-. l!l.-,S frnm the School of Pliarmacs . 
lMij\rrMt\ of Wi«<o«sin Mnilwui 

Prcvctuctl to tJic .ScK'niific Soclttui A Pn A Los Auirclcs 
UKctini: A^>rd 195S ^ 

Tin*: prttjcvt cupjmrtcti m pin !>> the .Smith. Kline 
mnj I rcnch 1 nbor.itonts rhil.ndclplua. Pa and the Wis 
coTiMU Alumni Rcvcarch round.-itum, Madi«.on 
V S pat 2tUSMVlnnd 2.799.24! 

Alumni Rc*:c,Trch Foundaimn 


assigned to Wisconsin 


abjustable plates with which the velocity of the 
air stream in the working region of the column can 
be controlled. \'nrious modifications in the design 
of the cohmm can be employed; however, tlic 
upper portion is usually expanded to decrease the 
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velocity and prevent the loss of particles Various 
segments of the column may also be selected as the 
coating region but the velocity must be controlled to 
confine the particles to this region A constant 
speed blower (Buffalo Forge Co Type 5E) posi 
tioned at the base of the column serves as the air 
source A thermostatically controlled gas burner 
IS utilized to heat the air prior to its entrance to 
the blower An atomizer for spraying the coating 
solution IS normally positioned immediately below 
the working region of the column, but its position 
can be varied for specific uses 

PROCESS 

The process consists simply of supporting particles 
m a vertical column with an upwardly moving air 
stream during which time the coating solution is 
atomized onto the suspended particles The veloc 
ity of the air stream is adjusted so that the sus 
pended particles are maintained m a relatively con- 
fined working region of the column The drying 
time of the coat can be governed by' controlling 
either the atomization rate, the temperature of 
the supporting air stream, or both 

A simple method for approvimating the \eloeity 
required to suspend spherical particles in air was 
found to be useful in this w ork Since the particles 
are suspended m an air stream rather than just 
agitated on a supporting surface but still are not 
transported, the particles were compared on the 
basis of their weight and cross sectional area to 
equivalent inches of water (static pressure) The 
velocity required to support the particle was there- 
fore calculated as follows 

V = K '^M/iA/k) 

where V is the velocity in feet per minute, K the 
\ elocity required to maintain a static pressure of 
one inch of water (4,005 ft /mm ) M is the weight 
of the particle (Gm ) A is the cross sectional area 
(cm ^), and k is the weight of a column of water 
having the dimensions 1 cm \ 1 cm at the base 
and 2 54 cm high (2 54 Gm ) 

It IS apparent that particles can be held in a 
suspended state in an upwardly moving current of 
air for an indefinite time period if the velocity re 
quired to support the particles is held constant 
It IS also apparent that if particles in the column 
are unifoimly' exposed to the coating solution and 
the atomization rate of the solution held constant, 
a linear relationship between the gam in weight of 
the particle and time of atomization should be 
obtained This, of course, assumes that possible 
attritional effects are not significant The thick 
ness of the coat on the particle will not, of course, 
increase m a linear manner since the specific weight 
of the coating solids obtained m a given atomiza 
tion time period must cover an ever increasing 
surface area A linear relationship between the 
cube of the radius of the particle or the increase 
m volume and time should, however, be obtained 

EXPERIMENTAL 

Air Velocity. Since the vertical column contains 
adjustable plates to control the air stream, the 
column -WHS first cahbrfiled in order to determine 


the average velocity obtained m the column for 
each setting of the plates The average column 
velocities were determined with a pitot tube and 
an Ellison (2 inch) inclined draft gauge 

Large hollow spheres were employed to studi 
the average velocity required to suspend spherical 
particles The density of the particles was in 
creased by' injecting a given quantity of water into 
them The particles were then accurately weighed 
In this manner the density' of the particles was 
increased but the effective area upon which the 
upward moving air impinged was held constant 
The average velocity required to suspend the sphere 
was then obtained from the column calibration 
curve 

Studies on Coat Build-Up. — Small, uniform, 
spherical sugar particles were initially coated with 
■ Carbowax” 6000 m order to increase the particle 
size sufficiently so that they could be easih measured 
with a micrometer caliper The average particle 
size was determined and a known weight of these 
particles was placed in the coating column The 
particles were coated with a solution containing 
25% 'Carbowav” 6000 (w/v) m methyl alcohol 
The atomization rate was maintained at approxi 
mately' 56 34 ml per minute (2,000 ml atomized 
in thirty -five and one half minutes) Due to the 
volatihtx of the sohent the column was operated 
at room temperature At the end of the above time 
interval the contents of the column were remoied, 
spread out, and allowed to dry at room tempera 
ture (approx twenty four hours) until a constant 
weight for the batch was obtained 

The average weight of the coated particles ob 
tamed m each test was determined from five sam 
pies, each containing 150 particles 

The average particle diameter was obtained by 
measuring the individual particles m the abo\ e 150 
particle samples with a micrometer caliper 

Coating Procedure. — The velocity required to sus 
pend compressed tablets and the smaller particles 
was first calculated m order to obtain the approxi 
mate column setting and was then determined 
experimentally Two to four kilos of the particles 
to be coated were introduced into the column and 
atomization of the coating solution started as soon 
as the particles reached the operating height in 
the column In the case of compressed tablets 
the lower half of the Lucite tube (see Fig l)wis 
the working height, whereas with smaller particles 
the entire length of the tube was employed Tiie 
particles w ere immediately removed from the 
column after the desired volume of coating sola 
tion had been applied 

When aqueous solutions w ere employ ed the 
column was operated at a temperature of 49-50^ 
and the coating solution was maintained at 83-90 
With volatile solvents the column was operated at 
room temperature 

Solutions employed for applying rounding coats 
to compressed tablets included simple syrup 
simple syrup, 67% and 33% of a ‘ Carbowax" 40M 
solution (50% w/v), simple sirup, 50% and 50% 
of a “Carbowax ’ 4000 solution (50% w/v), aim 
56 5% simple sy rup, 19 8% starch paste (4 25% 
w/v), 22 6% “Carbowax” 4000 (50% w/v), and 
1 1% Tween 20 These syrups were atomized at 
a rate of 47 to 48 ml per minute Two liters were 
thus applied in approximately forty two minutes 
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Suspensions of insoluble powders in the syrups 
were also successfully applied. 

Solutions containing 25% wax in carbon tetra- 
chloride were atomized at rates of 50 to 90 ml. 
per minute on 16-20 and 30-35 mesh particles. 
Solutions containing 20 or 30% of a lipoprotein or 
a resin in isopropanol were atomized at rates of 
10 to 20 ml. per minute on 40-80 mesh particles. 

DISCUSSION AND DATA 

Air Velocities. — The experimental velocities re- 
quired to suspend large spheres of varying density 
were compared with the velocities calculated ac- 
cording to the given equation. According to the 
equation a linear relationship should exist between 
the square root of i.I/A and the velocity. In this 
respect a plot of the experimental findings is in 
fair agreement with a plot of the calculated values 
(Fig. 2). It is emphasized here, however, that 
regions of both high and low velocities exist in this 
particular column. The experimental values given 
here are thus average velocities. 

A single spherical particle in the column was 
maintained at a uniform height; however, during 
the actual coating process the suspended particles 
rise in the high and fall in the low velocity regions 
of the column. Nevertheless, the velocity require- 
ments for the process were approximated according 
to the described method. 

Coat Build-Up.— In Fig. 3 the average weight of 
the particle is plotted against the time and indicates 
that a straight line relationship between the weight 
of the particle and the time of atomization can be 
obtained with the process. In Fig. 4 the cube of 
the radius is plotted against time and again shows 
a straight line relationship. This tends to indicate 
that the adherence of the coating solids and the 
coat build-up occur in a uniform manner. 



1000 2000 .-iOOO 
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Fig 2.--Supporling velocity for spheres of varying 
density. ( Calculated. Experimental.) 



TIME (MINUTES) 


Fig. 3. — Average weight of particles vs. time. 



Fig. 4. — .Average particle size vs. time. 


Loss of Solids. — Only a relatively small amount 
of the atomized solids was lost in the operation of 
the column when the small sugar particles were 
coated. This, no doubt, is due to the fact that the 
extremely large number of particles in the column 
makes the escape pathway of the atomized particle 
a very tortuous one. Thus, it is almost impossible 
for the atomized particle to traverse the length of 
the column without impinging upon the surface 
of the particles to be coated. Only a small amount 
of the atomized material collected on the wall of the 
column In Tabic I it can be observed that less 
than 1% of the starting material is lost when the 
loss is calculated on the basis of the total solids 
introduced into the column. When the loss is 
based solely on the atomized solids the loss is con- 
siderably larger (approx. 3-7%). This latter 
value, however, appears to be erroneous since the 
column was not originally designed for small par- 
ticles and some of particles as well as the atomized 
solids were lost in the column joints. This is 
particularly obvious in the last three tests in the 
table where only onc-half the weight of atomized 
solids was introduced into the column and the per 
cent loss is approximately two times that of the 
previous tests. This tends to indicate that the 
amount of p.articles lost in the column joints was 
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Table I — Loss of Material in Column 



Weif'ht of 
Parltclcs 

of 

Solids in 

Total Sulicis 

Total Solids 

Loss of 

Loss if 
Based on 


Introduced 

Atomized 

Introduced 

Recovered 

Total 

Atomized 

Test 

into Column, 

Solution 

into Column, 

from Column, 

Solids, 

Solids, 

No 

Gm 

Gm 

Gm 

Gm 

% 

% 

1 

1,500 00 

500 

2,000 00 

1,983 02 

0 85 

3 39 

2 

1,982 60 

500 

2,482 60 

2,470 10 

0 51 

2 51 

3 

2,469 68 

500 

2,909 68 

2,950 40 

0 66 

3 85 

4] 

1,475 20 

250 

1,725 20 

1,709 00 

0 94 

6 48 

5 

1,708 42 

250 

1,958 42 

1,938 90 

1 00 

7 81 

0 

1,938 24 

250 

2,188 24 

2,172 20 

0 74 

6 41 



Fig 5 — Coated particles of \ari(ius sizes. I. 
rounding coat on compressed tablet, 2, compressed 
tablet made from granulation prepared by coating 
procedure; 3, wax-coated particles (16-20 mesh), 
4, wax-coated particles (35-40 mesh), 5, lipoprotein- 
coated particles (40-80 mesh), 6, resin-coated 
particles (40-80 mesh) 

the same as in the previous tests and distorts the 
true value of the atomized solids lost 

Practical Applications. — This paper includes only 
exploratorj' work in the realm of practical applica- 
tions Subsequent papers will deal more specifi- 
cally with this phase of the work However, the 
process seems to be well suited for applying round- 
ing coats to compressed tablets and for coating 
smaller particles with a variety of materials 

The rounding coats on tablets were applied in a 
remarkably short time (twenty-five to forty-five 
minutes). Simple syrup yielded a highly crystalline 


and somewhat rough coat, however syrups which 
formed a more amorphous coat gave a smoother 
product It is believed that refinements of the 
atomization system and formulation changes will 
make it possible to applj- the finishing coats to 
tablets by this method 

Since a wide variety of substances can be applied 
by this method small particles can be coated for 
many purposes such as to change the rate of drug 
release from the primary particle, to inhibit the 
chemical decomposition of drugs, and to modify 
flow properties Other exploratory work indicates 
that film type coats on compressed tablets and 
tablet granulations can be prepared by this method 
Also, materials such as those used in compression 
coating can be applied to drug granules and tablets 
prepared with a single compression operation ivitli 
an ordinary tablet machine 

Figure 5 shows particles of several sizes which 
were prepared by this process 

SUMMARY 

A new air-suspension method for the rapid 
application of coating materials to small parti- 
cles and compressed tablets is described. 

The described process does not appear to be 
limited by either the coating materials or the 
solvent system, as both polar and nonpolar ma- 
terials and solvents have been successfully em- 
ployed in the coating fluid. 

Preliminary investigations indicate the de- 
scribed process to be suitable for applying round- 
ing coats for sugar-coated tablets, film type coats 
to compressed tablets, and protective coats on 
small particles to prevent chemical decomposi- 
tion. The process also appears to be useful for 
applying coating materials for the purposes of 
controlling drug release, improving flow prop- 
erties of small particles, preparing tablet granu- 
lations, and many other coating operations m 
the pharmaceutical, food, animal feed, and other 
industries 





Synthesis and Antifungal Studies on 
Sorbic Acid Derivatives* 


By DALE H. CRONKf, LOUIS C. ZOPF, and JAMES W. JONES 


Nine esters, one amide, and two amine salts 
of sorbic acid were prepared and tested 
against four pathogenic fungi by two meth- 
ods. Of the twelve compounds, <j-hydroxy- 
phenyl sorbate, chlorothymol sorbate, iso- 
butyiaraine sorbate, and morpholine sor- 
bate exhibited the greatest activity. 

M any compounds have been prepared and 
tested for antifungal activity. At the on- 
set, the greatest interest was centered on com- 
pounds which would protect agricultural products 
against fungi which attacked the living plants or 
the crops derived therefrom to produce diseased 
plants or spoilage in the crop. In more recent 
years, attention has been given to compounds for 
the control of fungal-incited disorders in man 
and other animals. Among the compounds in- 
vestigated are the fatty acids and their salts or 
organic derivatives. Rigler and Greathouse (1) 
studied the antifungal properties of fatty acids in 
connection with the resistance of plants to certain 
fungal diseases. They found that antifungal ac- 
tivity increased as the lengtli of the carbon chain 
increased up to Cu, after which activity de- 
creased. Geigy (2) reported that certain amides 
of a,d-unsaturated acids possess antifungal ac- 
tivity. Further studies on unsaturated acids 
led to the use of salts of undecylenic acid in the 
treatment of athletes foot and other dermatoses 
caused by fungi. 

Sorbic acid, which is intermediate in the fatty 
acid series in respect to carbon chain length and 
is unsalurated at the a,/3 and 7,3-positions, has 
been approved for the prevention of certain mold 
growths in foods, beverages, and cosmetic prod- 
ucts. Since little work has been reported on the 
use of sorbic acid or its derivatives in the control 
of fungi which produce dermatoses or internal 
disorders in humans, the purpose of this investi- 
gation was to prepare certain derivatives and 
submit them to a preliminary screening against 
four strains of fungi which are known to be patho- 
genic. The fungi used were: (a) Mtcrosporum 
ranis, which is responsible for approximately 10 
per cent of the cases of ringworm of the scalp 
(tinea capitis) among children in the United 

• Received Aim! 9. lO.V.i. from llic Stale University of 
loNva, CidlcKc of Pliurmacy. Iowa City 

/\b«iiroctc<J from n dis’^crtalion submitted by Dale H. Cronk 
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t Present adtlress Northeast Louisiana State College 
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Prcscntetl to the Scientific Section, A. Pir. A,, Cincinnati 
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States. It also attacks glabrous skin, (b) 
Microsporiiin gypseiim, which can produce tinea 
capitis and/or ringworm of the glabrous skin, but 
is not a common causative agent, (c) Micro- 
sporum audonini, the chief causative agent of 
tinea capitis among children. It also attacks 
glabrous skin, (rf) Trichophyton riihrim, the 
most common cause of chronic dermatophytosis 
of the hands, feet, nails, and glabrous skin. 


EXPERIMENTAL 


Synthesis. — The esters and the anilide of sorbic 
acid' were prepared in the usual manner by the ac- 
tion of sorbyl chloride on certain phenolic compounds 
and aniline. The morpholine and isobutylamine 
salts were prepared by reacting sorbic acid with the 
amines. Table I shows the derivatives prepared 
along irith their melting points, yields, and analyti- 
cal data. 

Antimycotic. Method A . — The sorbic acid deriva- 
tives were tested for antimycotic activity against 
Microsporum ranis, M. gypscum, if. andouini, and 
Trichophyton nibritm. Spore suspensions for inocu- 
lation of the plates were prepared by removing pure 
colony growths from an agar slant and placing them 
in a 2-oz. widc-mouth bottle. Small pieces of glass 
rod and 20 ml. of water for injection were added and 
the bottle was shaken vigorously to disperse the 
spores. The agar plates were then inoculated with 
0.5 ml. of this spore suspension. 

The first series of plates were prepared by adding 
20 ml. of the following medium, pH 6.2, to each 
plate; Glucose, 10.0 Gm.; Peptone, 2.0 Gm.; 
KHjPO,, 0.5 Gm.; MgSO,, 0.5 Gm.; Agar, 15.0 
Gm.; and Water, q. s. 100.0 ml. Two plates per 
organism per compound were used. 

The test compounds, with the e.\-ception of mor- 
pholine sorbate, were dissolved in acetone in 5% 
concentrations. Water was used to dissolve 
morpholine sorbate since it was not soluble to the 
c.\'tent of 5% in acetone. Four drops of the 
solutions were placed on 12.7-mm. paper disks 
which were placed in the center of the inoculated 
plates. The zones of inhibition in mm. were meas- 
ured after the plates had been incubated for fourteen 
days at room temperature. These data are recorded 
in Table II. 


Another modification was that the seed cultures 
were grown in Petri dishes. Wnien the colony had 
nearly covered the agar surface, 5-inm. squares were 
cut from ati active growth area and transferred to 
the centers of freshly prep.ared agar plates. Four 
disks, impregnated with a compound as described 
above, were placed equidistant from each other at 
the peripherj- of the agar bed. The plates were 
then incubated at room temperature for fourteen 
day.s after which the total colony growth was meas- 


< SuPl> leU through the courtesy of Carbide and Carbon 
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Table I — Esters, Anilid, and Amine Salts of Sorbic Acid 



Ester or Amine 

Yield, 

M p , 

No 

Comoonent 

% 

“C 

1 

/i-Chlorophenol 

53 

64-66 

2 

2,4-Dichlorophenol 

65 

73-75 

3 

2,4,5-TrichIorophenol 

16 

100-102 

4 

fi-lert Butylphenol 

36 

56-58 

5 

Methyl /i-hy’droxy 
benzoate 

70 

91-93 

6 

Hexylresorcinol 

5 

95-97 

7 

o-Hy’droxyphenoI 

28 

120-123 

8 

Chlorothy'mol 

34 

Viscous 

liquid 

9 

o-Chloro-m-cresol 

65 

49-51 

10 

Aniline 

49 

150-153 

11 

N-Isobutylaraine 

79 

a 

12 

Morpholine 

96 

131-136 
with de- 


compn 


c. 

c. 

H. 

H, 

N. 

N, 

Calcd 

Fount! 

Calcd 

Found 

Calcd 

Found 

64 86 

64 97 

4 95 

5 21 



56 25 

56 09 

3 90 

4 07 



49 65 

60 10 

3 10 

3 28 



78 68 

78 49 

8 19 

7 93 



68 29 

67 87 

5 69 

5 41 



75 00 

75 86 

8 33 

8 62 



70 58 

71 13 

5 88 

6 29 



69 06 

67 58 

6 83 

6 94 



61 10 

66 11 

5 50 

5 56 



77 00 

77 65 

6 95 

6 76 

7 48 

7 19 

64 86 

64 84 

10 27 

10 06 

7 56 

7 33 

60 30 

60 75 

8 54 

8 69 

7 03 

7.11 


“ No definite m p , gradually liquefied from 80-90® 

Table II — Zones of Inhibition in mm , Com- 
pounds AT 5% w/v Concentration” 


Compound 

M 

Organism 

M M 

T 

No 

cant^ 

gypsenm 

audouttif 

rttbrnnt 

1 

19 

21 

19 

17 

2 

21 

18 

27 

19 

3 

19 

16 

30 

23 

4 

17 

14 

16 

19 

5 

0 

0 

0 

0 

6 

0 

17 

20 

19 

7 

21 

24 

26 

31 

8 

50 

40 

83 

54 

9 

20 

18 

23 

24 

10 

0 

20 

16 

15 

11 

18 

14 

29 

29 

12 

23 

0 

20 

35 

Sorbic 

acid 

33 

33 

41 

37 


” Average of four measurements from disk to edge of 
grow th 

tired in ram An average of four diameter measure- 
ments was recorded See Table III for these data 

Table III — Width of Colony Growth in mm 
Diameter, Compounds at 5% w/v Concentra- 
tion 


-Organism- 


Compound 


M 

M 

T 

No 

cants 

gypsenm 

audoutnt 

i nbrnm 

1 

38 

59 

48 

44 

2 

66 

64 

56 

54 

3 

57 

65 

a 

55 

4 

60 

56 

52 

48 

5 

55 

54 

a 

59 

6 

65 

59 

53 

42 

7 

60 

64 

« 

48 

8 

36 

51 

21 

37 

9 

61 

54 

48 

50 

10 

62 

65 

Oi 

65 

11 

59 

53 

48 

40 

12 

59 

54 

46 

47 

Sorbic 

Acid 

38 

65 

32 

36 


“ Plate contaminated 

For identification of compounds see Table I 


Method B. This method consisted of streaking 
0.5 ml. of spore suspension over the surface of a 
Sabouraud’s agar plate. Solutions of the com- 
pounds were incorporated into hydrophilic oint- 


ment in 0.3 mole/Kg concentration based on 
the sorbate ion content of the molecule. The oint- 
ments were placed in collapsible tubes having an 
orifice about 2 mm in diameter Strips of the oint- 
ments, 5 cm long and 2 cm apart, were placed on 
the inoculated plates Zones of inhibition were de- 
termined after incubating the plates for nine days 
at room temperature. The zones were recorded in 
square mm They were determined by placing 
graph paper, divided into 6 3-mm squares, under 
each plate and counting the number of squares in the 
clear areas These results are shown in Table IV. 


Table IV — Zones of Inhibition in Number of 
Square mm of Area, Compounds Tested at 0 3 
Mole Sorb ate /Kg op Base 



., 

Organism 


Compound 

M 

M 

AT 

T 

No 

cams 

gypseu m 

audomm 

rnhrnm 

1 

238 

647 

834 

540 

2 

66 

476 

687 

437 

3 

0 

0 

0 

250 

4 

0 

304 

302 

449 

5 

0 

0 

0 

222 

6 

132 

159 

488 

357 

7 

331 

953 

1,322 

913 

8 

1,255 

1,322 

1,759 

1,170 

9 

699 

1,026 

1,326 

993 

10 

238 

476 

461 

647 

11 

1,255 

1,945 

1,957 

1,719 

12 

Sorbic 

1,032 

1,771 

1,957 

1,532 

Acid 

913 

1,429 

2,461 

1,191 


DISCUSSION 

The results of method A as shown in Tables II 
and III indicate that only chlorothymol sorbate was 
more effective than sorbic acid against the four or- 
ganisms used When method B was employed, the 
activity' of the compounds was generally’ greater 
with chlorothymol sorbate, /i-chloro-HJ-cresyl sor- 
bate, isobuty'lamine sorbate, and morpholine sorbate 
exhibiting the best activity. The difference in the 
activities shown in methods A and B could be due to 
the fact that the ointments were prepared on the 
basis of moles of sorbate ion per 100 Gm of ointment 
rather than the w/v percentages, based on the en- 
tire compound used in preparing the solutions; hence, 
more drug was present to inhibit organism growth. 
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Also, the hydrophilic base may have aided in the 
dispersion of the drugs through the agar medium 
which is also aqueous. This factor might be espec- 
ially true in the case of the water-soluble isobutyl- 
amine and morpholine sorbates. 
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Binding of Drugs by Plastics T 

Interaction of Bacteriostatic Agents With Plastic Syringes 

By E. MARCUS, H. K. KIM, and J. AUTIAN 


A preliminary study was undertaken to ascer- 
tain if plastic syringes would bind certain 
bacteriostatic agents having acidic hydrogens. 
Three types of plastic syringes (nylon, poly- 
ethylene, and polystyrene) were included in 
the investigation. The results indicated that 
only the nylon syringe had any effect on the 
agents studied. Binding occurred within a 
relatively short contact period and was tem- 
perature dependent. 

Tn the past several years, in this country 
and even more in Europe, more and more 
plastic appliances and devices have been intro- 
duced into medical and pharmaceutical practice. 
These plastic materials are replacing glass, 
rubber, and metals in such devices as tubings, 
containers, syringes, etc. 

Unfortunatel)^ the wide acceptance of plastics 
in other fields has created the illusion that plas- 
tics are inert and safe for any and all purposes. 
Some of this thinking has diffused into the medi- 
cal and pharmaceutical field. There is at pres- 
ent, however, some concern by responsible rep- 
resentatives of the medical profession, phar- 
maceutical industry, plastic industry, and govern- 
mental agencies that certain plastic materials 
may be harmful, depending upon their use. 

Part of the difliculty of recognizing that 
plastics may create some unfortunate problems 
with medicinal products is that many limes 
information on a sample of plastic such as poly- 
ethylene, polystyrene, etc., will not always 
apifiy to another plastic with the same generic 
name. This may lie understood if one considers 
that numerous formulations arc available for 
the same generically named plastic. For c.vam- 
plc, one plastic manufacturer states that over 


• Received Mnrch 2. I9,’i!>. from tlie University of Michi- 
Rfin. College of Pharmacy, Ann Arhor. 
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two hundred formulations are used to produce 
polya’inyl chloride tubing. 

Literature (1-5) contains much information 
concerning the acute and chronic toxicity of 
poly'mers and various additives upon animals. 
Less information (6) is available on chronic tox- 
icity in humans. Unfortunately, only meager 
information is found on the effect of the plastic 
on a drug system or the effect of the drug system 
on the plastic. 

One of the chief problems encountered with 
polyethylene is that it is pervious to gases and 
volatile substances (7). For example, volatile 
oils in certain pharmaceutical and cosmetic 
products have penetrated through the walls of 
the container, causing a change in aroma of the 
product (8). Penneation of air through the 
walls of the polyethylene containers has pro- 
duced a change in color and taste of tetracycline 
suspension (8). Emulsion stability has been 
noted to decrease on storage in a plastic con- 
tainer as compared to storage in a glass con- 
tainer (9). Certain oils, such as mineral oil, 
myrrh, and Nigerian balsam deformed poly- 
etliylenc bottles over a period of time (8). 
Sprays consisting of a combination of phenyl- 
ephrine hydrochloride and thenylpyramine hy- 
drochloride produced a brown precipitate when 
stored in polyethylene bottles. Clear, colorless 
polystyrene containers developed a cloudy 
appearance when exposed to certain fixed oils 
for several days (9). 

Aqueous solutions of pentylenetetrazol have 
c.xcrtcd a solvent action on several types of 
plastics (10). \'arious other parenteral prod- 
ucts when exposed to polyvinyl chloride tubings 
were found to release acidic constituents to 
the solution (9). In certain instances, the 
plastic tubings caused a color change in the 
parenteral product. Leaching occurred with 
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several types of plastic tubings, indicating that 
one or more of the additives in the tubing were 
released to the solution, depending upon the 
drug system exposed 

In the evaluation of certain t> pes of plastic 
disposable barrels (11), it was found that par 
aldehjde injection dissolved pohstjrenc bar 
rels within live hours Dimercaprol injection 
produced an etching and clouding on the sur 
face of polystyrene barrels but did not affect 
polyethj lene or nylon barrels (11) A parenteral 
product containing diethyl carbonate as a sol 
vent immediately dissolved a plastic hub of a 
disposable hypodermic needle (12) 

The above review indicates that mcoinpati 
bihties may occur which are easily discernible 
It IS also obvious that when a visible physical 
change has occurred in a drug sjstem or the 
plastic, the medical practitioner will certainly 
refrain from the use of that medication If 
the incompatibility is not so obvious, then the 
practitioner or nurse will not be alerted as to 
the consequence of the medication 

Certainly, no one will question the importance 
of leaching of a substance from the plastic device 
into an injectable product, but of equal im 
portance to the clinician is the realization that 
the drug product contains the full strength of 
the prescribed medication after contact with 
plastic devices such as tubings or s) ringes 

From a review of the chemistry of a number 
of poljmers utilized in plastics the authors 
speculated that certain polymers could conceiv 
ably bind a medicinal agent Furthermore, it 
was felt that those polymers containing charged 
negative centers, such as carbonj'l groups, couid 
react with proton donating agents forming an 
mtermolecular complex In the past few j ears, 
a number of such mtermolecular reactions have 
been reported for macromolecules and those 
chemical agents having acidic hydrogens (IS- 
IS) 

In order to ascertain if certain types of plas 
tics would appreciably absorb or bind certain 
medicinal agents, this preliminary study was 
initiated The experiment was designed to 
include three types of plastic barrels previously 
employed (11) m an incompatibility stud} 
The three plastic barrels were n}lon, poh ethyl 
ene, and pol}st}rene 

EXPERIMENTAL 

Apparatus and Reagents. — Beckman DU spectro 
photometer, Beckman pH meter, model G, and 
constant temperature ovens Parahj droxj benzoic 
acid, Eastman Organic Chemicals, meth> Iparaben 
U S P Hejden Chemical Corp , propj Iparaben 


U S P , He} den Chemical Corp , sorbic acid 
Eastman Organic Chemicals phenol (C P ) 
Allied Chemical &. I)} e Corp , and 4 cliloro 3 
meth} Iphenol, Eastman Organic Chemicals 

Plastic syringes (n}lon, pol} ethylene, and poly 
styrene) supplied through Becton, Dickinson &. 
Co , Rutherford, N J 

2,6 Dth omoqiiinone chloronnidc reagent solution 
2,6 DibromoQumone chloroimide, Eastman Organic 
Chemicals (80 mg of reagent dissolved in 25 ml 
of acetone free ethyl alcohol) Buffer solution, 
pH S 3 Boric acid, 12 309 Gm , potassium chloride, 
14 91 1 Gm sodium hy droxide, 1 600 Gm , and 
distilled water to make, 1000 ml (When 5 ml 
of 1% sodium hydroxide is added to 10 ml buffer 
solution, a pH of 9 8 is obtained ) 

Methods of Analysis — Each bacteriostatic agent 
was recrystalhzed twice according to standard 
chemical procedures and the melting point deter 
mined to insure a relatively pure compound 

Utilizing the procedure suggested by Singer and 
Stern (19), a colorimetric method of analysis was 
employed for the determination of phenol in aque 
ous solutions 

Essentially , the procedure involves the produc 
tion of a color by the addition of 2,6 dibromoquinone 
chloroimide reagent solution to phenol in a 1% 
sodium hydroxide solution The solution is then 
adjusted to a pH of 9 8 with bone acid sodium 
hydroxide buffer system After fifteen minutes 
the absorbance of the solution is measured at 600 
mji in a spectrophotometer In all instances, the 
solution to be assay ed is adjusted to contain 8 
or less of phenol 

The other five agents were assayed by normal 
spectrophotometric methods of measuring the 
absorbance of the solutions in the ultraviolet region 
at the wax elengtli giving maximum absorption 
Tor each agent the maximum absorption and eon 
centration arc included in Table I Each of the 
agents conformed ixith the Beer Lambert laxx 
within the range of concentrations employed 


Table I — Wavelength of Maximum Absorption 
AND Concentration Used in Cell 


Bacteriostatic Agent 

Wave 

length 

ni/i 

Conen 

mg /lOO 
ml 

Parahy droxy benzoic acid 

250 

0 8 

Methy Iparaben 

256 

0 8 

Prop} Iparaben 

256 

0 8 

Sorbic acid 

256 

0 8 

4 Chloro 3 methy Iphenol 

280 

4 0 


Binding as a Function of Concentration and 
Temperature — Only the barrels of each type of 
syringe were employed m this study The metal 
canulas w ere remox ed from the sy rmges and the 
tips at the junction of the canula and the barrel 
were fused by the application of heat All of the 
barrels in the series xvere of 2 ml capacity 

Four concentrations (except for phenol) for 
each agent were prepared using double distilled 
water as the solvent To dissolve the propylpara- 
ben and the sorbic acid, it xxas first necessary to 
dissolve these tx\o agents in a small quantity of 
alcohol Each solution was then placed into each 
type of plastic barrel and stoppered with a suitable 
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plug The plugs were composed of rubber stop- 
pers encased m a strip of Parafilm’ and tightly 
serened into the open end of the barrel to minimize 
vaporization of the solution It was found that 
even after forty-eight hours at 50°, the volatiliza- 
tion was not significant to markedly affect the 
assays 

The barrels were then stored at three different 
temperatures (5, 30, and 50° ± 1°), taking particular 
care not to have the solutions in contact with the 
stoppers For each concentration, triplicate sam- 
ples were employed as well as a control sample 
stored in a Pyrex test tube. After forty-eight 
hours of storage, the barrels were removed and 
the solutions from the triplicate samples pooled 
These pooled samples were then assayed for their 
specific agents Results were calculated as the 
average value for one barrel 

The results of this experiment indicated that 
only tlie nylon barrels bound an 5 ’ of the agents 
studied For this reason, only the data of the 
nylon barrels were included in this paper. Tables 
I!-\TI include these results calculated as agent 
bound to the nylon The data from the tables 
arc plotted for each agent as bound agent m. 
unbound agent and arc shown in Figs 1-6. 

Binding as a Function of Time. — Another e.\- 
periment was conducted to determine the e.vtent 
ol binding over a period of one week. In this ex- 
periment, solutions of the bacteriostatic agents 
were prepared at their usual pharmaceutical con- 
centrations and placed into each type of barrel 
as described previously Enough samples were 
prepared (in duplicate) to insure an adequate 
supply for the various determinations over the 
one week period The results of this study are 
included in Table VIII and Fig. 7. 



UNBOUND 
(mg /ICX)CCJ 


1 — niiuUtJK par;ilnf!ro\\bcnr<MC acid hv 
in Ion MTingcs 

’ T rulcin irkrtl j»r«Hlucl uf MaralJion Corp Mcm'^ha 



UNBOUND 
(mg / lOOcc ) 


Fig. 2 —Binding of methylpambcn by nylon 
syringes 



UNBOUND 
{mg /lOOml) 


Fig. 3— Rinding of prop} Iparabcn by nvion 
s.vnngcs. 

Each of the barrels above (after the onc-wcek 
period) was dried with a dean, lint-free cloth and 
distillcti water was placed into it. After forty- 
cfg/it^ hours stonige at room temper.atnrc. the 
vilutions were an.alyred for the bacteriostatic 
agent originally present. In all instances, there 
was dcMirption occurring. N'o further study 
w,iv contimicd on this desorption experiment. 
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Table II — Binding or Par ah ydrox\ benzoic Acid by Xylon Barrels as a Function or Concentration 

AND Temperature 


Concn 

o°C 

Bound 
rag /lOO 

Bound, 

% 

ml 

% 

0 20 

15 1 

7 6 

0 10 

8 6 

8 6 

0 04 

6 9 

17 3 

0 02 

4 2 

21 0 


Concn , 

30° C 

Bound, 
mg /lOO 

Bound, 

% 

ml 

% 

0 20 

100 7 

50 4 

0 10 

57 2 

57 2 

0 04 

26 7 

66 8 

0 02 

14 2 

71 0 


Concn , 

50°C 

Bound, 
rag /lOO 

Bound, 

% 

ml 

% 

0 20 

161 5 

80 8 

0 10 

84 9 

84 9 

0 04 

34 7 

86 8 

0 02 

17 4 

87 0 


Table III — Binding or Methylparaben by Xylon Barrels as a Function of Concentration and 

Temperature 


Concn , 

Bound, 
mg /lOO 

Bound 

% 

ml 

% 

0 20 

23 3 

11 7 

0 10 

12 5 

12 5 

0 04 

5 0 

12 5 

0 02 

2 3 

11 5 


Concn , 

30°C 

Bound, 
mg /lOO 

Bound, 

% 

ml 

% 

0 20 

95 4 

47 7 

0 10 

50 0 

50 0 

0 04 

21 5 

53 8 

0 02 

11 0 

55 0 


Concn , 

50°C 

Bound, 
mg /lOO 

Bound 

% 

ml 

% 

0 20 

156 2 

78 1 

0 10 

79 2 

79 2 

0 04 

32 3 

80 8 

0 02 

16 1 

80 5 


Table H' — Binding of Propylparaben by Xylon Barrels as a Function or Concentration and 

Temperature 


■S'C 


Concn 

Bound 
mg /lOO 

Bound, 

% 

ml 

% 

0 10 

0 04 

7 2 

18 0 

0 02 

3 2 

10 0 

0 01 

2 1 

21 0 


Concn 

30°C 

Bound, 
mg /lOO 

Bound, 

% 

ml 

% 

0 10 

01 3 

61 3 

0 04 

28 7 

71 8 

0 02 

14 9 

74 5 

0 01 

7 7 

77 0 


Concn , 

50°C 

Bound 
mg /lOO 

Bound 

% 

ml 

% 

0 10 

88 0 

88 0 

0 04 

36 2 

90 5 

0 02 

18 3 

91 5 

0 01 

9 2 

92 0 


Table — Binding of Sorbic Acid by Xylon Barrels as a Function of Concentration and 

Temperature 


Concn , 

5®C 

Bound 
mg /lOO 

Bound, 

Concn , 

30°C 

Bound, 
mg /lOO 

Bound, 

Concn , 

50°C 

Bound, 
mg /lOO 

Bound, 

% 

ml 

% 

% 

ml 

% 

% 

ml 

% 

0 20 

9 8 

4 9 

0 20 

53 8 

26 9 

0 20 

113 8 

56 9 

0 10 

7 8 

7 8 

0 10 

33 4 

33 4 

0 10 

65 5 

65 5 

0 04 

2 8 

7 0 

0 04 

15 7 

39 3 

0 04 

26 5 

66 3 

0 02 

1 6 

8 0 

0 02 

8 1 

40 5 

0 02 

13 6 

68 0 


Table AT — Binding of Phenol by XT'lon Barrels as a Function of Concentration and Temperature 


Concn , 

5°C 

Bound, 
mg /lOO 

Bound, 

Concn , 

30°C 

Bound 
mg /lOO 

Bound, 

Concn , 

50°C 

Bound, 
rag /lOO 

Bound. 

% 

ml 

% 

% 

ml 

% 

% 

ml 

% 

5 00 

1750 0 

35 0 

5 00 

3000 0 

60 0 

5 00 

3500 0 

70 0 

2 00 

100 0 

5 0 

2 00 

900 0 

45 0 

2 00 

1300 0 

65 0 

1 25 

62 5 

5 0 

1 25 

565 0 

45 2 

1 25 

812 5 

65 0 

1 00 

50 0 

5 0 

1 00 

450 0 

45 0 

1 00 

650 0 

65 0 

0 50 

25 0 

5 0 

0 50 

225 0 

45 0 

0 50 

350 0 

70 0 


Table VII — Binding of 4-Chloro-3-methylphenol by XIylon Barrels as a Function of Concentra- 
tion AND Temperature 


Concn , 

5°C 

Bound 
mg /lOO 

Bound, 

% 

ml 

% 

0 40 

240 0 

60 0 

0 20 

65 0 

32 5 

0 10 

25 0 

25 0 

0 05 

11 3 

22 6 


Concn , 

30°C 

Bound 
mg /lOO 

Bound, 

% 

ml 

% 

0 40 

346 0 

86 5 

0 20 

170 0 

85 0 

0 10 

85 0 

85 0 

0 05 

42 5 

85 0 


-S0'>C 


Concn , 

Bound, 
mg /lOO 

Bound, 

% 

ml 

% 

0 40 

379 2 

94 8 

0 20 

187 6 

93 8 

0 10 

93 8 

93 8 

0 05 

46 4 

92 8 
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uNeouNO 
(mg /lOOfnU 


Fig. 4 — Binding of sorbic acid b3' n3’lon 53'ringes 



UNBOUND 
(mgjIO'/IOOml ) 

I'ig. 5 — Binding of piicnol b3' n3’lon s3Tinges. 


Taki.e \ in. — Per Cent of Agent Bound hy the 
N'yi,on Barrels at 30° 


llniR Initial 

Paralu'droNN’- 0 

benzoic acid 
(9.2%) 

Mctbvlp.irabcu 0 

(0 2 %) 

Propvlp.irabeii 0 

, ( 0 . 1 '^) 

Sorbic acid 0 

(0 2 %) 

Plieno! (2 Oc;,) o 

4-CUUiro-3- (1 


niclbvlpbcnnl 

(0 2 %) 


5 

hr 

14 4 

24 

hr 

31 G 

48 

hr. 

50 4 

1 

wk 

7S 7 

1.') 3 

34 1 

47 7 

75.5 

22 2 

44 4 

61 3 

85 I 

7.1 

13 7 

20 9 

47 0 

10 9 
S 4 

30 7 
.52 6 

47 4 
.59 6 

60 o 
5n5 5 



UNBOUND 
(m^/ lOOmI ) 


Fig. 6. — Binding of 4-chloro-3-ineth>’lplienol b3- 
nylon syringes. 

RESULTS AND DISCUSSION 

Analysis and Equilibrium State. — The analysis 
of the pooled solutions from three barrels ttas used 
in the e.tperiment because it was found that there 
could be variations in barrel action from one syringe 
to another. In most instances the difference tvas 
small, but occasionally there was a large discrep- 
ancy- in analytical results from one nylon barrel 
to another nylon barrel, even though both were 
distributed by the same source. Also, the pooled 
samples could be Iiandled more efiiciently than the 
individual samples from one barrel. 

Initially, it was felt that forty-eight hours of 
contact would be suflicient time for equilibrium to 
be reached, but this did not prove to be the case. 
Preliminary experimentation on this problem at 
30 indicated that a state of equilibrium would 
not be reached even after several weeks of contact 

Binding as Function of Concentration and Tem- 
perature. In this study the exact mechanism of 
interaction was not determined, however, ‘it ivas 
speculated that the carbonyl groups of the poly- 
amides acted as negative charged centers attracting 
the proton donating groups of the phenols, the 
main forces of bonding being through hvdrogen 
bonds Patel and Kostenbauder (17) have noted 
tins type of interaction when nylon diaivsis bags 
were used in a binding study of certain’ phenolic 
preservatives. Pakshver and Mankash (IS) pos- 
tulatcd that ])henols will bind to nylon b\- a dipole- 
dipole interaction. 

The plots in Figs. 1-6 had a relativelv linear rela- 
tionship at the lower concentration levels As the 
concentration levels of the agents (e.xcept phenol 
.ind 4-cIiloro-.3-mcthylphenol) were increased the 
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12 24 36 48 60 72 84 96 108 120 132 144 156 168 


TIME 
( HRS ) 

Fig ^ — Binding of drugs bj' nylon syringes as a 
(unction of time 

slopes of the lines decreased. For a first approxima- 
tion these curves resemble a Langmuir adsorption 
isotherm In dilute solutions, the molecules of 
the drug are not hindered in approaching the 
binding sites on the surface and within the nylon, 
but as the concentration is increased, there is hin- 
drance to the approach of the molecules for the 
remaining sites. 

The above relationship is not seen in Fig. 6 or 7 
for the two phenols. In this case, especially 
observed at 5°, there is an abrupt inflection and 
increase in the slope (increase in binding) of the 
line. One explanation for the anomalous results 
observed for the two phenols is based upon the 
fact that as the phenolic solution diffuses within 
the nylon, there is an alteration in the nylon struc- 
ture (reduction of tensile strength (20)). However, 
there appears to be a critical concentration level 
where the solution can literall)' “break-through” the 
polymer matrix Once this has occurred, a great 
many more sites are available. 

It is also obvious from all the figures that as the 
temperature is increased, the binding phenomenon 
increases. This probably is explained on the basis 
that the rate of diffusion is increased and, conse- 
quently, more sites in the polj’mer become available 
for the drugs to be bound. 

Binding as Function of Time. — Table VIII and 
Fig. 7 show the relationship between time of contact 
and degree of binding. Even after only five hours 


of contact at .30°, significant amounts of each bac- 
teriostatic agent were bound. After one week, 
in nearly all instances, over 60% of the agents were 
bound. 

Significance of Study. Perhaps the real im- 
portance of this preliminary study is the realization 
that plastic materials may not be inert to dnig 
systems Even though only six bacteriostatic 
agents were employed in this study, it ssems likely 
that other substances may behave in the same way 
with nylon or other plastic materials having polar 
groups. 

SUMMARY 

1. A study was conducted to determine if 
certain types of plastic sj'ringes would bind si.x 
bacteriostatic agents. 

2. The nylon barrel bound to various degrees 
parahydroxybenzoic acid, metliylparaben, pro- 
pylparaben, sorbic acid, phenol, and 4 chloro-3- 
methj’lphenol. 

3. Polyethylene and polystyrene barrels did 
not indicate any tendency to bind the six bac- 
teriostatic agents reported in this study. 

4. The degree of binding for each agent was 
influenced by concentration, temperature, and 
diffusion. 

5. Further research is being conducted on 
this type of problem. 
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Influence of Glutathione on the Inhibition of 
Escherichia coli by Kanamycin* 

By ROBERTSON PRATT and YOKO YUZURIHA 

The tolerance of Escherichia call ATCC 6522 for kanam)cin sulfate was increased 
from 5 /jg /ml to 15,000 ii% /ml in 63 serial passages through a chemicallj -defined 
medium containing increasing concentrations of the antibiotic Glutathione was 
shown to interfere with the growth-inhibiting effects of kanamycin on Escherichia 
coh when the kanamycin concentration was 5 /ig. or less per ml and the molecular 
ratio of kanamycin to GSH was approximately 16 or less 


T hd ability of Eschenchm coh to survive 
and multiply in the presence of potassium 
benzyl penicillin may be increased or decreased 
by the addition of glutathione (GSH) The 
direction and the magnitude of the change de 
pend on the absolute concentration of penicillin 
and on the relative concentrations of the anti- 
biotic and the GSH nith respect to each other 
(1) Apparently the complete GSH comple- 
ment IS required to produce the phenomenon, 
since the constituent moieties of GSH, whether 
supplied separately or together in the same ratio 
as in the complete molecule, do not reproduce 
the effect (2) 

We have become interested in extending these 
observations to other antibiotics The present 
report is concerned m ith the interaction of com- 
ponents in tlie E coll GSH kanamj'cin sy stem, 
as expressed through ability of the organism to 
multiply in a chemically defined nutrient solu- 
tion containing cither or both of the compounds ' 
Kanain\cin v as isolated in Japan in 1957 from 
culture filtrates of Sireploiiiyces kanamycettcus 
(.5) and m as developed industrially in the United 
States by the Bristol Laboratories mIio began to 
market the sulfate, under the trade name Kan 
trex, m 1958 Some of the basic and clinical 
research that preceded marketing of the drug 
has been collected in a single publication (-1) 

EXPERIMENTAL 

Methods — Lschcnchin coh ATCC G522 was 
muntaincd as in tlie iiork reported preiioush 
(1, 2) In daih transfers in Anderson's cliemicalh 
defined inedmni as modified b\ Cowic, cl at (.5) 
Inoculi for experiments were tikeii from cultures 
incubitcd at 37° for eighteen hours Organisms 
were centnfuged iiid washed thre-c times m sterile 
distilled water and fnialh were resuspended to 
gi\ c a iraiisimssioii of from 40 to 4S'’r, as determined 
in P\re\ tubes (IS mm , i d ) m a Lnmetron, Model 


* Uccen cd Aliril 2 la‘,S fnun the Uni\ crMU of California 
ScbtMil of rinrmTcj Sm I nnci’tct* 22 

Prcscntcil to the ^Mncnufic Vclioti A Pn A Cincinnati 
mcrimK Antni'^t 

‘ 1 he knn'im> cm u^c<\ m this w ork u as kmdl> i»ro\ idcij b\ 
the Bri‘>tol I ibonloncv 


402 EF, equipped with a neutral filter One milli 
liter of this suspension inoculated into 14 ml of 
medium provided a suspension with an initial 
optical density of 0 02 to 0 025 and an initial x uble 
count of approximately 200 X 10® organisms per 
ml Phosphate buffer was used to adjust culture 
solutions to pH 6 8 Cultures w ere incubated in 
inclined roller tubes rotating at a rate of 5 r p m 

Solutions of glutathione and of kanamycin were 
sterilized by' filtration through sintered glass 
All other components of the medium were sterilized 
m an autoclave 

Results — Mtmmuin Inhibitory Concentration — 
The MIC for the parent organism was between 5 
and 10 Jig of kanamy cm per ml m the medium that 
was employed At a concentration of 5 gg /ml , 
there was a small initial burst of growth during the 
first five hours, but two hours later the cultures 
were visually clear and remained so for tyventy- 
four hours (Fig 1) Hoyvever, grots th equal to 
that of control cultures occurred in forty eight 
hours No growth occurred, esen after prolonged 
incubation, yyhen the organisms were inoculated 
into media containing 10 jig of kanamy cm per ml 

Resistance — Upon transfer of organisms that 
had grown out m forty eight hours m culture me 
dium containing 5 jig /ml to fresh solutions con- 
taining the same concentration of drug, full growth 
occurred in twenty four hours or less Subcultur- 
mg these organisms m increasing concentrations of 
antibiotic yielded, m 63 transfers, a strain that 
produced full growth in tiyenty four hours m me- 
dium containing 15,000 jig kanamycin per ml 
Full growth we define as grosvth equnalcnt to that 
of the parent strain (nexer exposed to the anti 
biotic) in twenty four hours m the standard anti- 
biotic free medium 

Effect of Glutathione — All experiments with 
GSH yycre conducted with the parent strain of 
E coll yyhicli had not been exposed previously to 
kanamycin Maximum growth of the organism 
was not affected bx addition of from 0 02 to 200 
Jig of GSH/ml to the antibiotic free culture me 
dium The rate of growth during four to fix e hours 
xxas slightly accelerated when the medium con- 
tained 20 jig or 200 Jig of GSH/ral but not when 
It contained lesser concentrations 

111 culture solutions containing 1 jig of kanamycin 
per ml there was some reduction of growth during 
the first few hours after inoculation but no signifi- 
cant effect after twenty four hours (Eig 1) Sup- 
plied at an initial conccntratioii of 2 jig /ml , kana- 
my cm caused substantial retardation of ^oxvtli 
for at least sexen hours and an appreciable reduc- 

403 
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tion even at the end of twenty-four hours How- 
ever, these effects were eliminated when as little 
GSH as 0 02 pg /ml (6 5 X was added to 

the medium, and growth eurves for these cultures 
and those eontaining larger amounts of GSH were 
the same as for antibiotic-free control cultures 
provided with the corresponding concentrations of 
additive 

Addition of GSH at a level of 0 2 /jg /ml (6 5 X 
10~''M) partially reversed the inhibitory action of 
kanamycin supplied at a concentration of 3 i<g /ml. 
Lower concentrations of GSH had no effect As 
the concentration of GSH was increased to 2 0 
and then to 20 ;ug /ml , there was progressive 
diminution of the inhibitors' action of the antibiotic 
during the first seven hours of growth, and after 
twenty-four hours the optical density of cultures 
initiallj' containing 3 pg of kanamj'cin and from 
0 2 to 20 iug of GSH per ml was equal to that of 
the control culture (Fig 2) 

At kanamycin levels of 4 /ig and 5 /ig /ml , 



Fig. 1 — Growth of Escherichia coh ATCC 6522 in 
a_ chemically-defined medium containing the in- 
dicated concentrations of kanamycin 


addition of GSH also partially reversed the action 
of the antibiotic (Fig 2). No growth occurred, 
even upon prolonged incubation, in media contain- 
ing 10 jug of kanamycin per ml , irrespective of the 
concentration of GSH. 

The approximate parallelism of the seven-hour 
curves for 3, 4, and 5 ng of kanamycin per ml 
(Fig 2) indicates that a given increase in GSH con- 
centration was accompanied by an approximately 
equal (percentagewise) reduction in the inhibitory 
effectiveness of the antibiotic, irrespective of the 
concentration of the latter At GSH concentra- 
tions above 20 /ig /ml , the curves flattened off 
The optical density at seven hours for cultures 
containing 200 iig. of GSH per ml was not signif- 
icantly different from that of cultures containing 
only 20 jug of additive per ml 

A different situation obtained at twenty-four 
hours In cultures containing, respectively, 3, 4, 
and 5 jug. of kanamycin per ml , a given increase 
in GSH concentration was accompanied by pro- 
gressively greater reduction in inhibitory' effective- 
ness of the antibiotic as the concentration of the 
latter increased. This is indicated by the progres- 
sively increasing slopes of the curves for the in- 
creasing concentrations of antibiotic (Fig 2) 
As was found for the growth at seven hours, a GSH 
concentration of 0 02 ng /ml had no effect on the 
total twenty'-four-hour growth of organisms ex- 
posed to 3, 4, or 5 isg of kanamycin per ml , and 
raising the GSH concentration to 200 jug,/ml. had 
no significant effect beyond that associated with 
the 20 fxg /ml level 

Calculations of molecular concentrations showed 
that, as a generalization, when the absolute con- 
centration of kanamy'cin was in the range 3 to S 
jug /ml (6 2 X 10-« to 10 3 X 10-« M) and the 
kanamycin GSH index (molecular concentration 
of kanamycin divided by molecular concentration 
of GSH) was of the order of approximately' 16 or 
less, the effectiveness of the antibiotic against 
E colt w'as diminished This was a purely empirical 
observation, and we do not mean at this time to 
suggest that biochemical implications with respect 
to mechanisms of action of kanamy'cin can be 
drawn from it 



Fig 2 — The effect of increasing concentrations of glutathione on the inhibitory' action of the indicated 
levels of kanamycin against Eschenchta coh ATCC 6522 
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DISCUSSION 

It remains to be determined whetlicr inhibitory 
effects of GSH on the antibacterial action of kana- 
raycin, similar to those described above, can be 
demonstrated ivith other organisms and in other 
media. Also remaining to be determined is the 
significance, if any, of the increasing inhibitory 
effect at twenty-four hours of a given increment of 
GSH concentration as the concentration of kana- 
mycin was increased from 3 to 5 i<g./ml. when no 
such effect could be observed at seven hours. 

However, the observed data suggest interesting 
speculation concerning their possible clinical sig- 
nificance. Currently available data indicate that in 
adults a daily dosage regimen of 0.25 Gm. per eight 
hours can be e-^pected to produce serum concentra- 
tion of kanamycin ranging at different times from 
about 2.0 to 12.0 pg./ral. or that on a 0.5 Gm. 
per twelve-hour schedule a range of about 2.0 to 
28.0 pg./ml of serum can be anticipated, depending 
on the time elapsed since the last previous injection 
and factors of patient variability (6). The figures 
are rough!}' compatible with data showing a range 
from 1.3 to 14 jig./ral. of serum in infants and chil- 
dren receiving a single intramuscular dose of 5 mg./ 
Kg. (7). Assuming that scrum accounts for approxi- 
mately 60% of the total volume of whole blood (8) 
and that most, if not all, of the blood-kanamycin 
is in the serum, the above figures are comparable to 
whole blood levels ranging from less than 1,0 to 
about 17 >»g./ml. 

Blood or scrum levels of antibiotics are not im- 
portant in themselves, in the absence of bacteremia. 
Since the primary action of most antibiotics is 
exerted directly on the invading organisms and 
not indirectly, as for example, through effects on 
host defense mechanisms, it is the actual concentra- 
tion of the drug at the sites where the pathogens 
are that is important in determining clinical effec- 
tiveness. But since it is not always possible or, 
if possible, convenient to determine concentrations 
at the specific sites of infection, it has become con- 
ventional to rely on the blood level as an index of 
therapeutic concentration. Justifiable as this prac- 
tice is empirical!}', it is important to bear in mind 
Hint the blood level is simply a symbol and, even 
though it may bear a definite relationship to the 
antibiotic concentrations in various other body 
tissues and fluids, not to confuse it. in absolute 
terms, with the value for which it is merely an 
index. The figures cited in the preceding paragraph 
indicate that at certain periods during treatment 
with kanamycin the concentration of the antibiotic, 
as judged by the response of E. colt, falls within 
the range in which action of the drug is subject 
to interference by GSH. It seems entirely possible 
that the periods during which such concentrations 
prevail in other tissues and fluids may be reached 
sooner and last longer. 

Reliable data are available on the GSH content 
of blood and of a few specific organs, c. g , the eye 
and the liver, but there seems to be a scarcity of 
data relating to body tissues or organs in general. 
However, tissue levels of GSH probably are usu.aHy 
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at least as high as the minimum concentration 
(0.02 to 0.2 pg./ml.) shown above to interfere with 
the antibacterial action of low concentrations of 
kanamycin against E. coU in a synthetic medium. 

The normal GSH content of human blood has 
been reported to be about 350 #ig./ml. (9). In 
severe mental disease (schizophrenia, manic-de- 
pressive psychosis, and involuntional melancholia), 
the GSH index may be reduced as much as 40% 
(10), Likewise, "marked reduction in blood 
GSH” has been observ'ed in ketonemia accompany- 
ing diabetes and in diffuse and severe liv'cr disease. 
Even so, the GSH content of the blood is not likely 
to fall below 175 to 200 pg./ral. Presumably most 
of the GSH is in the formed structures (mostly 
erythrocytes) of the blood (9), but some may also 
be present in serum. 

The inhibitory effect of GSH on the antibacterial 
activity of low concentrations of kanamycin may 
merit consideration in planning injection schedules 
aimed at achieving maximum clinical effectiveness 
of the drug. 


SUMMARY 

The effect of kanamycin on the growth of 
Escherichia coli ATCC 6522 in a chemically 
defined medium, with and without addition of 
glutathione (GSH), has been studied. 

1. The minimum inhibiting concentration of 
kanamycin in the absence of GSH was between 
5 and 10 pg./ml. 

2. A 3,000-fold increase in tolerance was 
developed in 63 serial passages of the organism 
through increasing concentrations of the drug. 

3. GSH in a concentration of 0.02 pg./ml. 
completely nullified the inhibitory effect of 
kanamycin supplied in concentrations of 1 or 

2 fig./ml 

4. In a concentration of 0.2 pg. or more per 
ml., GSH partially or completely reversed the 
antibacterial action of kanamycin provided at 
3, 4, or 5 pg,/ml. The degree of reversal was a 
logarithmic function of GSH concentration 
between 0.2 and 20 pg./ml. and depended on the 
time at which obsen'ations were made. 

5. Speculation on a theoretically possible 
clinical implication of the data is suggested. 
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Saponins and Sapogenins IV* 

Isolation of Oleanolic Acid from Seshania Aegyptica Pers. 

By M. O. FAROOQ, I. P. VARSHNEY, and MOHD. S. Y. KHAN 

The seeds of Sesbatita Aegyptica Pers have been found to contain two triterpenic 
sapogenins, one an acid sapogenin and the other a neutral one The acid genin has 
been identified as oleanolic acid by a direct comparison of the melting point and the 
infrared spectra of the methyl ester of the acetate with an authentic sample 


^esbama Aegyptica Pers , locallj known as 
^ ‘ Ravasm, is a member of the family Le 
guminosae, sub family Papihonatae, and grows 
v\ild throughout the plains of India Owing to 
its rapid growth it is being increasingly used as a 
hedge plant and it is a good cattle feed The 
seeds are used m cases of the enlargement of the 
spleen (1) A number of the plants of the family 
Legiiminosae have been found to contain saponins 
and sapogenins (2-5), but the only record about 
this plant IS that it contains no saponin (C) 
During our uork on the fat content (7) of the 
seeds of the plant, the presence of a saponin was 
indicated and therefore its systematic examina 
tion for the saponin content was taken up 

The seeds of Scsbama Aegyptica Pers were 
procured from hl/S N Cooper & Co , Poona as 
uell as obtained from the plants grown on the 
University campus A quantity of the finely 
powdered defatted seeds were extracted with 
ethanol The recovery of the solvent left an 
oilj residue which was successively treated with 
ether, petroleum ether, carbon tetrachloride, and 
acetone The residue thereafter was taken up in 
alcohol and precipitated by addition to a large 
amount of ether This precipitation wms re 
peated a number of times This gave colorless 
saponin which became a browm syrup on exposure 
to atmosphere and satisfied all the tests for sap 
onin The saponin was dissolved in a large 
amount of water and hydrolyzed with sulfuric 
acid The genin obtained was filtered and 
washed free of the acid The failure of a number 
of attempts at crystallization from different sol 
vents suggested the genin to be a mixture and, 
therefore, it was refluxed w ith a solution of alco 
hohc potassium hydroxide and extracted with 
ether Evaporation of the ethereal layer gave a 
neutral genin while the alkaline solution, on 
treatment ivith an excess of hydrochloric acid 
gave a precipitate of an acid genin This acid 
genin gax^e an acetate which, on crystallization 


* Rccen ed April o lOod from the Department of Cliemis 
tr> Muslim Unn cfsitj Aligarh India 

Tor earlier three parts see (5) _ _ ^ . 

The authors are grateful to Prof T R Govmdaohari of 
the President College Madras for the infrared spectra 


from methanol, had m p 201-263°, [ajn = 
+72 7 The acetate gave positive response to 
all the usual tests for a triterpene 

The resemblance of the infrared spectrum of 
the acetate with the spectra of the acetates of the 
triterpenic acids of amyrin group (meth}lene 
bending absorption) was very close and did not 
resemble at all the infrared spectra of the ace 
tate of the steroidal sapogenins (finger print 
region) (2, 4) 

The deacetylation of the acetate gave an acid 
genin, m p 285-288°, [ajo = +80 The anal) 
SIS of the acetate indicated the presence of one 
hydroxyl and one carboxyl group in a penta 
cyclic triterpenic compound 

The carboxyl function which was readily de 
tectable in the infrared spectra was fixed by the 
formation of a methyl ester, m p 195-198° 
[a]D = +76 The fact that it was obtained with 
diazomethane and not with methanohc hydro 
chloric acid, coupled with the difficulty of its 
hydrolysis, suggested the attachment of the 
carboxyl group to a tertiary earbon atom (i e , 
to C 17) The methylation of the acetate with 
diazomethane gave an acetyl methyl ester, m p 
217-219°, [q:]d = +72 7 The genin and all its 
derivatives showed unsaturation with tetra 
mtromethane 

The genin on oxidation with chromic acid gave 
a ketone which gave a positive Zimmermann 
test (8) showing the position of the carbon)! 
group at C 3 The ketone gave a 2 4 dmitro 
phenylhydrazone without difficulty 

The relation with the /3 amyrin group was 
further established by the examination of the 
U V spectrum of the product of oxidation of the 
acetate with selenium dioxide The product 
obtained on oxidation could not be crystallized 
and showed the characteristic triple ultraviolet 
absorption maxima (A®“°’' 241, 249, 255 m/i) of 
a diene 

By analogy with all the acids of the /3 amyrin 
group the position of one of the hydroxyl groups 
has been assumed to be at C 3 in ring A, and that 
of the carboxyl group at C 28 attached to C 17 
The comparison of the physical constants of the 
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genin and its derivatives with all the known acids 
of the ^-amyrin group carrying one hydroxyl 
group indicates the present genin to be identical 
with oleanolic acid (Table 1). 

The comparison of the infrared spectra (Fig. 1) 
and mixed melting point of the acetyl methyl 
ester of the genin with authentic samples of 
acetyl methyl oleanolate obtained from Albissia 
lebbek (2) and Randia dmnelorum (9) confirmed 
the identity of the genin as oleanolic acid. 


Table I. 


Oleanolic Acid 

Present Genin 


m p. 

[ajD 

m. p. 

lolD 

Genin 

310 

+80 

285-288 +80 

Acetyl oleanolic 





acid 

268 

+74.5 201-263 

+72.7 

Methyl oleano- 
late 

Acetyl methyl 

198-200 

+75 

195-198 

+76 

oleanolate 

219-220 


217-219 

+72.7 


^yOO KW KIM 1100 CM"' tOOO 900 BOO TOO 
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Fig. 1. — Comparison of infrared spectra. Solid 

line shows present genin acetyl methyl ester. 

Broken line shows acetyl methyl oleanolate. 

EXPERIMENTAL 

All the melting points recorded in this paper have 
been taken on a Kofler hot microscopical stage and 
are corrected. The infrared spectra liave been 
taken in chloroform solution at tlic Presidency Col- 
lege, Madras, using a double beam Perkin-Eliner 
spectrometer Model 137 (Iiifracord) and interpreted 
by one of the authors (I. P. V.). The micro- 
analyses recorded here have been done at the De- 
partment of Chemical Technology, University of 
Bombay. Tlic ultraviolet spectra have been meas- 
ured using a Beckman spectrophotometer Model 
DU. 

Defatting. — Wcll-powdcrod seeds (1 Kg.) were 
c.'diausteti in a Soxhiet extractor witli light petroleum 
ether (•lO-tiO'’). The recovery of the solvent left a 
greenish oil (65 Gm.). The exhausted seeds were 
dried before further operation. 

Extraction. — Tlie defatted seed powder was e.x- 
hansted with 95', c alcohol in a Soxhiet extractor 
.ami the solvent recovered leaving a brown syrupy 
liquid. The residua! syrup was dissolved in ethanol 
and filtered. The alcohol wa.s recovered and the 
solid re.sidiie cximcled with ether, pclrolcnrn ether, 
carbon Iclracliloridc, and acetone, successively. 
This gave a brown syrupy mass, wliich was dissolv«l 
in a little alcohol and added to a large amount of 
ether, which precipitated tlte saponin. This process 


of dissolution in alcohol and precipitation by ctiier 
was repeated three times. It gave colorless saponin 
which turned to a syrup on exposure to air, and gave 
all the tests for saponin. 

Isolation of Sapogenin. — The brown svrupy mass 
(25 Gm.) was dissolved in water (6 L.) and hydro- 
lyzed with sulfuric acid (300 Gm.) by heating the 
solution first on a boiling water bath for an hour and 
thereafter completing the hydrolysis by boiling the 
solution for another hour. After about twenty to 
thirty minutes a precipitate began to appear which 
went on increasing until the hydrolysis was com- 
pleted. It was then filtered and washed with water 
until the filtrate was neutral. It was dried in an air 
oven at S0°. The dried genin was dissolved in alco- 
hol and decolorized with charcoal. All attempts at 
crystallization from various solvents proved fruit- 
less. 

Separation of Acid and Neutral Genin. — The 
crude genin (1 Gm.) was heated with alcoholic 
caustic potash (20 Gm. KOH in 300 cc. of alcohol) 
for a half-hour and then half the solvent was dis- 
tilled off. The solution was then diluted with water 
(2 L.) and extracted three times with ether. The 
ethereal extracts were combined and washed free of 
the alkali. It was dried over sodium sulfate (an- 
hydrous) and removal of the ether left a neutral 
substance in the flask. 

The alkaline solution was acidified with hydro- 
chloric acid when it gave a precipitate. This was 
filtered, washed free of tlie acid, and dried. 

Acetylation. — The acid genin obtained as above 
was acetylated by treatment with pyridine and 
acetic anliydride in the cold for eighteen hours. It 
was poured into ice water and filtered. The precipi- 
tate was washed free of the acid and pyridine and 
crystallized twice from methanol to obtain the 
product in fine, colorless needles, m. p, 261-203°, 
“ +72.7 (C = 0.105 CHClj), yield =500 ing. 
It gave a positive test witli tetranitrometlianc, 
5.8. 5.9, and 8.0a. 

.4«o/.— Calcd. for Cj-HwOi: C, 77.11; H, 10.40, 
Found: C, 77.0; H, 9,8. 

Deacetylation.— The acetate (250 mg.) was re- 
fluxed for two hours with 15 cc. of 5% mcthanolic 
potassium hydroxide. The solution was diluted 
with 200 cc, water and left oveniight at room tem- 
perature, It did not yield any crystalline potassium 
salt. The solution was acidified with hydrocldoric 
acid and tlic precipitate fonned was washed free of 
the acid and crystallized from methanol, ni. p. 285- 
288°, lapn” = +80 (C = 0.100 CHClj). It gave a 
positive test with tetranitromethane. 

Selenium Dioxide Oxidation.— Acetate (100 ing.) 
in 15 cc. acetic acid was heated under reflu.x with 
100 mg. freshly sublimed selenium dioxide for two 
hours. It was poured into water and extracted with 
ether. It could not be crvstallizcd ^ 

241. 249, 255 nijn. 

Metbylafion. — The acid genin (200 mg.) was dis- 
solved in 200 cc. ether and an excess of ethereal 
solution of diazoracthanc added. It was left over- 
night, the e.\cess of diazometliane was removed on a 
irater hath, and the product was ervstallized from 
methanol, m. p. lO.Tlp.S”. = 4.70 (C =3 

(l,()9S CHCb) The substance gave a positive test 
with tetranitromethane. 

.4«o/.— Calcd. for CsiHwiOj: C, 79.1; H, lO.G. 
Found: C. 78.2; H, 10.8. 
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Demethylation. — Tlie methyl ester (100 mg.) was 
refluxed with 100 cc of 5% methanohc caustic 
potash for half an hour The starting material 
(80%) was recovered unchanged and only 20% of 
the ester was demethylated The genin obtained 
was confirmed by melting and mixed melting points 

Acetyl Methyl Ester. — The acetate (100 mg ) was 
dissolved in ether and an excess of a solution of a 
diazomethane added to it After a contact of 
twenty hours ether was removed and the residue 
crystallized from methanol, m p 217-219°, [a] 7,° = 
+72 7 (C = 0 165 CHCI3) It gave a yellow color 
with tetranitromethane = 5 8, 8 0 /i 

Anal — Calcd for C33H51O4 C, 77 29, H, 10 22 
Found C, 77 3, H, 9 7 

Oxidation of the Genin. — A solution of chromic 
acid (100 mg ) in 15 cc of 80% acetic acid was 
added to 100 mg of the genin dissolved in 20 cc 
acetic acid After leaving it for half an hour at 
room temperature, 100 cc alcohol was added to 
destroy the excess chromic acid The solution was 
left for fifteen minutes and then the alcohol was dis- 
tilled off under reduced pressure The residue «as 
dissolved in aqueous alcohol and extracted with 
ether The ethereal solution was washed well with 
water and evaporated to dryness The product 


crystallized from methanol as fine needles, m p 
156-160° It gave a positive Zimraermann test 
2,4-Dinitrophenylhydrazone. — The ketone (50 
mg ) was dissolved in 10 cc alcohol and heated on .1 
water bath It was then mixed with a solution of 
50 mg 2,4-dinitrophen3'lhydrazine in 10 cc alcohol 
and 0 4 cc hj'drochloric acid It was left at room 
temperature for five minutes when a precipitate was 
formed It was kept overnight, filtered, washed, 
and recrystallized from ethanol, m p 251-255° 
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Studies on Cell Growth and Cell Division I* 

A Temperature-Controlled System for Inducing Synchronous 

Cell Division 

By KWAN-mjA LEE 


A temperature-controlled system for inducing 
cell growth and synchronous cell division in 
Tetrahymenapyrijormis is described. By using 
this device, it is possible to dissociate cell 
growth and cell division into two distinct 
processes. 

"D ECENTLY, Scherbaum and Zeuthen (1) have 
demonstrated that when proteose-peptone 
cultures of the ciliate protozoon Tetrahymena 
pyriformis GL were incubated at alternate half- 
hour periods at 28° (optimum for growth) and 
34° (sublethal) for six or seven cycles, the size of 
the ciliates was increased to about three times 
larger than the normal cells without any cell 
division taking place. IVhen these heat-treated 
cells were brought back to 28°, either in a nu- 
trient medium or in a nutrient-free buffer solu- 
tion (2), they went into cell division synchrony 
for three times before normal random cell division 
was resumed In the nutrient medium, both 
cell division and cell growth took place while in 
the nutrient-free medium only cell division was 
possible. This technique dissociates cell growth 
and cell division into two distinct processes and 
thus provides biological material for the studies 

» Received Apnl 8, 1059, from the School of Pharmacy, 
University of California Medical Center, San Francisco 22 


on selective activity of drugs on either process 
without any interference of the other process 
The technique of inducing synchronous cell 
division has since been applied to other strains of 
Tetrahymena pyrifonnis (3) and many other 
fonns of unicellular organisms (4). In this 
paper, a practical temperature-controlled system 
for inducing cell growth and cell division is de- 
scribed The principle applied in the design has 
many obvious advantages and it can also be ad- 
justed to cycle at any other temperature levels 
at specified rate and intervals 



AC 

Fig 1 — Wiring diagram of the water bath 
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Tig 2 — (.1) Xormal cells, (B) licat-trcntcd cells. 
( C) s\ uclinuuuis (li\ uiing cells 


The wiring diagram of this system is shown in 
Fig I The induced cell growth and s}iichro- 
nous cell division in Tetrahymena pyriformis is 
shown in Fig 2 The following is a brief account 
of its operation 

The timer, a clock motor (Model 660, Auto- 
mat Elec. Mfg Co ) is used to close or open 
smteh Sa at preset time intervals In the first 
half of the time cycle when switch Sa is on, coil 
Ca is energized and closes switches Sb and Sc. If 
the temperature is higher than 28 2°, thermostat 
(mercury thermoregulator, Aminco) Ta is in con- 
tact and energizes the coil in relay Ra to set on 
the compressor motor until the temperature is 
brought dow’n just below 2S 2° l\Tien the tem- 
perature is low'er than 28°, thermostat Tb is open 
and coil Cb is energized to close switch Sd and the 
heating elements are on until the temperature 
reaches 28° From now on the room temperature 
(low'er than 28°) and the heating unit operated 
by thermostat Tb, control the bath at 28° The 
compressor motor is used continuously and not 
intermittently for only twelve minutes in each 
period of one hour 

In the second half of the time cycle w'hen the 
timer opens switch Sa, thermostat Tc is in opera- 
tion As showm in the diagram, Tc shares es- 
sentially the same circuit as Tb except that Tc 
is set at 34° In the present case, Tc is used to 
raise the temperature from 28° to 34° and main- 
tains that temperature as long as switch Sa is in 
open position 

To adjust the rates of heating and cooling be- 
tw'een 28° and 34° according to the empirical 
findings of Scherbaum and Zeuthen (1), it is best 
to first adjust the quantity of water in the bath so 
that it cools from 34° to 28° m twelve minutes 
For warming up, one can easily estimate the 
wattage of the heating elements required so that 
the temperature can be raised to 34° from 28° in 
eight minutes 

The surface area of our bath is 12 X 28 inches 
The amount of water used is about 30 L The 
compressor used is a Westinghouse Type E T-A 
Model and the heating elements are tw'o copper- 
sheathed heaters of one kilowatt each 

It will be more conv'enient if a time switch 
(Type 471, G E ) is connected in the circuit so 
tliat it can set the timer switch on at midnight so 
that in the morning the heat-treated cells are 
ready for the studies on cell growth or cell divi 
sion 
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Studies on Cell Growth and Cell Division IF 

Selective Activity of Chloramphenicol and Azaserine on 
Cell Growth and Cell Division 

By KWAN-HUA LEE, YOKO OKANO YU2URIHA, and JOHN J. EILER 


A simplified practical procedure for the study 
of drug action on cell growth and cell division 
as two distinct processes is described. To 
illustrate one of the many uses of this system, 
the selective activity of two antibiotics, 
chloramphenicol and azaserine on cell 
growth and cell division is demonstrated. 

Tn mass cultures of unicellular organisms, cells 
grow and divide at random The conven- 
tional methods using mass cultures in the study 
of drug actions, have provided valid estimates of 
the overall biological activity of drugs, but have 
not permitted a clear cut differentiation between 
effects of drugs on cell growth and cell division 
Recently, Scherbaum and Zeuthen (I) de- 
veloped a controlled temperature shift technique 
which permits the study of cell growth and cell 
di\nsion as separate processes in mass culture of 
Tetmhymena pynformts When a culture of 
Tetmbymena pynfcrmis GL is exposed to alter- 
nate half hour periods at 28° (optimum for 
growth) and 34° (sublethal) for seven or eight 
cycles, the cells continue to grow in size up to 
about three times the size of the initial normal 
cells, with little or no increase in cell number 
During this temperature-cycling period, it is 
possible to study the effect of drugs on cell growth 
alone When these overgrown heat-treated cells 
are maintained at 28°, either in a nutrient me- 
dium or in a nutrient free salt buffer solution (2), 
they go into cell division synchrony three times 
before normal random cell division is re- 
sumed In the nutrient medium, both cell 
division and cell growth take place, while in the 
buffer solution only cell division is observed 
During this cell-dividmg period, it is possible to 
study the effect of drugs on cell division 

In the first paper of this series (3), there was 
presented the design of an automatic tempera- 
ture control system which duplicates nicely the 
conditions established by Scherbaum and Zeuthen 
(1) as being necessary to the separation of the 
two phases of cell regeneration 

In this paper, a simplified practical procedure 
to test the effect of drugs on either the growth or 
the division process, or on both, in Telrahymetm 
pynjormis is presented 

*Recie\ed June 9 1959 from the School of Pharmacy 
Unuer';it> of California Medical Center San Prancisco 22 


To illustrate one of the uses of this procedure, 
the results of the study of the selective activity 
of two antibiotics, chloramphenicol and azaser 
me,' are demonstrated Chloramphenicol, in 
appropriate concentrations, inhibits cell growth 
but not cell division, while azaserine inhibits ce!! 
division, but not cell growth 

METHODS 

Culture — Tctrahymena pynfonms GL was ob 
tamed through the courtesy of Professor G W 
Kidder and maintained in a proteose-peptone ( Difco), 
liver extract fraction L (Wilson Laboratories) and 
salt medium (1) Stock cultures were transferred 
daily by means of an inoculating loop to 6 ml of 
medium m test tubes (15 X 150 ram ) in a slanted 
position and maintained at 28° For the evpen 
mental culture, 200 ml of medium in a 500 ml 
Erlenmeyer flask was inoculated with 0 3 ml of a 
two day old culture (containing about 10* cells) 
and maintained at 28° At the end of eighteen 
hours, the culture contained about 35,000 cells/ml 
and was used in the heat treatment as described 
below 

Cell Growth.— For the study of the effects of the 
drugs on cell growth, 20-ml portions of the experi 
mental culture were transferred into 250 ml Erlen 
meyer flasks Samples to serve as initial controls 
for cell count and protein content were taken at this 
time The drug under study was first dissolved in 
approximately 0 1 ml of pH 6 8 salt buffer solution 
(2) and then added to some of the flasks These 
flasks together with three controls were then 
clamped on the shaking device which has a lion 
zontal movement of 4 cm displacement at fiftj 
strokes per minute m the temperature controlled 
water bath (3) and subjected for seven cycles of 
heat treatment Each cycle consisted of half an 
hour at 34° followed by half an hour at 28° At 
the end of the seventh cycle, the growth of the cells 
m the flask was stopped by the addition of two drops 
of Bourn’s formaldehyde reagent (4) or by immers 
mg the flasks in a boiling water bath for not more 
than fifteen seconds Prolonged heating or too 
much formaldehyde reagent added caused difficul- 
ties m solubilization of the cells m biuret reagent 
The formaldehyde-treated or heat-killcd cells were 
transferred to 50 ml conical centrifuge tubes and 
centrifuged The cells were washed twice with 
buffer solution and then analj zed for protein con 
tent bj' the use of the biuret method (5) When the 
amount of cell protein anal} zed was less than 4 mg > 
removal of lipid b} repeated extraction with alcolio - 

' GraciousI> supplied by Dr E I. Wittle of Parke Di'*® 
Research Laboratories Detroit Mich 
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ether mixture (1:1 v/\’) or trichloroacetic acid- 
alcohol mixture (6) is not necessary. 

For the study of cell growth in the absence of drug, 
a series of flasks, each containing 20 ml. of experi- 
mental culture, were subjected to the temperature 
cycling as described above. Flasks were removed 
from the bath at the end of each cycle and at the 
end of the period of synchronous cell division, as 
indicated in Fig. 1, for cell protein analysis and cell 
counting. 

Cell Division. — For cell division studies in the ab- 
sence of nutrient, the cells in one of the three flasks 
used as controls in the growth studies, at the end of 
the last cycle, were washed with buffer solution in 
the hand centrifuge. The washed cells were then 
suspended in 10 ml. of the buffer and initial samples 
for cell count were taken. One-ml. portions of the 
cell suspension were transferred to a series of 50-ml. 
centrifuge tubes containing one ml. of buffer ivith 
the appropriate concentrations of drug and placed 
in the water bath at 28°. The time required for pre- 
paring these cells for the division studies was less 
than five minutes. After five and one-half hours, 
0.6 ml. of formaldehyde reagent was added to each 
tube and the cells were counted in a Sedgwick-Rafter 
counting chamber, using a Whipple ocular micro- 
meter disk (7). 

For the studies on the effect of drug on cell divi- 
sion in the presence of nutrient, a series of flasks, 
each containing 20 ml. of experimental culture, were 
subjected to temperature cycling as described. At 
the end of the last cycle, samples were taken for cell 
count and the drug in appropriate concentrations 
was added to some of the flasks and the incubation 
was continued at 28°. At the end of five and one- 
half hours, samples were taken for cell count. 

RESULTS 

Cell Growth and Cell Division. — The results of 
the stud}' of cell growth and cell division in the ab- 
sence of drug arc presented in Fig. 1. The ordinate 
expresses the changes in cell protein (growth) and 
cell count (division) relative to the initial values. 
The drawings in the figure arc to indicate the ap- 
proximate change in cell size and cell number during 
the various procedures. The average amount of 
protein in the initial log phase cell was about 3 X 
10“° fjg./ccll (with a variation from 2.6 to 3.2 X 10”° 
>ig./cell). The average initial cell count was 35,000 
cclls/ml. 

In Fig. 1 it should be clear that during the period 
of temperature cycling, the increase in cell protein 
was not accompanied by any significant increase in 
cell number. During this period the protein content 
of the constant population of cells increased to more 
than three times that of the initi.al normal cells. 
Such an increase is in excellent agreement with other 
mciusures of the cell growth during this period, such 
.as dry weights (8) and cell volume (9). It should 
also be noted that an increase in total protein took 
place during the period of constant tcmper,aturc 
when cell division was permitted to occur in the 
presence of nutriciil. Here, over a period of five 
and one-h.alf hours the protein of the cells increased 
to double the value at the end of the temperature 
cycling and to six times that of the initial v.aluc. 
The increase in protein during the period of constant 
temperature was, of course, accompanied by cell 



Fig. 1.— Relative change in cell protein and cell 
count under the various conditions in the absence 
of drug. The symbols A (relative cell count) and 
0 (relative protein) refer to those experiments 
wherein the cells were transferred to nonnutrient 
medium after the seven hours of heat treatment in 
the presence of nutrient. The symbols O (relative 
cell count) and • (relative protein) refer to those ex- 
periments in which the cells were maintained in 
nutrient. The drawing indicates the increases in 
size and number of Telraliymcna under the several 
conditions. 

division. Interestingly, simple calculations permit 
the view that during both periods the increases in 
protein were linearly related to the time spent at 28°, 
regardless of the occurrence or nonoccurrence of cell 
division. No increase in protein was observed when 
cell division was permitted to take place in the ab- 
sence of nutrient. Indeed, there was observed a 
slight decrease in protein, probably due to catabolic 
utilization. 

The increases in cell number during the period of 
constant temperature, both in the presence and in 
the absence of nutrient, were in good agreement 
with the increases in cell protein noted above. We 
have observed the three expected (1,2) sets of syn- 
chronous division both in the presence and in the ab- 
sence of nutrient. In the absence of nutrient, dur- 
ing the five and one-half hours at constant tem- 
perature, the cell population increased to a value 3.2 
times the starting population. Such an increase was 
made possible by the increase in protein which took 
place during heat treatment. In the presence of 
nutrient, there was an increase in cell population to 
six times the original. The increase in population 
was matched almost precisely by the increases in 
protein which took place during the two periods. 

It should be clear from Fig. 1 that at the end of 
the period of cell division, both in the presence and 
in the absence of nutrient, the amount of protein 
per cell is practically the same as that of the initial 
log phase cell. Further, it should be evident that 
the protein content of the cell mass is a good inde.x 
of cell growth during the period of temperature cycl- 
ing, and that a single cell count at the end of five 
and one-half hours, in the absence of nutrient, is a 
sound measure of the incidence of cell division. 
These simple tests have been used to evaluate the ac- 
tions of chloramphenicol and azaserine. 

Effect of Chloramphenicol on Cell Growth and 
Cell Division.— In Fig. 2, the results of the effect of 
chlonimphcnicol on cell growth and cell division. 
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Fig. 2. — Effect of various concentrations (mM 
per liter) of chloramphenicol on cell protein and cell 
count. O = Relative amount of cell protein at the 
end of heat-treatment period in nutrient medium. 
0 = Relative cell count five and one-half hours after 
heat treatment in nutrient medium. A = Relative 
cell count five and one-half hours after heat treat- 
ment in nutrient-free medium. 

as measured by protein content and cell count, are 
expressed in relation to the initial values for each 
parameter. In the absence of chloramphenicol, the 
amount of cell protein increased during the period 
of heat treatment to three times the initial value. 
Under identical conditions, in the presence of graded 
concentrations of chloramphenicol, there is a 
definite inhibition on protein synthesis (Fig. 2). 
The extent of inhibition is directly related to the 
concentration of drug present. 

In the presence of the same range of concentra- 
tions of chloramphenicol as used in the growth stud- 
ies, cell division in the absence of nutrient is not 
influenced to any measurable extent (Fig. 2). 
However, when cell division is permitted to take 
place in the presence of nutrient, chloramphenicol is 
definitely inhibitory. Clearly, the inhibitory ef- 
fect of the drug under these conditions is a conse- 
quence of its primary effect on cell growth. 

Effect of Azaserine on Cell Growth and Cell 
Division. — The effect of azaserine on cell growth and 
cell division is shown in Fig. 3, which is plotted in 
the manner indicated for Fig. 2. In exact contrast 
to the action of chloramphenicol, azaserine, within 
the concentrations studied, has no effect on cell 
protein synthesis, but has a definite inhibitory ac- 
tion on cell division. At a concentration of 8 /ig. 
per ml. (4 X 10 M), cell division is almost com- 

pletely blocked. This same concentration of aza- 
serine shows very little inhibition on cell growth as 
indicated in Fig. 3. 

The addition of azaserine during the period of 
heat treatment has no observable effect on the subse- 
quent cell division. In one set of experiments 2 n%. 
of azaserine was added to each ml. (1 X 10 ““ M) of 
culture at the beginning of the period of heat treat- 
ment. At the end of heat treatment, the cells were 
washed with buffer and were observed to give the 
same number of new cells as did the control culture. 
The result strongly suggests that azaserine does not 
affect any process in the growth phase that is con- 
nected with subsequent cell division. 



Fig. 3 — Effect of various concentrations [iiM per 
liter) of azaserine on cell protein and cell count. 
A = Relative amount of cell protein at the end of 
heat-treatment period in nutrient medium. 0 = 
Relative cell count five and one-half hours after heat 
treatment in nutrient-free medium. 

DISCUSSION 

During the period of temperature cycling, the in- 
crease in cell protein observed in this study is almost 
identical to the increases in dry weight (8), cell 
volume (9), ribonucleic acid (8), and deoxyribo- 
nucleic acid (8) observed by others. This indicates 
that the growth which takes place during this period, 
in the absence of drugs, is balanced, in contrast to 
the unbalanced growth observed b}"^ Cohen and 
Earner (10) in a mutant strain of E. colt. The 
balanced nature of the growth is further supported 
by the fact that the number of cells that can be 
derived in nutrient-free medium are directly related 
to the extent of the increase in growth in the heat- 
treated cells. In the absence of added drug, any one 
of the above mentioned parameters may be used to 
measure cell growth. In the presence of drug, the bal- 
ance of growth may be disturbed in several possible 
ways, depending upon the drug and other factors. 
However, in the present studies, cell protein appears 
to have served as a valid measure of growth in the 
presence of either of the two antibiotics. 

In the absence of drug, five and one-half hours 
are required, either in the presence or absence of 
nutrient, for the completion of the three successive 
synchronous cell divisions. The difference in cell 
count in the presence and absence of drug in buffer 
medium at the end of five and one-half hours serves 
as a measure of the overall effect of the drug on cell 
division. 

The inhibitory effect of chloramphenicol has been 
studied in other laboratories (11, 12). The results 
of the present study indicate that chloramphenicol 
inhibits the growth of Tetrahymena pyrifonnts under 
conditions in which cell division does not take place. 
The results provide experimental evidence that 
chloramphenicol does not affect cell division at con- 
centrations in which cell growth is inhibited to a 
great extent. Indeed, it is clear that chlorampheni- 
col inhibits cell division only when that division 
takes place in nutrient accompanied by cell growth. 
Clearly, the inhibition of division is a consequence 
of the inhibition of growth. 

The inhibitory action of azaserine on cell regenera- 
tion has been reported in a large number of uni- 
cellular organisms (13). This is the first time, to 
our knowledge, its effect has been studied on 
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Telrahymem pynformis In Tcirahymam pyrijormis, 
azasenne definitely inhibits cell division at concen- 
trations which have little or no effect on growth. 
Its effects on cell division cannot take place during 
the period of cell grow th Two points which concern 
the probable mode of action of azaserine are worthy 
of note Telrahymeiia pyrtformts requires pre- 
formed purines and pyrimidines and cannot synthe- 
size either from precursors (14) In our studies. 
It has been shown that azaserine inhibits the fea- 
tures of cell division which take place in a nutrient- 
free medium, after the necessary ribonucleic acid 
and deoxyribonucleic acid have been accumulated. 
Accordingly, in these organisms, the drug cannot 
exert its effect through inhibition of purine synthesis 
as has been proposed (15) 

Studies on the more detailed mechanism of action 
of these drugs are in progress 

SUMMARY 

The controllcd-temperature shift technique of 
Scherbaum and Zeuthen for inducing cell growth 
and cell division as two distinct processes in mass 
cultures of Telrahymem pyrijormis GL has been 
restudied. A simplified practical method for 
measuring cell growth and cell division and the 
action of drug thereon has been described. 


Using this method, the selective activity of two 
antibiotics, chloramphenicol and azaserine, has 
been tested. Chloramphenicol, in appropriate 
concentrations, inhibits protein synthesis, but 
not cell dix'ision; while azaserine, even at a con- 
centration almost completely inhibiting cell 
dix'ision, has X'ery little effect on cell growth. 
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Sulfaethylthiadiazole V* 

Design and Study of an Oral Sustained Release Dosage Form 

By MANFORD J. ROBINSON and JOSEPH V. SWINTOSKY 


An aqueous sustained release suspension of sulfaethidole (sulfaethylthiadiazole or 
SETD) was prepared. The velocity constant ) for drug disappearance from blood 
in adult human subjects was utilized to approximate the quantity of drug to be ad- 
ministered every fwelxe hours in order to maintain free SETD blood concentrations 
near 10 mg, per cent. Dissolution characteristics of this sustained release suspen- 
sion were also studied in vitro in three different test fluids. Possible relationships 
with the foregoing in viio results are discussed. 


nis P.VPCR outlines and discusses some of the 
methods we have utilized in the design, prep- 
aration, and evaluation of a litiuid sustained re- 
lease dosage form 

Blythe (1) has discussed general concepts relat- 
ing to the formulation and ex'aluation of sustained 
release products. lie describes oral sustained re- 
lease dosage forms as preparations which provide 

* Rcccn pd Jamiarv fi 1950 from the Rc'^carch and Dc 
Nclopmcnl Djmmoh of Smith Kbnc and Trench Laboratories 
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a sustained therapeutic effect by first releasing a 
therapeutic dose, then gradually and continually 
releasing additional medication ox-er a prolonged 
period Nelson (2) has discussed the estimation 
of amounts of drug needed to meet the require- 
ments for sustained release. In previous pub- 
lications (3-7) we ha\-e shown that orally ad- 
ministered sulfaethidole (sulfaethylthiadiazole or 
SETD) is eliminated from blood at appro.ximatelv 
a first-order rate for a considerable period of time 
following attainment of “pseudo-steady state” 
diffusion equilibrium Applications of the use of 
h. the x-elocity constant for drug elimination from 
blood, in the design and study of sustained release 
preparations have been discussed and illustrated 
(5. 6, S) Methods for determining rate of dis- 
solution in rilro for sustained release products 
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have been presented (9-1 1), although these meth- 
ods have been designed primarily for control pur- 
poses. We have also discussed (8) the possible 
interrelationships of in vitro dissolution rates, 
blood concentrations, and urinary excretion for 
two aqueous suspensions of coated sulfamethyl- 
thiadiazole. 

Recently, an aqueous sustained release prepara- 
tion of SETD was developed in our laboratories. 
This drug has been extensively investigated in 
Europe and found to be a safe, clinically' effective 
sulfonamide (12-15). Recent studies in the 
United States (16-18) have confirmed the Euro- 
pean findings. Frisk (19) has determined blood 
and urinary concentrations in subjects receiving 
oral and intravenous doses of SETD. Our in- 
vestigation of the kinetics of absorption, distribu- 
tion, and excretion of this drug has been reported 
(5) . Although this drug is normally administered 
in large doses, the rapidity with which SETD is 
absorbed and its relatively slower excretion indi- 
cated that it could be formulated into a prepara- 
tion for oral administration every twelve hours. 
A sustained release form of SETD, by prolonging 
absorption, should provide relatively uniform, 
therapeutically effective tissue concentrations for 
the twelve-hour time period, and also decrease 
peak loads on the kidney during the early time 
periods following oral administration. SETD is 
particularly applicable to this type of study, since 
it can be readily analyzed in blood and urine and 
there is a correlation between blood concentra- 
tion and therapeutic efficacy. 

EXPERIMENTAL 

Preparation of the Dosage Form. — The sustained 
release powder was prepared by mixing SETD (40% 
w/w) with molten hy'drogenated castor oil main- 
tained at 1 10°. The suspension was then spray con- 
gealed, using a centrifugal wheel atomizer, to yield a 
powder having an average surface volume diameter 
(Fisher Subsieve analysis) of 35 fi. The average sur- 
face volume diameter of the SETD used in prepar- 
ing the sustained release powder was less than 4.0 ju. 
The sustained release powder was suspended in an 
aqueous vehicle at a ceneentration equivalent to 3.9 
Gm. of SETD per 30 ml. 

In Vitro Dissolution Studies. — The amounts of 
SETD released in various time intervals for the 
suspension were determined in three test fluids. 
Formulas for these fluids and amounts of suspen- 
sion added in SETD equivalents are shown in 
Table I. The methods for measuring SETD dis- 
solution in fluids A and B were those previously de- 
scribed for sulfamethylthiadiazole (8). 

Test fluid C was developed for control purposes. 
This fluid was prepared by dissolving the buffer salts 
in distilled water, adjusting the pH to 6.4 ± 0.03 
and immediately prior to use, adding ox bile extract 
and’ pancreatin.' Samples of the sustained release 
suspension equivalent to 0.125 Gm. of SETD were 


Table I. — Composition of In Vitro Test Fluids 
AND Amounts of Sustained Release Suspension- 
Added IN SETD Equivalent 


Test 



SETD 

Fluid 

pH 

Composition 

Content 

A 

1.2 

0.1 AHCL 

2 mg. per cenr 

B 

8 3 Ox 

Bile Extract— 

-2.0 10 mg. per 


Gm., Pancreatin — ml. 
0.56 Gm. Sodium Bi- 
carbonate — 3.0 


Gm., Distilled water suf- 
ficient to yield 200 ml. 

C 6 4 Citric Acid, hydrous — 0.125 Gm. 

6.46 Gm., NaoHPOa per 60 

anhydrous — 19.76 ml. 

Gra., Distilled Water 
sufficient to yield 
1,000 ml. Ox Bile Ex- 
tract — 1.0 Gm., Pan- 
creatin 0.28 Gm. were 
added to 100 ml. of 
the buffer solution. 


added to 60 ml. of the control fluid in 90-ml. screw- 
capped containers. These were placed in a constant 
temperature bath at 30° ± 0.1 and rotated at 40 
r. p. m. Samples were removed after one-fourth, 
one, three, and six hours, filtered, and the residue as- 
sa 5 'ed for SETD content. SETD was extracted from 
the residue using boiling 1.0 N HCI and determined 
by potentiometric titration with standardized 0.05 
M NaNOj. 

Blood and Urine Concentration Studies.— The 
subjects receiving oral doses of the sustained re- 
lease suspension were healthy, ambulator}' adults. 
The initial dose was administered to each subject im- 
mediately before breakfast. Food and fluid inges- 
tion was then permitted ad libitum. Blood samples 
were withdrawn by venipuncture of the antecubital 
vein. Complete urine collections were made for 
measurement of total drug output. Dosage regi- 
mens and blood and urine sample collection time for 
these studies were as follows; Part A . — 12 subjects 
received single oral doses equivalent to 3.9 Gm. of 
SETD. Blood samples were withdrawn at two, 
four, six, eight, ten, and twelve hours. Part ff.— 10 
subjects received oral doses equivalent to 3.9 Gm. of 
SETD initially, followed by 1.95 Gm. every twelve 
hours for five consecutive doses, totaling approxi- 
mately 13.65 Gm. Blood samples were taken pe- 
riodically for sevent}'-two hours. Complete urine 
collections were made at twelve-hour intervals for 
ninety-six hours. 

The concentrations of free and free plus conju- 
gated (total) SETD in the blood and urine were de- 
termined by previously described procedures (4, •>)■ 

A single lot of the sustained release suspension 
(X46) was used for the aforementioned studies. o 
illustrate duration of absorption we have include! 
other unpublished blood concentration and urmarj 
excretion data which were obtained during the c e 
velopracnt of this product. The data are taken from 
144 tests in whicli single doses of the sustained re 
lease suspension were administered orally to 61 a n 
subjects, and from 5 tests in which 23 adult siibjcc s 
received single 3.9-Gm. oral doses of crysla me 
SETD. The procedure of part A was followed ex- 
cept that in the case of the sustained release suspea 
sion an additional blood sample was taken at l«cn > 


four hours. Complete urine collections were 


:■ made 
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for four, eight, twelve, twenty-four, forty-eight, and 
scvcnty-t'vo hours for both the sustained release sus- 
pension and crystnlline SETD. The lots of the sus- 
tained released suspension were of the same comijosi- 
tion as lot X40, had approximately the same par- 
ticle size, and exhibited similar dissolution in the con- 
trol test fluid (C). The crystalline SETD was ad- 
ministered either in capsules or as an aqueous suspen- 
sion. 

RESULTS AND DISCUSSION 

In Vitro Dissolution Studies.— The amounts dis- 
solved and periods for dissolution of the sustained 
release suspension in test fluids A, B, and C are 
shown in Table II. Approximately 24% of the 
SETD was found to dissolve in solution .A after fif- 
teen minutes and 41% after one hour. Dissolution 
in solution B is rapid and can be considered essen- 
tially complete (90%) in three hours. Approxi- 
mately 80% of the SETD is released in test solution 
C after six hours. Differences in the amount of dis- 
solution in each of the fluids appear to be minimal 
at the fifteen-minute period. The rate of drug re- 
lease is not linear and decreases with time after the 
fifteen-minute period. 


Tabi.e If. — Dissolution of SETD in Test Fluids 
A, B, and C 


Time, 

Hr. 

A 

Bissolution. 

B 

c 

V. 

24 

38 

32 

1 

41 

76 

60 

0 

49 



3 


90 

74 

0 


95 

81 


® Average of two <»r more determinations. 


The powder used in preparing lot X4G was e.v- 
amined microscopically in a mineral oil mull and also 
allowed to disintegrate while being observed untier a 
microscope using chloroform as a solvent for the hy- 
drogenated castor oil. The individual spheres con- 
sisted of finely divided SETD particles nnifornily dis- 
persed throughout a matrix of hydrogenated castor 
oil. There was a thin surface film of hydrtigeuated 
castor oil distributed uniformly over the surface of 
each sphere. The observed similarity of initial re- 
lease and the nonlinear decrease in dissolution rate 
with time arc as would be (inticipalcd for a product 
having the above physical composition. 

Since drug dissolution rate should directly iu- 
flucncc ab.sorpti'iii, the lack of linearity observed in 
the in vitro tests should he reflected in the observed 
drug concentration in blood and c.xcretion in urine 
.\s the rate of dissulnlion in the gastrointestinal tract 
falls l3clow that necessary to maintain the desired 
absorption rate a corresponding decrease in blood 
and urine SETD content would be expected. 

Estimate of Drug Dose.— Previous publications 
(2, 4, ,5, 9, 8) have outlined methods for estimating 
the amount of drug required to unintain a given 
blood conccntrati(!n for any time interval. For 
drugs such as SETD, which arc rapidly and com- 
pletely absorbed and arc tint significantly degraded 
or biotransformed, the total sustained release dose 
luav Ik- cstiinalcd using the equation, .4 = kich + c, 
ivbere .4 equals the total drug dose, kr is the rate of 
drug disappearance from blood following attainment 
of psendo-stcady state" diffusion tqnilihrium and 


essentially complete absorptTon, c fs the amount of 
drug required to obtain the desired blood concentra- 
tion, and h is the number of hours that the selected 
blood concentration is to be maintained following 
attainment of "pseudo-steady state” diffusion equi- 
librium and essentially complete absorption. When 
estimating initial and subsequent sustained release 
doses for multiple dosage regimens the initial dose is 
approximately equal to A and subsequent doses .4 '' 
are approximately equal to ktfh. 

We have shown (3-6) that a 2.0-Gm. dose oF 
SETD provides a blood concentration near 10 mg. 
%, that “psuedo-steady state” diffusion equilibrium 
is attained, and absorption is essentially complete 
after about two hours, and that the hi, for SETD dis- 
appearance' from blood is in the order of .07 to 
.12. We have shown also (6) that an initial dose 
of 2.0 Gm. of SETD followed by 0.22 Gm. every 
hour will provide and maintain free blood concentra- 
tions near 10 mg. %. 

Estimation of SETD dosage is complicated by a 
number of factors which are not readily amenable to 
calculation. It is desirable to limit the dosage form 
to a single package or unit. Since subsequent as 
well as initial doses of the sustained release suspen- 
sion will contain nearly 50% of SETD available for 
rapid absorption, the blood levels must be allowed to 
subside somewhat in the later hours prior to admin- 
istration of subsequent doses. It has been proposed 
that this occur .at ten hours. However, for prod- 
ucts wiiich exhibit nonlinear t.vpe dissolution and for 
drugs which are rapidly absorbed and relatively 
slowly excreted (5) the blood concentrations possibly 
should subside at au earlier time. Further, the in- 
itial and subsequent twelve-hour doses must be such 
that they can be prescribed in units which are readily 
measured by the consumer. Tlic consumer may be 
either an adult receiving a fl.xcd amount of drug or an 
infant or cliild receiving the product on a mg. /Kg. or 
gr./lb. bash. 

An SETD dosage regimen of 3.9 Gm. for the in- 
itial twclve-linnr period followed by one-half of the 
original do.se (1.95 Gm.) every twelve hours is com- 
patible with the above factors and is in reasonable ac- 
cord with the calculated estimate. This dosage reg- 
imen should provide blood concentrations near the 
desired 10 mg. % for the twelve-hour time interval. 
The 3.9-Gm. SETD dose corresponds to an initial 
dose near 2 Gm. to hasten the approach to the steady 
state and approximately 1.9 Gm. to maintain this 
blood concentration. 

Blood and Urine Concentration Studies.— -Par/ A. 
—The individual blood concentrations observed for 
12 subjects receiving a single dose of the sustained re- 
lease suspension (X46) equivalent to 3.9 Gm. of 
SETD arc shown in Table III. The minimum, 
maximum, and average free SETD blood concentra- 
tions for these subjects are shown in Fig. 1. The 
mean blood concentrations are near 10 mg. % for the 
observed ten hours and are in reasonable corre- 
spondence with those found for similar subjects re- 
ceiving an initial 2.0-Gm. dose of SETD followed by 
0.22-Gm. doses of SETD every hour (0). This is 
further illustrated in Table IV for the only subject 
ija) receiving both dosage regimens. The corre- 
spondence in blood concentrations indicates that the 


• A‘t licrc is 0/ (o 12 hour ur may he 
!2*“i prr hour. 
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sustained release suspension is pro\ iding an initial 
release near 50% of SETD and that the balance is 
being absorbed o\ er most of the observed time 
period 

The iverage total eNcretion in urine four hours 
after oral administration of crjstalline SETD m 1 0, 
2 0, and 3 0 Gm doses pre\iousl\ observed for 4 
subjects was 200, 460, and 775 mg, respectiv'eh 
The average total excretion in urine for subjects re 
ceiv mg single doses of the sustained release suspen 
Sion (V46) was 460 mg after four hours The close 
correspondence in the four hour excretion v alues for 
•'2 0 Gm dose of crj stalline SETD and a single dose 
of the sustained release suspension also indicates that 
approximately 50*^ of the drug content is availible 
for earh absorption Irom the suspension 

Average free blood concentrations over a twenty 
four hour period for 61 subjects receiving a single 
dose of the sustained release product equivalent to 



jects receiving a single oral dose of the sustained 
release suspension X46 equivalent to 3 9 Gm of 
SETD 

Table III — Free Blood Concentrations (mg 
' c ) FOR Adult Human Subjects Receiving a 
Single Oral Dose of Sustained Release Sus 
PENSION (X46) Equivalent to 3 9 Gm or SETD 


Subject 

Br 

2 

14 3 

4 

14 

2 

Hours 

G 8 

12 8 10 9 

10 

9 6 

12 

8 5 

Ca 

11 

6 

14 

0 

15 4 

13 0 

12 1 

10 5 

Cr 

11 

6 

10 

3 

8 9 

8 4 

7 9 

7 5 

Ha 

11 

3 

12 

2 

9 8 

8 4 

7 4 

7 2 

Jo 

5 

7 

8 

5 

10 5 

9 0 

8 8 

8 4 

Bo 

6 

7 

10 

1 

10 8 

9 5 

9 4 

9 0 

Ra 

9 

8 

10 

1 

10 8 

11 0 

10 3 

9 4 

Ch 

12 

5 

12 

3 

12 0 

10 5 

10 3 

8 4 

Ml 

10 

8 

11 

4 

11 6 

10 3 

9 8 

8 8 

In 

10 

5 

14 

0 

13 0 

11 8 

10 3 

9 4 

Cl 

9 

8 

10 

5 

10 8 

9 8 

9 4 

8 5 

Je 

10 

1 

10 3 

11 4 

10 8 

8 1 

6 5 


3 9 Gm of SETD are shown in Fig 2 Cumulative 
drug excretion in urine for 49 of these subjects o\ er 
sev entv two hours is show n m Table 1 These data 
are in reasonable agreement with those observed for 
lot X46 It has been reported previously (4, 8) that 
abs irption may be considered essentially terminated 
when the slope of the first order rate equation plots 
of drug disappearance from blood becomes identical 
far the dosage forms studied For this product the 
semilogarithmic plot of the av erage free SETD blood 
concentration approximates a straight line after siv 
hours The slope of this line, however, indicates a 
rate of disappearance (ki,) near 05 hour"* rather than 
07 to 12 hour"* observed for crvstallme SETD 
This difference m SETD excretion is also illustrated 
in Table V which compares the average cumulatwe 
drug excretion in urine over a seventv two hour pc 
nod for 23 adult subjects receiving cry stalline SETD 
with that for 49 adult subjects receiving the sus 
tamed release product These data indicate that 
ibsorption is apparentlv occurring after six hours 
but at a rate which w ith time becomes increasingh 
less than that required to maintain a constant blood 
concentration 

The indication that approximately 2 0 Gm is 
<ivailable for early absorption and the prolonged re 
lease which may be inferred from the extended ab 
sorption time agree generally', but do not correlate 
orecisely , with the results which were anticipated 
from the lu oitro dissolution study 

Part B — Clinical studies have shown the thera 
peutic efficaev and safety of SETD when admmis 
tered according to a dosage regimen of 1 0 Gm evert 
SIX hours (16) It has been shown (6) that m the 
type of subject being studied such a regimen will 
provide steady state total SETD blood concentre 
tions lying between 6 5 and 18 mg % The sus 
tamed release product should provide comparable 

Table \ — Average SETD Excretion iv Urine 
Over a Seventv tw o Hour Period for 49 Adult 
Subjects Receiving a Single Oral Dose of the 
Sustained Release Product Equivalent to 3 d 
Gm of SETD and 23 Adult Subjects Receiving 
Oral Doses of Approximatelv 3 9 Gm of Crvs 
TALLINE SETD 


Collection 

Average SETD Excretion 
m Urine mg 

Sustained 

Release 

Time 

SETD 

Product 

0-4 

1149 

451 

4-8 

821 

720 

8-12 

407 

473 

12-24 

608 

714 

24-48 

472 

648 

48-72 

106 

202 


Table D — Free and Total Blood Concentrations for Subject Ja Following A Single Oral Dose 
OF THE Sustained Release Suspension (X46) Equivalent to 3 9 Gm or SETD and Orai Doses of 
2 0 Gm Follow ed bv 0 22 Gm Everv Hour for Eight Hours or SETD 


Material 1 

SETD capsules 

Total 9 9 

Free 9 5 

Sustained release (X46) suspension 
Total 
Free 


Hours 


2 

4 

0 

8 

10 

12 

13 2 

12 8 

13 4 

12 3 

12 3 

11 8 

11 2 

11 0 


9 3 
8 7 

9 0 

8 8 

11 5 

10 9 

12 7 

11 5 

11 1 

9 7 

10 2 

9 4 

9 3 
8 C 
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blood concentrations when a dose approximating 2.0 
Cm. of SETD is administered ever}- twelve hours. 
The observed total SETD blood concentrations for 
10 subjects receiving oral doses of the sustained re- 
lease suspension (X46) equivalent to 3.9 Gra. of 
SETD initially followed b\- 1,95 Gni. of SETD every 
twelve hours for 5 consecutive doses are shown in 
Fig, 3 (the free drug concentrations were only 
slightly lower, as has been noted previously (6) ). 
Circles denoting the average concentration in blood 
have generally been connected by lines. These lines 
do not necessarily indicate the preeise concentration 
at any time but were added to aid in visualization. 
The vertical distances between the starred points de- 
note the limits of observed total drug concentration 
in blood. The mean experimental values shown in 
Fig. 3 are reasonably constant throughout the entire 
period, and the concentrations generally are within 
the theoretical limits calculated for a dosage regimen 
of 1.0 Gm. of crystalline SETD administered every 
six hours. The blood concentrations also correspond 
closely to those previously reported (6) for similar 
subjects receiving 2.0 Gm. of crystalline SETD fol- 
lowed by 1.0'Gm. dose evert- six hours for 11 con- 
secutive doses. For purposes of comparison these 
data are shown in Fig. 4 

Figure 5 illustrates the constant twelve-hour ex- 
cretion pattern of SETD following establishment of 
diffusion equilibrium and steady state blood concen- 
tration. Absorption efiiciency mat- be calculated 



Fig. 2. — .-It-erage free SETD blood concentrations 
for 61 adult human subjects receiving a single oral 
dose of the sustained release product equivalent to 
3.9 Gm. of SETD. 



tu ^ ^ ^ ^ blood cimcentratiou data fo 

111 adult human subjects receiving the sustained re 
lease suspension X4r> in doses equivalent to 1 0. 

r'.'lri.lMr? Flies indicati 

talculatcti maximum and minimum limits. 


from the slope of the lim- tUtr'mi’. its straight line 
phase. The theoretical .slope for this do., -igc regi- 
men, when absorption and urinary excrciiDii clii- 
ciency are 100%, is 0.103 Gm /hour The slope eal 
culated from Fig, 5 is 0 1(1 Gm./hoiir, indieatiiig an 
average absorption cfTiciciicy greater than il.'i', b,r 
these subjects. Total SETD reeoveric', in urine 
after ninety-six hours for tlie subji rls reeeiving the 
dosage regimens shown in Figs. 3 ami 5 ranged from 
87-100% with an average of approximately ',C , 
An average of 0.5%. of the drug foiiml in urine was 
biotransformed. This amount of biolransforination, 
based on urinary data, compares favorably with the 
11% previously reported (0) for similar subjects re- 
ceiving multiple oral doses of crystalline SE'l'D 

These data for multiple doses of the sustained re 
lease suspension indicate that when SETD is incor- 
porated in sustained release form for twice daily ( ral 
dosage the pin-sician may expect to obtain bh oil con- 
centrations at least equivalent to those previoush’ 
obtained on a four times daily regimen Further, 
the prolongation of absorption, time tlwougU sus- 
tained release does not decrease the efFicicncy of total 
absorption nor increase the per cent biotransforraa- 
tion of this drug. 

These experimental data in conjunction with pre- 
viously reported data (3, 4, 5, 6, 8) illustrate some of 



Fig. 4.— -Total SETD blood concentration data 
for 4 adult human subjects (6) receiving 2 Gm 
SETD followed every six Iiours by a 1-Gm. do.se for 
seventy-two hours. Broken lines indicate minimum 
and maximum calculated limits where the kt, is 
estimated to vary between .07- 12 hour"* and the 
time lag for absorption Ti is estimated to be 2.0 
hours. 



Fig. 5.— -Average cumulative urinary excretion 
of total SETD for 10 adult subjects corresponding 
to the dosage regimen shown in Fig. 3. 
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the methods we have utilized for the design and eval- 
uation of a sustained release dosage form The util- 
ity of the specific velocity constant for drug elimina- 
tion from blood for estimating amounts of drug to be 
incorporated into and approximating the amount 
and duration of in vivo release for sustained release 
dosage forms is discussed The general relationships 
between results anticipated by tn vitro tests and those 
observed tn vtvo, although not precise, may aid in the 
formulation of oral sustained release dosage forms 

This approach should not only facilitate sustained 
release dosage form study and design, but may also 
aid in establishing standards of performance for some 
sustained release products 

SUMMARY 

1. A sustained release suspension of sulfa- 
ethylthiadiazole (SETD) was prepared by spray 
congealing a mixture of SETD (40 per cent w/w) 
in molten hydrogenated castor oil, and suspending 
the resulting powder in an aqueous vehicle. 

2. The spray-congealed powder consisted of 
spherical particles having an average particle size 
of approximately 35 n. Fine particles of SETD 
were uniformly distributed within the spheres. 

3. Dissolution characteristics of the powder 
were determined under standardized conditions 
using three different in vitro test fluids. Dif- 
ferences in amounts of drug dissolved in each of 
the test fluids were minimal at fifteen minutes. 
The rate of release was not linear and decreased 
with time. Possible relationships between in 
vitro dissolution characteristics, the observed drug 
concentrations in blood, and excretion in urine 
for subjects receiving oral doses of the product are 
presented and discussed. 

4. Single oral doses of the sustained release 
product equivalent to 3.9 Gm. of SETD, when 
administered to 12 adult human subjects, main- 
tained blood concentrations near 10 mg. per cent 
during a two to twelve-hour period. Maximum 
concentrations occurred near six hours and sub- 
sided to the minimum at twelve hours. 

5. Blood concentrations after two hours and 
the amount of drug collected in urine after four 
hours are very similar for subjects receiving orally 
either 3.9 Gm. of SETD in the sustained release 
suspension or 2.0 Gm. of uncoated crystalline 
SETD. This indicates that approximateh' 50 
per cent of the sustained release dosage form is 
available for early absorption. 

G. Although the greater part of the single oral 
dose was absorbed during the first six hours the 
remainder was apparently absorbed over an ex- 
tended time interval, as evidenced by the slope of 
the blood concentration curve and drug excretion 
in urine. The apparent mean from the slope of 
the straight fine after six hours for the subjects 


studied was approximately .05 hour"', whereas 
for similar subjects receiving nonsustained 
crystalline SETD the actual kt, value ranged from 
.07 to .12 hour"'. The amount of SETD ex- 
creted in urine over seventy-two hours for sub- 
jects receiving the sustained release product was 
found to be less in early and more in later time 
periods than for similar subjects receiving crystal- 
line SETD. 

7. Administration of multiple oral doses of 
the sustained release suspension equivalent to 3 0 
Gm. of SETD for the first twelve hours followed 
by 1.95 Gm. every twelve hours resulted in blood 
concentration maxima and minima which corre- 
spond to those calculated and observed for a regi- 
men of 2.0 Gm. of uncoated crystalline SETD for 
the first six hours folloived by 1.0 Gm. every si.x 
hours. 

8. Drug recovery from urine was used to de- 
termine minimum absorption efficieney under the 
conditions of this study. About 95 per cent of 
the administered dose was recovered in urine, an 
amount corresponding to that observed when 
crystalline SETD is administered. 

9. Biotransformed SETD in urine averaged 
G.5 per eent following administration of the sus- 
tained release suspension. This was of tlie same 
order of magnitude as observed for subjects re- 
ceiving crystalline SETD. 

10. Employment of the concepts embodying 
measurement of drug disappearance from blood 
and e.xcretion in urine may facilitate study and de- 
sign of sustained release dosage forms and be of 
value in establishing standards of performance for 
products where these values can be related to 
therapeutic response. 
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Spectrophotofluorometry of Reserpine, Other 
Rauwolfia Alkaloids, and Related Compounds* 

By R. P. HAYCOCK, P. B. SHETH, and W. J. MADER 


The excitation and fluorescent characteristics 
of a number of Rauwolfia alkaloids and related 
compounds are reported using a Spectro- 
photofluorometer. A procedure for the de- 
termination of reserpine in mixtures of reser- 
pine and rescinnamine is described. 

^T^he phenomena of natural fluorescence of re- 

serpine and other rauwolfia alkaloids has been 
noted by various investigators since the isolation 
of reserpine was reported, and several investiga- 
tors have utilized fluorescences for the determina- 
tion of reserpine in dosage form and in biological 
tissues (1-3). However, these investigators em- 
ployed filter type fluorometers which restrict the 
fluorescent detection to the visible region of the 
spectrum and to those fluorophors that absorb 
light corresponding to one of the available lines of 
the mercury emission spectrum. The develop- 
ment of spectrophotofluorometers has e.\tended 
the scope of fluorescent analysis to permit the ex- 
citation of compounds and the measurement of 
resulting fluorescence throughout the ultraviolet 
and visible regions. 

To date, little data have been reported on scan- 
ning spcctrophotofluoromctric measurements of 
rauwolfia alkaloids. This led to a survey of the 
excitation and fluorescent characteristics of a 
number of rauwolfia alkaloids and related com- 
pounds for possible usefulness as a basis for the 
identification and quantitative assay of reserpine 
in the presences of other rauwolfia alkaloids. 

EXPERIMENTAL 

Apparatus. — Amiiico-llowman Speclroplttilofluo- 
rinuclcr with silica cells, 1-cm. cross section, four 
transiiarcnl sides. Recorded spectra wcic obtained, 
using a Mosely Model No. .’1 Elat Bed X-\' Recorder, 
modified for use with tlie Spcctropliotofluoroinctcr. 

Solutions. — Dissolve 2.").0 ing. of the coiiiiiound 
in 1 ml. of cliloroforiu and dilute to 100 ml with 
methanol. Dilute 3.0 ml. to exactly 50 ml. with 
methanol and further dilute 10 ml. to exactly .50 ml. 
with methanol. The diluted solution contains 3.0 
pg of alkaloid per ml. Indole, uorUarmauc, and 
harmaliiie are prepared to contain 1.5 nE per ml. 

Technique. The Amiiico-Bowiiiau Speciropho- 
toniioromcler used in this study wasealihratcd using 
d 1 pg. V. S P. quinine sulfate per ml. in 0 1 A' 
sulfuric acid in accordance with the technique of 
Sprince and Rowley (4). The excitation maximum 
was observed at 3.50 m/j. and the corresponding max- 
inmm rtuctreseeiU i)eak occurred at 450 nip The 

• Urceivril 1-rlmiary Cf., (n.ni tlw Ucsyarcli Depart- 

nu-nt, tilia I’h,arm.iccnlical Prinliicts Inc , Summit, N J 


peaks checked within 5 mp on repeated tests and 
agreed with the corrected values reported by Sprince 
and associate. 

The fluorescent spectrum for each solution was 
scanned on the oscilloscope screen, while changing 
the excitation wavelength until the appearance of a 
fluorescent band. -At the fluorescent maximum, the 
wavelength of maximum e.xcitation was determined 
by manipulation of the excitation monochromator. 
Under these conditions, excitation and fluorescent 
maxima were obtained for each compound tested, as 
shown in Table I, together with the structural form- 
ula and relative fluorescent sensitivity. The rela- 
tix’e fluorescent sensitivity is the product of the meter 
reading on the transmission scale and meter multipli- 
cation factor. Excitation and fluorescent spectra of 
reserpine, rescinnamine, 3-dehydrorescrpine, and 
tetraliydroreserpine are presented in Figs. 1-4. 
These spectra are typical of the other alkaloids 
and related compounds. 

METHOD DEVELOPMENT 

An adaptation of the Szalkowski-Mader colori- 
metric reaction of reserpine with nitrous acid is the 
official (5) and preferred procedure for determining 
reserpine in dosage form. In a prior publication (G) 
from this laboratory, it was established that the 
7-inetho.xy-/S-carbolinc group, i e., the U-methoxy 
group and the .AB and C ring skeleton of reserpine, is 
the functional group responsible for the yellow pig- 
ment which is formed. Of the alkaloids containing 
this similarity to reserpine, methyl reserpate and re- 
serpic acid arc eliminated in the extraction procedure 
and dchydrorescrpinc and tetradehydroreserpine do 
not interfere. The other principal alkaloid found in 
various species of rauwolfia which contains this com- 
mon structural similarity to reserpine and reacts 
with nitrous acid is rescinnamine. A preliminary 
examination of the fluorescent spectra of reserpine 
and rcsciimamiuc showed that they exliibit different 
excitation and fluorescent spectra and led to a study 
of the practicability of determining reserpine in tlie 
presence of rescinnamine by spectrophotofluorom- 
etry. 

Procedure. A solution of reserpine in methanol 
was prepared as outlined under Experimental to give 
a range of 1 ^g. to 5 /ig. per ml. The excitation 
monochromator and fluorescent monochromator 
were set at 280 m;i and 300 m^i, respectively, at the 
maximal cxcilution and fluorescent response of reser- 
pinc. The relationship between concentration of re- 
scrpinc and fluorescence is shown in Fig. 5. All 
measurements were made using '/u inch defining slit 
(Ixind pass = (i mjn) and a 1P21 photomultiplier. 
The blank reading served as the fiducial point, and 
the instrument was set at an arbitrary point with the 
highest standard The fluorescence is proportional 
toconccntratiim in the range of ! to opg. per ml. 

The uIkivc method has l>een successfully applied to 
mixtures of reserpine containing as much as SO' 
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Table I — Sensitimti and Maximum Excitatiox and Fluorescent Wa\elengths for Some Rau 

woLFiA Alkaloids and Related Indoles" 


Compound 

Reserpme 


Isoreserpine 

Dehj droreserpme perchlo 
rate 


Tetradehj droreserpme 
ehlonde 


Rescinnaraine 


Structure 

/"s 


MI-Tn' 

/V' N '^/x 

R. H I „ I 


/ 

R. \ 


OR, 
OCH, 





1 




N* Cl- 


\ 

H 


R« \ 


^OR, 

OCHj 



R \ 


OR, 
OCHj 


Wa, elength m,, 

Exci Fluores Relatn e 

tatton cence Fluorescent 

max max Sensitititj 

280 360 G 


390 

510 

18 

390 

510 

75 


340 440 50 


310 440 


rescmnamme with recox enes xxithin 2 to 3% of the 
theoretical reserpme content as shown m Table II 
The reproducibihtj of replicate determinations was 
within 3% This difference is not more than can be 
accounted for b\ analj tical errors 

DISCUSSION 

The following discussion is not meant to be a com 
plete e\ aluation of the findings, rather it is intended 
onh to point out the more evident results to emerge 
from the m\ estigation The excitation and fluores 
cent spectra of reserpme, reserpinine, descrpidine, 
renoNidme (reserpme N oxide), methx 1 rcserpate, 
methxl O (3,5 dimethox\-4 hxdroxxbenzoxl) reser 
pate. s\ rosmgopine, and sj rosingopine V oxide gen 


erallj showed peaks at approximate!} 2S0in/jw)tli > 
corresponding fluorescent maximum at approxi 
mately 360 m/i The order ol magnitude of fluores 
cence depends upon certain groups in \ arioiis posi 
tions of the basic alkaloid structure For example, 
the 11 methox} moietj impedes fluorescences as is 
ev ident b\ a comparison of reserpme w itli descrpidine, 
which does not possess an 11 methoxj group and pro 
duces all increase m fluorescences equivalent to - /• 
above that of reserpme Reserpinine, a tertiarv 
indole alkaloid with a hetcrocjchc ring V and pas 
sessing an 11 metlioxy substituent emits fliioresceiil 
light below that of reserpme The introduction o 
ov} gen at position 4, how ev er, is an enhancing group 
as is evident b} an increasein tlicfluoresenccennssion 
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Table I — Continued 


Compound 

Desefpidine 


Reno\iditie (reserpme 
N'OMde) 


Methyl reserpute 


Reserpmme 


Mcilnl 0 (3.5-dimclho\\ -4 
In drow beiiioi 1 ) rcser 
p.itc 


Structure 







Wavelength, Him 
E xci Fluores- 
tation cence, 

max max 

280 360 


280 360 


300 360 


300 360 


300 360 


Rclatt\c 

Fluorc'cenl 

Scnsitnitj 

15 


8 


19 


8 


of renoxidinc (roserpme X-oxidc) and smosidro 
pmc K-oMdc The cslcriBcd alcoholic function of 
rcscrpiuc. i c . trimelhow benzoic acid decreases the 
ftuorcseenees consiikiabls as can be seen bv a coin- 
panson of the fluorescent emission of reserpme with 
metlnl rcserpate The substitution of a li\dro\\l 
group in the esterified iunclioii, i e , 3,5-dimctho\y- 
4-hjdro\\ benzoic acid has an ciilnncmg effect upon 
the fluorescence displai cd bi reserpme as is c\ idcnt 


b\ the increased fluorescences of metln 1 0-(-3,5 di- 
nictho\> -4-h\ droiybenzoyl) rcserpate 
The estcrified alcoholic function of rescinnamine, 
1 c , tnmethosy cinnamic acid, is responsible for a 
shift in the cvcitatioii ma\imnm to 310 mji and a cor- 
responding shift in the fluorescent emission to 440 
nm In addition to the shift, the fluorescent re- 
sponse ts considcrabK' weaker tiian that produced b\ 
the rcserpine nucleus This qualititiic and quanti- 


/ 


i 
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Compound 
Sy rosingopine 


Resciiinaiiiine N-oxide 


Sj rosmgopine N-oxide 


Trimetliow benzoic acid 


Triiiiethoxj cinnamic acid 


Indole 


Norliarmanc 


Table I — Continued 


Structure 

lA— 

N 


/Vv'v/x 

Ri ^ 


\ 


R". 


OR7 


OCH, 




R 


^OR, 

OCH, 


OCH3 


HOOC 



-OCH 3 


OCH, 


OCH 3 



OCHj 



Wavelength ni/i 
Exci riuores Relatuc 

tation, cence, Huorevient 

max max fcensitnjty 

300 360 4 


310 440 2-3 


290 350 6 


280 360 


300 400 <1 


280 340 30 


350 380 30 

285 380 W 


150 


Harmaline hj drochloride 


390 


490 
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Table I — Concluded 


\Va\chnj;t.h. Wm 

Lxcita riuorcs Rclatixc 

tation. ccncc. nuore'<rent 

Compound Structure max max Sensjti\Jtv 

Key: 

R, = CH3O Rs = H 

R. = COOCH3 

OCH3 

/ 

R, = OC— ^ OCH3 Re = 

\ 

OCH, OCHe 


OCH3 

/ 



OCH5 


/ 


OCHs 


Ri 


OC— CH=CH— <^^>— OCH, 


\ 



OCH3 


OCH, 


" The authors \\t5h to acknowledge the assistance of tbeif associates, R A Lucas and P R Ulsfaafer, u ho supplied us with 
some of the alkaloids 



ny* 

Fig 1 — E\citatioii ;iiid fluorescent spectra of 
rescrpinc in mctlianol (3 ng /ml ) A Excitation 
scan — fluorescence held at 300 nm B Fluorescent 
scan — excitation licld at 2fi0 ni/j 



I'lg 2 — Excitation and fluorescent spectra <if 
rtscnmamnie in inelhanol (3 iig , nil ) A Ex- 
citation so;in — fluorescence licld at 4-10 mp B 
I'luoiesccnt scan— excitation held at 315 mn 


Table II —Analyses or Reserpinx-Rescin'NAmike 
Mixtures 


Rescrpinc 

Rescinnamine 

Reserpine 

Added. 

Added, 

Found, 

% 

Tc 

% 

99 2 

0 8 

98 5 

99 2 

0 8 

99 2 

95 2 

4 8 

95 2 

95 2 

4 S 

94 2 

so 0 

20 0 

SO 0 

so 0 

20 0 

81 5 

40 0 

00 0 

40 9 

25 0 

75 0 

23 S 

16 7 

S3 3 

17 2 


tative difference can be utilized in the detennination 
of reserpinc in the presence of rescinnamine. How- 
ever, it IS not applicable when applied to prepara- 
tions containing other rauwolfia alkaloids having 
identical fluorescent characteristics to that of reser- 
pinc unless used in conjunction with other tech- 
niques For example, methyl rcserpatc and rcserpic 
acid may be removed by preliminary extraction with 
acid and base as outlined in the U. S P nitrite pro- 
cedure (o) The presence of deserpidine, a possible 
contaminant of commercial rescrpinc obtained from 
Rauwolfia cnncsccns, may be detected by chromatog- 
raphy (7) on paper and on columns or may be deter- 
mined by difference between the spectrophoto- 
fluorometric technique and the U S P nitrite proce- 
dure (5), since deserpidine docs not react witli nitrous 
acid In spite of its limitations, the spectroplioto- 
fluorometry technique embodies certain advantages 
not iiilicrent in other procedures and, in particular, 
may be applied to the determination of micro quan- 
tities of resoriiiuc 

Dchjdrorescrpiiie and 3-isoreserpinc display a 
high visible flunrescence at 510 mp. which is maxi- 
m.ally excited at .300 niai This shift in nuorc^icc/icn 
of isiireserpiiie from the iiltr.iiiolel is not accom- 
panied hi ,1 noticeable chaiigemthcnhsoriilioiispec- 

tnim of the bisic reseriiiiK miclcns Tlie fluores- 
cence of dcludrorcserpinc iscquiialent to twelvefold 
tli.at of reserpinc, and tiie fluorescent cniission of iso- 
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Fig. 3. — Excitation and fluorescent spectra of 
3-dehydroreserpine in methanol (3 yug./ml.). A. 
Excitation scan — fluorescence held at 510 m/i. 
B. Fluorescent scan — excitation held at 390 m/i. 



Fig. 4. — Excitation and fluorescent spectra of 
tetradehydroreserpine in methanol (3 iig /ml ). 

A. Excitation scan — fluorescence held at 440 m/i. 

B. Fluorescent scan — excitation held at 340 m/z. 

reserpine is increased by a factor of three over that of 
reserpine. Presumably, this shift in fluorescences is 
related to epimerization at C-3 and unsaturation in 
ring C. Although the significance of this phe- 
nomenon is not understood, it can be useful as a 
method for assaying reserpine, as the visible fluores- 
cence of dehydroreserpine is increased 12 times that 
of the natural fluorescences of reserpine and offers 
the added advantage of the possibility of using filter 
type fluorometers. Details of a procedure based on 
the conversion of reserpine to dehydroreserpine to 
produce a fluorescent peak at 510 m^i will be the basis 
of a subsequent publication. 

An examination of tetradehydroreserpine, another 
oxidative degradation product of reserpine, likewise 
displays a sizeable increase of fluorescence over that 
of reserpine. In addition to the order of magnitude 
of fluorescence, the excitation and fluorescence emis- 
sion are unlike those of either reserpine or dehydro- 
reserpine. In this case the maximal fluorescent 
emission is found at 440 m/i when excited at 340 m/j. 

CONCLUSIONS 

1. A large number of rauwolfia alkaloids and 
related compounds have been subject to a spec- 
trophotofluorometric study, and for each com- 



Concentratlon in meg 

Fig. 5. — Relationship between concentration of 
reserpine and fluorescence. 

pound the wavelength of maximal excitation and 
fluorescence and relative fluorescent sensitivity 
are reported. 

2. The totality of the results of this survey al- 
lows several generalizations as to structural 
groups and fluorescence. The methoxy moiety 
and esterified substituent, trimethoxybenzoie 
acid, produces a decrease in the emitted light. 
The degree of fluorescence of indole alkaloids with 
a heterocyclic ring E is less than that of the reser- 
pine nucleus. The introduction of oxygen at po- 
sition 4 enhances the fluorescent emission. The 
substitution of trimethoxycinnamic acid as the 
esterified alcoholic function in place of tri- 
methoxybenzoic acid is responsible for a shift as 
well as a weaker fluorescent response. Epimeri- 
zation at C-3 and unsaturation in ring C shifts the 
fluorescence from the ultraviolet to the visible 
with an increase in the fluorescent intensity of 
several magnitudes. 

3. A fluorometric procedure based on the con- 
version of reserpine to dehydroreserpine has been 
suggested. Details will be published later . 

4. A practical spectrophotofluorometric pro- 
cedure for the determination of reserpine in mix- 
tures of reserpine and rescinnamine has been dc 
scribed that is based on the natural fluorescence of 
reserpine at 300 mu when maximally' excited at 
280 mp. Rescinnamine exhibits different excita- 
tion and fluorescent spectra and does not inter 
fere. 
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A Note on N-Ethoxy-N-ethyl-»/-toluamide Insecticide* 


By RANDOLPH T. MAJOR and HANS-JURGEN HESSf 


Based on structural relationships it was postu- 
lated that N-ethoxy-N-ethyl-»;-toluamide 
would prove to be an e&ctive insect repellent 
as is N,N-diethyl-»/-toluamide. It has been 
shown that N-ethoxy-N-ethyl-»j-toluamide is 
an insecticide, particularly against mosqui- 
toes. 


R ecently, investigators in the U S Department 
of Agriculture have reported that I\’,N'-dieth> 1- 
III toluamide is an active insect repellent (1-3) 

Based on analogies between the pharmacological 
.activity of substituted amines and substituted hy- 
drovylamines (4) it seemed likely that N-etlio\y-X- 
cthyi-iM-toluamide. iii-CHjCeHsCOXi CiHslOCiHs, 
would also be an insecticide or insect repellent 
X-Etho\y-X-ethyl-»i-toluaniide was prepared by 
the interaction of ni-toluyl chloride (5) and X-eth- 
o\y-ethylamine (6, 7) 

EXPERIMENTAL 

N-Ethoxy-N-ethyl-in-toluamide. — To 10 0 Gm 
(0 069 mole) of wi-toluyl chloride in 10 cc of benzene 
was added, with CNtcnial cooling, 13 Gm (0 146 
mole) of X-ettio\y-ctliylamine' in 10 cc of ben- 
zene After tlie mixture had stood, oveniiglit, it 
was treated with an aqueous solution of potassium 
carbonate and extracted with ctlier The ether 
solution was dried over sodium sulfate and distilled, 
b p of the amide, 137-142° at 4 5 mm Redistilled, 
b p 139° at 4 5 mm , vicld, 10 6 Gm (75%) 
zlim/— Calcd for Ci-H„XO;- C, G9 51, H, 8 27, 
X, 6 76 Found- C, 69 60, H. S 57, X, 7 05 
Biological Activity. — Dr R F Pliillips of the 
Merck Sliarp and Dohnic Research Laboratories has 
reported that tlie compound showed no antibac- 


• RcccncfJ M ireh 27 froni the Cohb Chemical kab 

Mralor> Uni\crsil> of Virgini'i CharloitcsMllc 

The niithors arc {ndebted to Merck and Co, Inc, for a 
grant m support of this research and to the several invest! 
gators mentioned in this paper who have cooperated with 
them 

t Merck and Co Inc . Post Doctoral 1 cllow in Chemislrv. 
19'>r-Ur,8 

‘ It should be riotctl that on one occasion a violent explosion 
occurTe<! tluring the jireparatioo of N clhoxv cthj tammomum 
clilondc b> the mclhoil nf R T Major and E JT J Jeck, J 
Aw Chem Siv 50, 1170(1028) An aqueous solution of this 
salt was being concentrated tn racuo m an cicvtnc healing 
m.intlc Appircntl) tlie salt w.as overheated Aqueous 
sidiitions of K cthoxv cthv lammonium chlondc should be 
coticentratctl to drvncss on a water bath or a steam bath, 
prefendiU tn ron/o 


terial or antifungal activity against common plant 
pathogens However, he has written us that Dr 
Philip Granett of the Department of Entomology 
of Rutgers University put some mosquitoes, Aedes 
aegypli, in a five-inch long by two-inch diameter 
tube and tied a piece of cheesecloth w hich had been 
treated with a 5% solution of X-ethoxy-X-ethyl-ni- 
toluamide in acetone on one end of the tube The 
mosquitoes were knocked down, i. e., paralyzed or 
killed rapidly Also, a moderate degree of repel- 
lency was noted against stable flies, Stomoxys calci- 
Irans, but not against house flies, Mtisco domestica 
Dr Phillips has also written us that Dr. H. M, Peck 
of the Merck Institute for Therapeutic Research has 
carried out preliminary studies of the toxicity of 
X-ethoxy-X-ethyl-wi- toluamide. These indicate 
that it is probably relatively nontoxie A'o indica 
tion of dermal injury to the skin of the rabbit was 
noted when the material was tested for twenty-four 
hours by the Draize patch test. Toxicity tests in 
Carsworth CF strain mice gave the following results: 

i p LDm — approx. 800 mg /Kg. 

P O LDm — approx. 2.0 Gm /Kg. 

Toxic signs at such levels were loss of righting reflex, 
sedation, cxophthalmia, ataxia, lacrimation, and 
slow respiration 


SUMMARI' 

1 X-Ethoxy-X-cthyl-Hi-toluaraide has been syn- 
thesized. 

2 Preliminary toxicity tests indicate that X- 
cthoxy-X-cthyl-m-toluamide is relativel}' nontoxic 
s\ stemically, and also to the skin. 

3. X-Ethoxy-X-ethj-l-iH-toluamide shows con- 
siderable toxicitx to mosquitoes. Axdes aegypii, and 
rcpells stable flics, Stomoxys calcilrans, but not house 
flics, Afu^ca domestica 
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49!l5/7(”r''7)^ R T , J Am Chem Soc , 

!2M G T . and Porter, HR..! Chem Soc , 176, 

jS! dm Clem J . 20, 39(1 SOS) 

so^'itTOaMsr ’ • 



Sensitivity to Vaginal Jellies: A Note on the Therapeutic 
Index of Spermicides"' 

By JOHN H. HOLZAEPFEL, JOHN S. WARNER, and JULIET A. HOWARD 


I N A RECENT PUBLICATION (1) ive described the 
development of a rabbit vaginal-irritation test 
that is recommended as a reliable procedure for the 
determination of irritating properties of vaginal 
jellies and creams The present communication 
describes some of the results that we have obtained 
in using that procedure to evaluate the irritating 
properties and to determine the therapeutic indexes 
of experimental spermicides in jelly formulations 


ccutieal products, the therapeutic index of an active 
ingredient must be considered as important ai 
effectiveness alone. In our work, the therapeutic 
index was considered to be the ratio of the maximmn 
nonirritating concentration in the rabbit vaginal- 
irritation test to the minimum concentration show- 
ing instantaneous immobilization of sperm in the 
modified Brown and Gamble test. Table I shows 
the results from the evaluation of a number of 


Table I —Data from Rabbit A'aginal-Irritation Test of Experimental Spermicides 


Active Ingredient®, % 

0 5 Lauramidine hydrochloride 

0 5 Methylene dithiocyanate 

8 0 ( -Dodecylthionona(ethyleneoxy) ethanol 

8 0 f-Tridecoxypoly(ethyleneoxy) ethanol 
4 Oi -Nonj'lphenoxypolyfethyleneo.xjJ ethanol 


4 0 Octylresorcinoxynona(ethyleneoxy) ethanol 

2 0 N,N,N'-Tris(hydro.\-5'ethylpolyoxyethylene)-N'- 
octadecyl-l,3-propylenediamine acetate 
0 25 Bis(n-butylphen}'l)iodoniura chloride 
Blank 


Code 
No [* 

1 

2 

Total Irritation Counts 
per Rabbit‘d 

Rabbit Number 

3 4 5 0 

Average 

12 

20 

1 

15 

10 

18 

15 

13 

19 

44 

47 

44 

34 

29 

44 

40 

20 

4 

4 

2 

4 

0 

0 

2 


0 

1 

0 

0 

3 

0 

I 

21 

0 

0 

0 

0 

0 

0 

0 

29 

0 

0 

0 

5 

1 

0 

1 


2 

5 

5 

0 

1 

2 

3 


7 

3 

0 

3 

0 

7 

3 

32 

5 

2 

2 

0 

5 

1 

3 


0 

0 

0 

1 

1 

2 

1 

37 

7 

S 

6 

0 

6 

6 

G 

51 

23 

14 

1 

7 

6 

G 

10 


0 

0 

1 

4 

0 

0 

1 


° The active ingredient was formulated in a jelly base containing 2 0% boric acid, 10 0% glycerol, 0 02% butyl J)-hydroxy- 
beneoate, and 3 0% gum tragacanth The pH was approximately 4 S 

6 The code numbers that were used in a pre\ lous publication (2) are given here for comparison purposes. 

® The irritation count is a measure of the various degrees of erythema, exudate, and edema observed on the days following 
each of three daily applications of jelly Each type of irritation was graded as a 1, 2, or 3 degree level, depending upon its 
sexerity Erj-thema was considered the mildest type of irritation Each degree of erythema (designated as E) was gnen an 
irritation count of 1 . i e , Ei = I, £, = 2, Ei = 3 Ei was characterized by a slight redness of the mucosa, £> was character- 
ized by redness accompanied by occasional distinct blood vessels, and Ei was characterized by a deep redness accompanied by 
numerous engorged blood vessels The presence of an exudate, composed of pus and/or sloughed tissue, was considered more 
severe than erythema but less severe than edema Each degree of exudate (designated as X) ivas given an irritation count of 2, 
le Ai = 2,Xi = 4, A'l = 0 A''i was characterized by a few small globules of pus, A's w-as characterized by large globules of 
pus, and Xi was characterized by large amounts of pus and/or sloughed tissue exuding from the x'ulva Edema was con- 
sidered the most severe type of irritation Each degree of edema (designated as ED ) was given an irritation count of 3, i e , 
EDi = 3, EDi = 0, EDi = 9 EDi was characterized by- a slight swelling of the vulva. EDi was characterized by a swelling 
of the vulva to nearly tw-ice its normal size, and EDi was characterized by- a swelling of the vulva to several times its normal 
size The x arious irritation counts for the three days were totaled for each rabbit (For example, a rabbit showing El |5 
first day, Ei , .\i, and EDi on the second day, and Ej, Xi, and EDi on the third day would be given irritation counts of 1, a, 
and 15 [or each of the three days, respectively, making a total of 25 ) The highest total irritation count per rabbit possible is 


Two main criteria of a satisfactorj- contraceptive 
jell.v are effectiveness and safety. In an investiga- 
tion to develop an improved contraceptive formula- 
tion, an extensive study (2) of the spermicidal 
effectiveness of chemical compounds was made by 
using a modification of the Broyvn and Gamble (3) 
screening procedure A number of effective spermi- 
cides that had not been previously reported yyere 
discovered 

It was then neecssary to determine the safety of 
these compounds in contraceptive formulations 
In many cases the available toxicity data indicated 
that the materials yvere harmless The rabbit 
x-aginal-irritation test was used to determine another 
aspect of safety, namely, irritating properties In 
contraceptix'e formulations as in most pharma- 


* Recei\ ed Nox-ember 14, 1058. from the Department of 
Obstetrics and Gynecology. Ohio State Unixersity College of 
Medicine, and Battelle Memorial Institute, Columbus, Ohio 
This study- was sponsored by- the Research Department, 
Holland-Rantos Company, Inc , New X'ork 13, N Y 


Table II. — Therapeutic Indexes of 
Experimental Spermicides 


Code No 

Maximum 
Nonirntating 
Concentra- 
tion,® % 

Minimum 
Spermicidal 
Concentra 
tron.fr % 

Therapeutic 

Indcx*^ 

12 

0 25 

0 5 

0 .5 

19 

0 1 

0 1 

1 

20 

8 0 

0 5 

10 

21 

8 0 

0 5 

IG 

29 

4 0 

0 5 

8 

32 

4 0 

0 5 

S 

37 

1 0 

0 5 

2 

51 

0 1 

0 1 

1 


** The maximum nonimtating concentration is an UPI t 
mation of the maximum concentration that will result * , 

average irritation count of less than 5 in the rabbit 'as 


jrrjtntjon test , .mfifrr 

The minimum spermicidal concentration k the _ 

concentration that will result in an instantaneous 
Ijon of sperm in the modified Brown e,r 

‘ The therapeutic index is considered here as the _ 

the maximum nonirntatmK concentration to the mm 
spermicidal concentration 
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effective spermicides (2) using the rabbit vagina!- 
irntation test ( 1 ) Tabic 11 shows the therapeutic 
indexes of those materials 

Compound 51, for example, is five times as effec- 
tu<e a spermicide as Compound 21; honever, it has 
a much lower therapeutic index and thus would be 
much less satisfactory than Compound 21 as a 
contraceptive principle The importance of using 


the rabbit x'aginal-irritatinn test in conjunction ivith 
a spermicide test for evaluating speimicides is. 
theiefore, made appaient 

references 

(1) HoJzaepfel, J H , Warner, T S , Bu\ton, J A , anti 
Hov,ard,J A . TkisJoukkm,, 47, 423(1958) 

(2) Holzaepfet, J H , Greenlee. R XV , Wyant, R B , and 
Eli*!, W C , Terltiity ajid Slerrlttv, in press 

(3) Brown, R L . and Gamble. C J . Humnn rertthly^ S, 
97(1940! 


A Note on the Crystallography of Thenylpyramine Hydrochloride* 

By HARRY A. ROSE and JOHN G. WILLIAMS 


T henvlpx'ramine hydrochloride is a drug which 
is useful in the relief of allergic conditions Data 
are presented here which permit the identification of 
this compound by crystallographic methods 
The chemical name of the compound is 2-((2- 
dimethylanunoethy!)-2-thenylaminoj pyridine and 
is represented by the following structural formula: 



EXPERIMENTAL 


Crystals suitable for crystallographic work may 
be obtained by recrystallizatioii from isopropyl 
alcohol The crystals are monoclinic plates lying 
on the 100 face and closed by the Oil faces Occa- 
sionally small 210 faces may be seen 

Table I — X-Rav Diffraction Data 


Unit Cell Dimensions Oo = 27 35 A, ba = 10 38, 
Co = 10 96 A 

Formula Weights per Cell 8 
Formula Weight 297 85 

Density 1 273 Gm /cc (flotation), 1 2SI Gni /cc 
(X-ray) 

Bela Angle 96° 

Axial Ratio a-b:c - 2635.1:1 050 
Sp.Tcc Group CoVi — P2x/n 


Table II — Optical Crystallographic Data 


Ucfr.ictivc Indexes (5S93A , 25°) a = 1 592, 
e = I OGG, T = 1 700. A' (ill 100) = 1 642 
Ojitic Axial Angle ( — ) 2 = 05°40' (calcd from 
n. d, ami T ) 

Orientation a c = 32° m acute -1=5 


• Rcceucd Mnrcb 28 19,59 from the An.iI>Uc.sl DepsrI 
meat Lli I illj aijil Ci* In(lnn.ii>o!is (i, Int! 


The X-raj' powder diffraction data were obtained 
using copper radiation and nickel filter with a 
camera 114 6 mm in diameter. A xvavelength 
x'alue of 1.5405 A was used in the calculations. The 
indexdng of the powder pattern was done on the basis 
of single crystal rotation patterns around both the 
b and c axis 

On heating, thenjdpyramiiie hydrochloride melts 
in the range 164 5-166 5°. The melt does not crys- 
tallize on cooling. 


Table HI — X-ray Powder Diffraction Data 


4 

1/Ji 

hk! 

d (calcd } 

8 26 

0 03 

210 

8 25 

7 56 

0 17 

on 

7 52 

6 80 

0 13 

400 

6 SO 

6 41 

0 03 

211 

6 39 

5 71 

0 07 

410 

5 76 

5 24 

0 33 

202 

5 21 

4 87 

0 50 

202, 220 

4 89. 4 85 

4 09 

0 07 

021 

4 69 

4 54 

0 13 

600 

4 53 

4 39 

0 13 

221 

4 37 

4 15 

1 00 

610 

4 15 

4 04 

0 13 

402 

4 05 

3 74 

0 50b 

412, 022. 602 

3 70, 3 70, 3 68 

3 50 

0 17 

222 

3 56 

3 41 

0 13b 

620, 422, 230 

3 41,3 40,3 35 

3 17 

0 20 

422 

3 19 

2 99 

0 20 

023 

2 98 

2 91 

0 20 

812 

2 92 

2 72 

0 13 

10, 00 

9 79 

2 02 

0 07 



2 55 

0 07 



2 50 

0 07 



2 43 

0 03 



2 40 

0 07 



2 34 

0 07 



2 29 

n 03 



2 22 

0 03 



2 13 

0 07 



2 07 

0 03 



2 04 

0 03 



2 01 

0 03 





The United States Pharmacopoeial Convention, Inc. 

ANNUAL FINANCIAL STATEMENT 

Based upon the Report of the Auditor for the 
year ended December 31, 1958 

STATEMENT OF INCOME AND EXPENSE 


Income: 


Sales of pharmacopeias 

Collections 

Less — Decrease in account receivable 


S39 098 75 
3,900 25 

S 35,138 50 

Sales of reference standards 

Collections 

Add — Increase in accounts receivable and 
adjustment of prior years collections 


$41,904 18 

1,346 12 

43 310 30 

Interest on investments less amortization of bond premiums of S22 05 
Interest on savings deposits 

Use of text by others 

Miscellaneous 



0,839 85 
0,489 61 
20 00 
88 62 




$ 91 886 8S 

Expense: 

Revision 


$95,722 15 


Less 

Increase in inventory 

Opening of employees’ pension trust account 

S 905 43 
300 00 

1,205 43 

S 94,510 72 

Administration 

Publications 

Add — Decrease in inventory 


S 1,023 39 

9 003 88 

10,507 14 

10,027 27 

Headquarters 

Add — Depreciation expense 

Building 

Furnishings and equipment 

2,430 77 

4 14G C8 

5,772 12 

0,577 45 

12,349 67 


SI28 000 70 


Excess of Expense over Income S 30 113 32 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS (GENERAL ACCOUNT) 


Receipts: 

Sales of pharmacopeias 
Sales of reference standards 
Interest on investments 
Interest on savings deposits 
Use of text by others 
^Iiscellaneous 


Disbursements* 

Salaries 

Meetings 

Supplies 

Postage and telegrams 
Utilities 

Repairs and maintenance 
General 

Insurance and taxes 
Furnishings and equipment 


* Retirement and Social Secuntj 
Reference Standards (supplies onlj) 
Research Assistants 
Promotion 
Miscellaneous 






$39,098 75 
41.964 18 
0 862 50 

0 355 21 
20 00 
88 02 






$94,389 20 


Revision 

Adminis 

tration 

Pubh 

cations 

Head 

quarters 

Furnishings 

and 

Equipment 

Total 

$57,416 77 
5,567 87 
1,488 10 
1,642 69 

29,000 60* 

$ 5,245 00 
115 21 
115 38 
50 33 

4 981 22 

$1 023 39 

$1,075 00 

2 243 45 

1 154 22 

099 45 

SI 032 63 

S 0) 330 77 
.5 083 08 

1 003 51 

1 093 02 

2 213 Ja 
1,151 22 

.15 011 2- 
099 15 
1 0)2 03 

<595 722 15 

SIO 507 14 

$1 023 39 

$5 772 12 

SI 032 03 

Sll 1.057 II 


Sll 502 78 
5.936 91 
10.847 29 
794 90 
524 78 


<529 606 66 


488 
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ture m this general field (8-26) The usefulness of 
urinary excretion measurements lies in the direct pro 
portionality which exists between excretion rate and 
amount or concentration of drug m the blood 
stream ' When drug in blood is in equilibrium uitli 
the other fluids of distribution, then excretion rate is 
proportional to the concentration or amount in all 
fluids of distribution The proportionality maj' be 
expressed as (6) 

^ = KfA, (Eq 1) 

where dAe/dt is excretion rate in amount per unit 
time, K IS the rate constant tor removal from the 
bod\ m reciprocal time, / is the fraction of adminis- 
tered drug excreted unchanged in urine, and Axis the 
amount of drug m the blood or in the body, depend- 
ing on whether or not blood and other fluids of dis- 
tribution are at equilibrium Equation 1 may be 
written as « ell m terms of concentration in the blood 
since At IS equal to the product of blood concentra 
tion and distribution volume, Cb and Vj, respectively 
At equilibrium between blood and other fluids of dis- 
tribution, Vd represents total volume of distribution 
Equation 1 written in this form was the basis for de- 
termination of volume of distribution by simulta- 
neous measurement of excretion rate and blood level 
(15) In any application of Eq 1, it is implicitl) 
understood that no changes are made m test condi- 
tions that would cause a change in renal clearance of 
the compound under study 

Equation 1 is equally valid when applied to the ex 
cretion of a metabolite of a drug For example, if 
drug A is administered and it is transformed partially 
or entireh to a metabolite B, then Eq 1 mav be used 
to plot the amount vs time course of the metabolite 
in the blood stream This would, of course, require 
information on the value of the constants K and / 
and further, assurance that the site of the metabolic 
conversion is such that the metabolite enters the gen 
eral circulation If the rate of the conversion A to 
B IS known, then, conceivablj , excretion data on the 
metabolite could be used to elucidate the amount vs 
time course of its precursor A in circulation This 
would probably not be practical in most cases due to 
difficulties of measurement of the nccessari quanti 
ties 

The application of Eq 1 to evaluation of drug ab 
sorption IS particular!} direct when the information 
desired is of a comparative value For example, if 
the absorption of a given drug m se\ eral salt forms is 
desired to be compared, then the r.itio of excretion 
rates, F, 

F = (Eq 2) 

IS the r itio of amounts of drug from forms 1 and 2 m 
the blood Since the same drug is under consider.! 
tion, the constants A' and / are equal ind cancel when 
the ratio is taken (6) 

Application of Eq 1 in the manner just described 
IS also possible when the excretion of a metabolite is 
follow ed The quantiti A, of course, then refers to 
the ratio of the amounts of metabolite in circulation 


When the constants A and/ are known in Eq 1, 
then the actual amount in circulation may be calcu 
lated With information as to the distribution \ol 
ume of the drug, this information is reducible to con 
centration m the fluids of distribution The liraiti 
tion m this application lies in finding the excretion 
rate over relatively short periods of time This in 
formation is probably most easily obtained by graph 
ical determination of the slope of a plot of cumiihtn e 
amount of drug excreted with time The accuracj ol 
the values so obtained depend both on the careful 
ness with which the graphical constructions are per 
formed as well as the accuracy and precision of the 
assay conducted to determine urine concentration 
Equation 1 has been used as the basis for develop 
ment of an expression to calculate absorption rate m 
terms of amount per unit time (27) The expression 
had the following form 

Absorption Rate = ^ -f- (EQ 

The second derivativ'e term may be found graplii 
cally from a plot of excretion rate vs time The (Ic 
termination of A' and / and the limitations in appli 
cation of Eq 3 have been discussed (27) 

Additional theoretical considerations on interpre 
tation of excretion data have been discussed (0 
", 27) 

EXPERIMENTAL 

Conduction of Tests. — All absorption tests were 
conducted using adult humans iii apparent good 
health All drugs were ingested orally on fasting 
stomachs in the morning No food was taken b\ 
subjects until at least one and one-half hours after in 
gestion of drug Urine blanks were obtained iin 
mediatel} before drug ingestion Five to seven sub 
jects were used in tests depending on the drug under 
study, and their participation m a given test as well 
as their ages and weights are indicated on the tabu 
lated data which follow later in this report These 
data also indicate the urine sample collection times 
with the several drugs studied 

Preparation of Dosage Forms. — Aspirin 
lets of aspirin containing 325 ± 5 mg drug were 
prepared from a standard precompressed granulation 
of aspirin containing 10% starch ^ The test set ol 
tablets was compressed at 5,000 p s i These Uh 
lets were V? inch in diameter and made with stand 
ard cup punches in a Carver press modified for tan 
let compression Two tablets of the set constitute 
a dose in the absorption studies In addition, 050 i 
5 mg aspirin of U S P XV quality was used lU t a 
tests after dissolving this amount in about 2')9 m 
water After this dose in solution was adniuii'' 
tered, the container was rinsed at least once and t m 
rinsings also ingested 

Siilfaethylthtadiazole — Tins drug was 
from a sample of commercial punt}’ and 1,001 
25 mg constituted a dose The drug was mges e< 
after suspension in about 250 ml of water 

Benzyl Pemcilhn Salts —The potassium and J>r<> 
came salts of this drug were of a grade suiUb c o 
parenteral use 4 62 5 ± 2 .5 mg dose of the p ’ 


1 Exceptions exist in cases where there is a threshold Ie\el 
such as with glucose and in cases where the body le\el is at 
such a high value as to saturate function The Htter case 
KOUld ordinarily not occur irith the usual range of drug doses 


* XlercL and Co Inc Rahway J . , , r sIKira 

* Kindly supplied by Dr Stanton Hardy, I ederl e y 

tones Division American Cyanamid Co , Pearl 1 * 
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tassium salt and 100 ± 5 mg.-dose of the procaine 
salt were used in the absorption study. These were 
administered as thin, flat-faced pellets 0.95 cm. in 
diameter, contained in 000 hard gelatin capsules with 
about 50 mg, sodium bicarbonate in each end. Pel- 
lets were chosen as to weight so that one pellet con- 
stituted a dose. The pellets were prepared b 5 - a com- 
pression technique previously described (7). No 
binders, disintegrating agents, diluents, or lubricants 
were incorporated before compression. The pellets 
were hard and homogenous and resisted disintegra- 
tion in water for several hours (the procaine salt— - 
the potassium salt dissolved rapidly from its ex- 
posed faces). The administration of benzyl peni- 
cillin in the form described insured that tests were 
conducted under conditions of essentially equal and 
constant surface. 

Analytical Methods.— Aspirin was determined as 
salicylic and salicyluric acids colorimetrically using 
a ferric nitrate reagent (28). Benzyl penicillin was 
determined by cjdinder-plate assay, using Staph, 
aureus 209 P as the test organism (29).^ Sulfa- 
cthylthiadazole was determined colorimetrically by 
the Bratton and Marshall method. All absorbance 
determinations were made with a Bausch and Lomb 
Spectronic 20 colorimeter. Blank urine samples 
were assayed and appropriate corrections made when 
necessary. 

RESULTS AND DISCUSSIONS 

Aspirin Absorption in Solution and Tablets. — 
E.xcrction data from aspirin ingestion in tablets and 
in solution are shown in Tables la and Ib. The na- 
ture of the cumulative amounts e.xcretcd vs. time 
curves is shown on Fig. 1. -Ml data were in terms of 
apparent amount of salicylate excreted since the as- 
say method determines both unchanged salicjdic and 
salicyluric acids (30). Since there was no reason to 
believe that the excretion ratio of these two sub- 
stances changed in a given subject from test to test 


$ 



TIME IN HOURS 

I'ig. 1. — Mean cmnulative amounts of apparent 
silicylate excreted to various times after ingestion 
of 0.05 Gm. aspirin in solution and in rapidly dis- 
integrating tablets. Solid points, drug in solution; 
open points, dnig in tablets 

‘ Tlir oso'.tancc of Mrs Yoke Yiuimh.-i is cmltfuIU- ac- 
knoHlcUccd 


the comparison of amounts of apparent salicylate ex- 
creted in the two cases was a valid basis for compari- 
son of aspirin absorption from the two dosage forms. 
-Aspirin anion is very rapidly hydrolyzed to salicyl- 
ate anion in the plasma (31), so this occurrence did 
not affect the comparison of absorption from the two 
dosage forms. 

It has been calculated that the time needed to ef- 
fect solution of aspirin at absorption sites in the gas- 
trointestinal tract should rate limit absorption of 
this drug (32), The theoretical calculation was 
based on the area of absorbing surface expected to 
be available in the gastrointestinal tract, diffusion co- 
efficient of aspirin, and other pertinent quantities in- 
volved (32). In the present work, the mxximum 
mean excretion rates of salicylate were greater from 
aspirin in solution (Table Ic) than they were from as- 
pirin in rapidly disintegrating tablets at comparable 
times. As a consequence of Eq. 1, the salicylate 
level in blood was greater from the solution dosage 
also. The present work, then supports the theo- 
retical calculation. Data in the literature on salicy- 
late levels in blood from dosage in solution and in 
tablets give additional support to the theoretical 
calculation (33). With regard to the data of Table 
I, the t-test sliowcd that the difference in amounts 
excreted in the two dosage forms was significant at 
four hours at the 99% confidence level. 

The rate-limiting nature of the in vivo solution step 
should be considered in anj' assessment of drug ab- 
sorption when the change in experiment is concerned 
with change in dosage form or salt form of a par- 
ticular drug (34, 35). Recognition of the importance 
of this factor should in some instances eliminate the 
necessity for experiment, or at least allow its conduc- 
tion with an awareness of the possible effect of an im- 
portant variable 

Benzyl Penicillin Absorption from the Potassium 
and Procaine Salts. — Excretion data from tests 
with these salts are listed in Tables Ila and lib. 
The mean cumulative excretion cun’cs are shown on 
Fig. 3. The differences shouai were expected since 
the method of dosage form preparation insured that 
the rate limiting factor in absorption would be the 
intrinsic solution rate properties of each salt. These 
results were completely in accord with results ob- 
tained from blood level studies (42) but interpreta- 
tion of the prc.scnt results were less ambiguous, since 



TIME IN HOURS 

Fig 2 —Mean cumulative amounts of benzyl 
penicillin excreted to various times after ingestion 
of l(K),0()0-unit doses of the potassium and procaine 
stilts in the fonn of limited and constant surface 
area pellets. Solid points, potassium salt; open 
points, proctiine salt. 
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Table la. — C umulative mg. Salicylate and ml. Urine Excreted to ^'ARI0us Times in Hours Follow- 
ing Ingestion of 0.65 Gm. Aspirin in Solution'' 


Subject^ 

1.0 

Excreted 

2 0 

. mg.— 

3.0 

-I.O 

1.0 

2.0 

Urine, ml. 

3.0 

I. o'" 

O (28-68) 

25.5 

85 0 

139 0 

189.0 

40 

360 

550 

599 

M (28-68) 

27.5 

81.0 

149.0 

213.0 

300 

650 

960 

1,0G0 

N (21-77) 

29,6 

88.8 

147.0 

216 0 

150 

480 

770 

900 

X (22 581 

20.6 

65.0 

111.9 

223 5 

310 

490 

6.50 

,s;iii 

P (26-75) 

45 6 

123 4 

189 6 

251 2 

120 

220 

270 

3111 

Mean 

29.8 

88.6 

147.3 

218.4 

184 

440 

640 

73S 


Apparent salicylate — see text. ^ Bracketed quantities are subject’s age in years followed by his weight in kilograms. 


Table lb. — C umulative mg. Salicylate and ml. Urine Excreted to A’arious Times in Hours Follow- 
ing Ingestion of 0.65 Gm. Aspirin in Tablets"’^ 


Subject 

1,0 

Excreted, 

2 0 

mg 

3.0 

4 0 

1 0 

Urin 

2 0 

e, ml. 

3.0 

4.0 

o 

21.8 

69 5 

128 5 

182.0 

8!) 

440 

510 

.500 

M 

0 6 

60.1 

118 7 

167.1 

40 

190 

330 

390 

N 

18 4 

59,2 

107.6 

166.9 

220 

340 

380 

060 

X 

21,0 

82.5 

144.5 

196.5 

180 

380 

540 

700 

P 

19.2 

72.5 

130.0 

176.5 

70 

no 

150 

190 

Mean 

12,4 

68.8 

125.9 

177.8 

118 

292 

582 

500 


“ Apparent salicylate — see text. 6 Mean disintegration of eight by U, S. P. XV method equal to four seconds. 


Table Ic. — Excretion Rates of Apparent Sali- 
cylate AFTER Ingestion of 0.65 Gm. Aspirin in 
Solution and in Rapidly Disintegrating Tab- 

LETS'*-*’ 



Excretion Rate, me /hr. 

Time, hr. 

Solution 

Tablets 

0 5 

30 

10 

1.0 

45 

35 

1.5 

58 

42 

2.0 

75 

65 

2 5 

70 

57 

3.0 

62 

SO 

3 5 

57 

45 


° Computed from data on Fig. 1 by graphical determina- 
tion of slopes at indicated times. 

Values shown determined over half-hour intervals having 
indicated times at their midpoint. 

it could be argued that the effects observed in the 
cited work might be due to differences in drug release 
properties of the dosage form. 

It has been shown previously that the salts of the 
same acid may dissolve at widely different rates 
(34-36). The rapid i7i vivo solution rate of the po- 
tassium salt of benzyl penicillin was due to the prop- 
erties of the diffusion layer that surrounds this ma- 
terial (or other potassium or sodium salts of weak 
acids) as it dissolved. The Noj^s-Whitney solu- 
tion rate law states that 

^ = KSiC, - C) (Eq. 4) 

where da/dt is the solution rate, K a constant, X the 
surface area, C, the concentration of a saturated solu- 
tion of the dissolving species, and C the concentra- 
tion in the dissolution medium at any time. If in 
vivo solution took place in the stomach wlien the pel- 
lets of potassium benzyl penicillin were ingested, 
then Eq. 4 could be uTitten to describe dissolution 
therein by substituting for C, as 

~ = A'5(a(l -b Ka/[n*U) - C) (Eq. 5) 

at 

where C. is the solubility of the undissociated acid 
(37), Kc the acid’s dissociation constant, and [H+Ja 


the hydrogen ion concentration of the diffusion la.ver. 
This latter quantity would be the hydrogen ion con- 
centration of a saturated solution of potassium 
benzyl penicillin in gastric fluid which would be es- 
sentially that of a saturated solution of this salt in 
water, since preparation of the saturated solution 
would necessitate adding the salt without limit to 
either fluid and in the case of gastric fluid, its acid 
content would be neutralized. In acidic gastric 
fluid, C would be essentially equal to Cc and Eq. 5 
reduces to 

^ = KSa Kc/lH+]d (Eq'C) 

dl 

Equation 6 should also hold in more alkaline re- 
gions of the gastrointestinal tract since absorption 
constantly decreases drug titer in the fluids there and 
this process should allow equation of C to C„. 

Equation 6 should also be applicable to descrip- 
tion of the in vivo dissolution of the piocoine salt of 
benzyl penicillin in gastric fluid. However, in the 
case of this salt the diffusion layer pH would be much 
nearer that of the medium, since it would be rep- 
resented by a saturated solution of procaine hcnz.'l 
penicillin in gastric fluid. At equilibrium this wniitd 
be the hydrogen ion concentration of a saturated solu- 
tion of procaine hydrochloride, benzyl penicillin 
acid, and some anion. It seems reasonable to e.vpcct 
that the hydrogen ion concentration in the diffusion 
layer in the two cases would differ by at least on^ 
hundred-fold, lienee the in vivo solution rates slmind 
differ by the same factor. This difference must be 
the explanation for the difference in absorption, as 
reflected in excretion rates observed soon after in- 
gestion of drugs (Table lie). The degree of differ- 
ence in excretion rates would no doubt he niiicli 
greater if benzyl penicillin were stable in acid me- 
dium. Tlie pellets of its potassium salt could he c-t- 
pected to have dissolved completely in the stoinac i 
and this was probably not the case with the procaine 
salt because of its slower solution rate. Siihstaiitia 
amounts of penicillin from the potassium .salt won < 
be degraded since the half-life of benzyl penicilfm a 
pH 2 and 37° is of the order of ten minutes (38). 
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Table I la — Cumulative U'jits Benzyl Penicillin and iiL. Urine Excreted to Various Times in 
Hours After Ingestion of 100.000 Units of Potassium Salt“ 


Subject^ 

0 5 

1 5 

-Units Excreted 
2 3 

3 5 

5 0 

o”5 

1 5 

-Unne ml - 
2 5 

3 5 

5 0 

M (28 63) 

0 

8,600 

20,800 

24,300 

26,3'in 

20 

160 

450 

640 

910 

E (39 77) 
S(33 57) 

P (2h 75) 

3,100 

10,100 

13,200 

13,700 

14,000 

60 

110 

ISO 

250 

420 

2,700 

f. 700 

9,000 

9,700 

10,200 

40 

70 

170 

300 

420 

901) 

8,200 

10,200 

10,800 

11, {>')() 

40 

120 

240 

310 

.140 

1(33 61) 

7«0 

8.700 

18,900 

22.400 

23.600 

30 

80 

120 

150 

2.30 

Mean 

1,480 

8,401) 

14,420 

16,180 

17,140 

38 

IDS 

232 

330 

4h4 


“ Dose contained in a single oellet 0 Oo cm in diameter — see text 
fc Shown to the nearest 100 units 

« Bracketed quantities are subject s age m >ears (oUowed by bis weight m Miogratns 


Table lib — C umulative Units Bcnz\'l Penicillin and ml Urine E\creted to Various Times in 
Hours after Ingestion of 100,000 Units of Procaine Salt“ ^ 








- 




Subject 

0 s 

1 6 

2 5 3 5 

5 0 

' 0 5 

1 5 

2 5 

3 5 

5 0 

M 

0 

2,400 

7,900 

10,100 

14.800 

20 

80 

150 

250 

430 

E 

0 

1 300 

2,900 

3,200 

3,400 

30 

340 

550 

620 

690 

S 

0 

1,600 

4,400 

8,200 

10,900 

10 

60 

230 

520 

810 

P 

0 

1,600 

2,700 

3,400 


20 

100 

180 

210 


I 

0 

2,900 

21,200 

23,200 

24,500 

20 

110 

270 

310 

410 

Mean 

0 

1,900 

7,820 

9,600 

13,400 

20 

138 

276 

382 

585 


“ Dose contained in a single pellet 0 95 cm in diameter— see text 1» Shown to the nearest 100 units 


Table lie — Excretion Rates of Benzyl Peni- 
cii LIN after Ingestion of 100,000 Units of the 
Potassium and Procaine Salts in the Form of 
Limited and Constant Surface Area Pellets" 



Excretion Rate, Units/hr 

Time, br 

Potassium sa\t 

Procaine S'lU 

0 5 

4,000 

400 

1 0 

6,800 

1,600 

1 5 

8,800 

3,600 

2 f) 

6,000 

6,400 

2 5 

3,000 

4,600 

4 0 

800 

1,200 


** Mean rates computed from cun es on Fig 2 bj graphical 
determination of slopes at indicated times 


Differences m absorption rate have been noted 
iiuiiv times niicn blood let els from administration 
of slightly soluble ucak acids as the acid or sbghth 
soluble salt have been compared to the blood Ictcls 
obtained from the adimmstratioii of the same acid as 
the potassium or sodium salt The results obtained 
in the present iiork iiitli bciizi! penicillin are in ac- 
cord Kith other studies using the same compiutids 

(42) Higher blood lc\cls were obtained from ad- 
mmistration of the sodium and potassium s.ilts of 
p ira-ammos.ilic\ he acid as compared to the free acid 

(43) , from the sodium salts of sulfapi ridiiic and siil- 
fatliiazole as compared to their respective free acids 

(44) , from the sodium salt of novobiocin as compared 
to the free acid (45), from the pot.issuim salt of phe- 
now mctb\ 1 pemciiliii as compared to the free acid 
(4G). iiui It has also been obscrted that liippuric acid 
was cNcrctcd at a more rapid rate when sodium ben- 
7ouc w.as ingested as compircd to the eacretioii rate 
when benzoic acid was ingested (47) These obser- 
vations along with the present work validate the tii 
I'll 0 solution rate explanation Otiicr considerations 
on tins topic were discussed (35) 

The compirativ c alisorjitioii kinetics m the case of 
the salts of bcnzvl penicillin are casih interpreted 
with the aid of Eq 2 from d ita m Table He The 
werage Wixul level ratios, potassium t» procaine 
s,ih, at V anoiis times arc listed below • 


Time, lir 

R 

0 5 

10 0 

1 0 

4 2 

1 5 

2 4 

2 0 

0 93 

2 5 

0 78 

4 0 

0 67 


The literature (39) on penicillin distribution and 
excretion in a normal human contains information 
that allows calculation ol the constants Jx and / in 
Eq 1 The half-life of benzj 1 penicillin in circula- 
tion \v as about 0 46 hours vv Inch allow s assignment of 
1 5 hours"' as the value of the constant K Further, 
It appeared that about 80% of injected pemciUin 
was excreted as unchanged material, allowing the as- 
signment of 0 8 for the value of f These x'alues al- 
low writing Eq 1 a.sda,/dt = l2Ai Since the max- 
imum excretion rate from the potassium salt was 
8,800 units/liour, the maximum amount of penicillin 
m circulation was about 7,300 units The pemciJIm 
data (39) mav be interpreted m terms of a relation- 
ship derived previouslv (15) to determine a penicillin 
volinne of distribution of about 19 L In the pres- 
ent case, then, the maximum concentration from the 
potassium salt was about 0 38 units/ml Tins value 
was about one-half of the reported maximum blood 
levels after 200,000-unit ora! doses of potassium 
benzv! pemcillm m capsules m humans (40) The 
bases for these calculations were from limited data 
and were onfj mefuded to illustrate full application 
ofEq 1 

Absorption Rate of Sulfaethylthiadiazole.— The 
labnlated data of Table III show the amounts of 
tins drug excreted to vanous times These data 
were used to calculate its absorption rate bv Eq 3 
since data were available m the literature to calcu- 
late absorption rate for this drug from blood level 
measurements (41) An agreement between calcu- 
lated values would tend to show the essential sound- 
ness of the excretion rate approach to studj drug 
absorption 

The means of tlie cumidatixc amounts excreted 
data shown m Table HI arc plotted against time on 
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Table III — Cumulative mg Sulpaethylthiadiazole and ml Urine Excreted to I’arious Times i\ 
Hours after Ingestion of 1 0 Gm Drug in Suspension" 


Subject** 

0 

5 

1 5 

■ Drug, mg 

2 5 3 5 

6 0 

8 o' 

0 5 

1 5 

Unne, ml - 

2 5 3 5 

G 0 

8 o' 

O (28-68) 

5 

4 

58 0 

141 0 

246 3 

453 3 

565 

60 

470 

530 

580 

730 

.SIO 

M (28-63) 

5 8 

69 5 

144 5 

269 0 

428 0 


80 

570 

730 

840 

900 


P (26-75) 

0 


88 4 

181 9 

275 3 

353 8 

405 5 

20 

120 

300 

400 

510 

5G0 

E (39-77) 

14 

8 

101 8 

229 6 

307 8 

465 0 

550 5 

190 

790 

970 

1,060 

1,240 

1,390 

S (.33-57) 

14 

5 

123 2 

232 4 

308 4 

414 0 

495 2 

60 

430 

690 

790 

900 

1,04(1 

X (21-77) 

2 

0 

50 1 

106 8 

166 3 

250 3 

305 7 

80 

500 

570 

650 

770 

9111 

I (33-61) 

42 

5 

196 9 

277 2 

363 1 

442 3 

589 1 

40 

170 

270 

340 

410 

.ITl) 

Mean 

12 

1 

98 3 

187 6 

276 6 

401 0 

485 2 

76 

436 

580 

6C(i 

780 

SSO 


" Values shoun are for free drug Only negligible amounts of acetylated drug were excreted to the longest time shoiin 
I' Bracketed quantities are subject’s age in years followed by his weight in kilograms 


Fig 3 Values for the excretion rate term of Eq 3 
were obtained from a similar plot only with an ex- 
panded scale for excretion betneen zero and three 
and one-half hours These values w'ere mean rates 
over twelve-minute intervals having the times listed 
in Table IV as their midpoints The rates obtained 
by this graphical determination are shown in the 
second column of Table IV The second derivative 
terms for Eq 3 were obtained b\ plotting these rates 
vs time and were taken over the same time interval 
The values obtained are listed in the third column 
of Table IV The value of the constant K in Eq 3 
was obtained from the mean half-lives for elimina- 
tion of sulfaethylthiadiazole by the subjects as de- 
termined by plotting their graphically determined 
individual excretion rates, at four and one-half, five 


Table I\' — Absorption Rate of Sulfaethyi - 
thiadiazole from Urinary Excretion data and 
Blood Level Data" 


Time, 

hr 

Excre- 
tion 
rate, 
mg /hr 

Derivative 

of 

Excretion 
Rate, 
mg /hr * 

Absorption 

Rate 

from 

Excretion 
Data 
mg /hr 

Absorption 
Rate 
from 
Blood 
Data b 
mg /hr 

0 25 

20 

107 

1,200 

500 

0 50 

50 

105 

1 ,210 

1,230 

0 75 

72 

83 

1,000 

1,170 

1 00 

87 

55 

700 

830 

1 25 

100 

35 

490 

250 

1 50 

112 

0 

120 

90 


° Den\ed data needed to calculate absorption rate from 
urinary excretion data are also shown The calculation in 
the fourth column >Nas made by Fq 1 
Nearest 10 mg /hr 



Fig 3 — Mean cumulative excretion curve for 
sulfaethvlthiadiazole after ingestion of 1 0-Gm 
doses by seven subj'ects Drug taken in suspension 


and one-half, six and one-half, and seven and one 
half hours after drug ingestion, as a function of time 
on semilogarithmic paper ‘ The half-lives so ob 
tained are listed in Table V The value of the con- 
stant K obtained bv use of the mean half-life was 
0 091 hours"'. The only other quantity needed to 
calculate absorption rate was the value of / wliicli 
w’as taken at 0 92 since this value appears in tlic 
literature as the fraction of this drug in circulation 
that IS excreted as unchanged material (41) The 
calculated absorption rate in mg /hour at v.arions 
times is show n in column 4 of Table IV 


Table V — Half-Lives for Elimination of Shi 
faethvlthiadiazole by Test Subjects" 


Subject 

Half Life, Hours 

0 

9 7 

p 

3 1 

E 

!) 1 

S 

7 S 

N 

5 4 

I 

10 8 

Mean 

7 6 


" See text for method of determination 


A method of calculating absorption rate based on 
blood level measurement at short-time intervals fol- 
lowing drug ingestion (17) was applied to data in the 
literature obtained following the same dose of sul 
faethylthiadiazole (41), The blood level data on 
eight normal human subjects were averaged and the 
absorption rate calculated at the same times with 
rates determined over the same time intervals as in 
the calculation based on Eq 3 The values so cal- 
culated are shown in column 5 of Table IV ‘ fhc 
agreement in calculated rates was surprisingly good 
A different particle size distribution may liaie ex- 
isted in the two sets of dosage forms, but the siilfa- 
ethylthiadiazole was from the same maniif.iclnrcr 
The conditions of administration differed to the ex- 
tent that, while subjects in both groups took t n 
drug on fasting stomachs, tlie drug was iiigestid in 
suspensions for urinary excretion iiic.isurcintnts ain 
III capsules for blood level measurements, t 'e 
low'er value in absorption rate calculated at fifteen 
minutes (Table IV) from capsule dosage may reasoii- 


» Excretion rates at earlier times were not used m 'j) 11 

' avoid introduction of error due to continued fi-. i.. 
nail amounts of drujf and/or nonequilibnum ecioai 
reen blood and other distribution Am/*'* ^ ^ 

• The data used were from Table I of (-1 1 ) for 1 0 Gm il"«_, 
ther constants used in this calculation which ''' |J qqo ml 
ith information m the cited paper were » b ^ ^ fyj) 
ased OB mean body weight of subjects) and 
lurs"^ The quantities, Vb and kb, are in the t 
(41) 
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ably be attributed to a five to ten-minute delay in the 
capsules' contents reaching the same state of dis- 
persion tn VIVO obtamed when the drug was taken in 
suspension 

"The area under an absorption rate vs time curve 
plotted from data obtamed by Eq 3 gave an ap- 
parent amount of drug absorbed equal to 1 17 Cm 

SUMMARY 

The theoretical bases for application of urinary 
excretion data to evaluation of drug absorption 
were reviewed and the concepts applied to study 
(a) the absorption of O.fio-Gm doses of aspirin in 
solution and in rapidly disintegrating tablets, (6) 
the absorption of 100,000 units of benzyl penicillin 
from the potassium and procaine salts given in 
thin pellets of limited surface area wherein in vivo 
solution rate, rate-limited absorption, and (c) the 
absorption rate of sulfaethyltliiadiazole following 
1 0-Gm doses All studies were conducted in 
normal humans after oral ingestion of drugs The 
absorption of aspirin appeared to be rate limited 
bv the time necessary for this drug to dissolve 
after ingestion and this finding was in accord with 
theoretical calculations previously made which 
indicated that tins process should be rate limiting 
in absorption The absorption of benzyl peni- 
cillin was found to be rate limited by the intrinsic 
solution rale properties of the potassium and pro- 
caine salts used. The in vivo solution rates of 
these two salts were considered on a physical 
chemical basis and an expression derived to relate 
rate to diffusion layer pH From excretion stud- 
ies with sulfaethyltliiadiazole it was calculated 
that this drug was absorbed fifteen to thirty min- 
utes after ingestion, at a rate of about 1 ,200 mg / 
hour This value was in excellent agreement with 
absorption rate calculated from blood level data 
appearing in the literature 
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The Effect of Gibberellic Acid on the Second- Year 
Growth and Alkaloid Formation in 
Atropa belladonna Linne* 

By LEO A. SCIUCHETTI 

Atropa belladonna treated in 1957 with gibberellic acid in concentrations of 100 and 
1,000 p. p. m. was allowed to overwinter. The second-year crop of the treated plants 
generally did not demonstrate the “gibberellin effects” noted in the first-year growth 
following treatment. In some instances reverse effects were noted. The plants pre- 
viously treated with 100 p. p. m. of gibberellic acid generally closely resembled the 
controls in their growth and alkaloid patterns. However, belladonna treated the 
previous year with 1,000 p. p. m. of gibberellic acid was profoundly affected. This 
treatment induced about a 50 per cent decrease in total dry weight and approxi- 
mately a 15 per cent decrease in height. The concentration of alkaloids in the 
leaves and roots was not markedly altered, whereas that in the stems was increased 
about 44 per cent. The total alkaloid content of this group was about 56 per cent 

that of the controls. 


Tn a previous publication (1) it was demon- 
strated that the growth and alkaloid content 
of Atropa belladonna were adversely affected by 
treatment with gibberellic acid (G. A.). This 
study was a continuation of that research in that 
the remaining plants (treated and untreated) 
were allowed to overwinter. The objective of this 
research was to observe whether the characteristic 
“gibberellin effects” would again be manifested 
in the second-year growth. 

EXPERIMENTAL 

Procedure. — Fifty-four belladonna plants re- 
maining from the previous study (1) were allowed 
to overwinter in the drug garden. The plants were 
divided into three groups of IS plants each. The 
first group constituted the control or untreated 
plants; the second were those subjected in 1957 to 
a three-spray treatment with 100 p. p. m. of G. A.; 
and the third were those similarly treated with 1,000 
p. p. m. of G. A. The first-year growth continued 
until mid-December, 1957, when a killing frost 
occurred. Several weeks of freezing temperatures 
were followed by about a month of warm moist 
weather. Due to the mild winter new shoots ap- 
peared during the second week in February, 1958. 
Height measurements were started about two 
months later. On June 3, 1958, ten plants were 
picked at random from each group and the shoots 
were harvested. .4t this time the plants were at the 
flowering stage. This constituted the first crop. 

Following the first harvest the plants were fer- 
tilized by the application of a complete organic 
fertilizer' to the plot containing the plants. Height 
measurements for the second crop were commenced 
on June 23. The plants were harvested on Septem- 
ber 9. .4t this time the plants were in the flowering 
and fruiting stage, i. e., many of the plants had green 
berries. 


* Received April 30. 1959, from the Oregon State College, 
School of Pharmacy, Corvallis. 

This study was supported, in part, by funds from General 
Research of the Graduate School ot Oregon State College. 

I Organic Morcrop, Chas. Lilly Co.. Seattle. Wash. fAnal- 
ysis— .jC'% of total nitrogen, available phosphate. 2% 

available potash.) 


The first crop, consisting of the shoots, was 
harvested and divided into two portions — leaves 
(with flowering tops) and stems. Fresh ivcig/its 
were immediateb'^ taken of each portion and tlie 
fresh material was promptly transferred to a hot-air 
circulating drier. The plant parts were dried at a 
temperature of 48.5° for forty hours. Upon removal 
from the drier the plant parts were placed in .i 
desiccator, allowed to attain room temperature, 
and then weighed. The portions were stored in air- 
tight metal containers until subsequent pulveriza- 
tion into a No, 40 powder in a Wiley mill. The 
powdered material was then stored in air-tight col- 
ored-glass containers until subsequent analyses foral- 
kaloids were performed. For the second crop, an 
additional (third) portion which consisted ot the 
roots was harvested. Otherwise, the harvesting 
procedure was identical with that for the first crop. 

Growth Observations. — New shoots mainly in the 
control group were first observed during the second 
week ot February, 1958. All of the control plants 
survived the winter. One plant from the group 
treated with 100 p. p. m. of G. A. and two from the 
group treated with 1,000 p, p. m. of G. A. did not 
overwinter. In general, the untreated plants and 
those previously treated with 100 p. p. m. of G. 5. 
closely resembled each other in growth charac- 
teristics during the growing season. However, those 
previously treated with 1,000 p. p. m. of G. A. did 
not commence to form shoots from the first-year rwt 
stocks until about two weeks after the controls^ 
Growth in this group was slower and the onset oi 
flowering was later. Also, the type of growth was 
somewhat different in that the plants were spind') 
and vine-like and the leaves were narrower and thin- 


On April 16, 1958, height measurements were 
taken of all the plants. These measurements were 
taken weekly thereafter at approximately the same 
time of the day. For each crop, the control plants 
and those treated with 100 p. p. m. of G. A. gren to 
appro,ximately the same height (Fig. I). However, 
the first crop of the group treated with 1,000 p. P- 
of G. A. attained a height of about 01 % of the con^ 
trols at the start of measurements and about 8'5 n ” 
the controls when harvested. The secrind ‘"’“I’ 
this group attained about the same height as '' 
controls at the start of measurements on June -* , " 
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t were about 85% as tall as the controls when har- 
vested (Fig 1) 

Correlation With Fresh and Dry Weight Data. — 
The treated plants displayed decreased dry weights 
in their second-year growth (Table I) The plants 
prev'iously treated with 100 p p m of G A dis- 
played slight decreases of about 8 to 10% in the dry 
weights of their organs. This consistency was noted 
f >r both crops Significant decreases, however, were 
observed in the plants previouslj- treated with 1,000 
p p m of G A Their total dry weight was about 
one-half that of the controls The decreases were 
considerably greater for the plants of the second 
crop Also, the roots displayed the largest decrease 
among the organs of this group (Table I) 

Analysis for Alkaloids. — The dried plant parts, 
using pooled samples, were assayed for total alka- 
loids (expressed as hvoscvamine) according to the 
Witt-Youngken method (2), substituting chloro- 



TIME IN WEEKS (AFTER START OF MEASUREMENTS) 
Fig 1 — lncre.isc in height of Atropa belladonna 


form for benzene as the immiscible solvent The 
concentration of alkaloids in the various plant or- 
gans of the group treated with 100 p p m of G -A 
differed slightly from that of the controls (Table II ) 
This was also true for the leaves and tops and the 
roots of those treated with 1,000 p p ni of G 
However, significant increases were found in the 
stems of this group. Compared with controls, the 
increases were about 28% and 54% for the first and 
second crops, respectively. The increase for the tvi- 
tal crop of stems w as about 44% 

It was further desired to make comparisons based 
on the total alkaloid content per plant and per plant 
organ The total alkaloid content was obtained by 
multipKing the dry weight of the plant organ b\ the 
per cent of alkaloids obtained from the alk.iloid 
analyses and e,\pressing the results in mg (Table II ) 
-All of the plants treated with 100 p p m of G .A 
contained less total alkaloids than the controls 
The decreased alkaloid content of this group was not 
considered significant Significant decreases, how- 
ever, w ere found in the plants treated with the higher 
concentration of gibberellic acid In general, the to- 
tal alkaloid content of this group was about one-half 
that of the controls The roots displayed the great- 
est decrease among the plant organs, eta , 67% less 
than the controls 

DISCUSSION 

Characteristic “gibberellin-effccts" were demon- 
strated in belladonna subjected in 1957 to three- 
spray treatments of G. A. in concentrations of 100 
and 1,000 p p. m. (1) Among the specific clTects 
reported for the treated plants were: increased stem 
elongation which resulted in a two- to three-fold in- 
crease in height; a spindly and vine-like type of 
growth; leaves which were slightly chlorotic, nar- 
rower, and thinner; more rapid onset of flowering, 
significant decreases in leaves and tops and root dry 
weights accompanied by significant increases in stem 
weights; no significant changes in total dry weights 
Also, significant decreases in the concentration of al- 
kaloids were noted in the plant organs The total 
alkaloid content of the treated plants amounted to 
about one-half that of the controls 

Belladonna receiving a treatment with 100 p p m 
of G. A, in 1957 generally did not demonstrate the 
aforementioned “gibbercllin-effects” in their second- 
year growth in 1958. In several instances the rc- 
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Table II — Analysis of Alkaloids® in Belladonna 


/ Tot'll Alkaloids ntg /Gm — < Total Alkaloid Content ^ 

Lea^ es Leaves 

Treatment and Tops Stems Roots Per Plant and Tops Stems Roots 

Control 

First crop 3 44 3 80 120 5 57 8 62 7 

Second crop 4 20 1 98 3 4 7 355 8 165 5 4 7 3 143 0 

Total crop 3 97' 2 72' 3 47 476 3 223 2 110 0 143 0 

100 p p m G A 

First crop 3 50 3 59 109 0 54 3 54 7 

Second crop 4 22 2 13 3 33 324 0 152 3 45 8 125 9 

Total crop 4 00' 2 74' 3 33 433 0 206 6 100 5 125 9 

1,000 p p m G A 

First crop 3 53 4 87 86 0 39 2 46 8 

Second crop 4 19 3 0 5 3 54 179 7 85 1 32 6 62 0 

Total crop 3 96' 3 91' 3 54 265 7 124 3 79 4 62 (I 

Total alkaloids calculated as hjoscyamine t Alkaloid content for plant parts calculated from dry at mil alkaloid 
analyses data total plant alkaloid = leases and tops + stems + roots ' Obtained by calculation 


\crst efftet was tiotcd Compared with eoiitrols, 
the treated plants were shorter, had decreased r ither 
than increased stem weights the onset of flowering 
was slower, and the concentration of alt-aloids in the 
plant parts and the ttital alkah id content did not 
thangc significanth In general this group of plints 
tloscK resembled the controls 

\ few significant differences were noted, howeeer, 
111 the group prevlousK treated w itU the higher con 
ccntration (1,000 ppm) of G \ In addition to 
the .iforenientioncd reversals, significant decreases m 
total drt weight and in the weights of the plant or 
gans were noted The total dry weight of the 
second } ear crop of this group w as about 50% of that 
of the controls 4t each harvest the treated plants 
attained a height of about 85% of that of the controls 
The concentration of alkaloids in the leaves and roots 
w as about the same as the controls However the 
quantitj of total alkaloids in the stems of the second 
tear crop was about 44% greater than that of the 
controls This effect was the rcterse of that ob 
served in the first v ear crop, since in that case, a 57% 
decrease was observed It should be pointed out 
that following treatment in 1957 the increased stem 
elongation resulted in significant increases m plant 
height and stem drv weights The second vear 
growth demonstrated the reverse trend — ^shorlcr 
plants and significantly decreased stem weights It 
IS possible that in this case there was less stem are i 
to dilute a fixed amount of alkaloid biosy nthesized by 
the roots , or, since the active grow th show n by the 
stem tissues in 1957 did not occur in the second vear 
crop, there was not a diversion of nitrogenous im 
tcrial which might be used for stem elongation and 
growth, but, rather was used for alkaloid biosvnthe 
SIS It w as also observ ed during both harv csts of the 
1958 crop that the stems of tins group were less 
woodv and the plants had matured more slowly than 
those of the other groups The abov c factors might 
possiblv explain the increased concentr ition of alk i 
loids in the stems 

The most striking change in the second vear crop 
was that the plants previousb treated with the 
higher concentration of G A had a total alkaloid 
content about one-half that of the controls This 
was due primarilv to approximately a 50% decrease 
111 drv weight of this group It is true th it the first 
V ear crop of this group demonstrated a similar trend 
but the 50% decrease in total alkaloid content, in 


this Case, was due prmiarilv to deereases in the leii 
eeiitratioii of ilkaloids m the plant orgiiis It 
also appeared that the treatment with the stniiigir 
eoiiccntration of G 1 w is toxic This is attested I'l 
bv the f ict that the second ve ir growth w is sigiiih 
caiitlv less thin that for the untreitcd pliiits iiid 
th it two of the eighteen plants did not survive the 
winter where is all of the eontrols did fliest fa 
t irs and the observation that the plants of this gr(iii|i 
did not appear as healthy as the controls during tin 
growing season indicate that the higher concciitratiim 
of G A had a toxic effect on the plants Tins con 
firms the observation previously reported ( 1 ) 

Some very interesting observations were in icic in 
comparing the second crop obtained m 1958 with the 
first crop harvested m the same vear The weights 
of the shoots of the second crop were about twice as 
large as the corresponding weights of the first crop 
This increase was due to several factors a more fa 
vorable growing season (summer and earlv fall), fer 
tilization of the plot after the first harvest, and the 
fact that the plants were allowed to grow to a later 
stage of maturity The concentration of alkaloids 
in the leaves and tops of the three groups was 'W 
nificantlv higher in the second crop This was iinev 
pccted since the first group was harvested it the (Ion 
cring stage whereas the second crop yvas harvested at 
the fruiting stage, i e , many of the plants h id green 
berries Several workers (3-6), have reported ' 
higher content of alkaloids at the flowering slage 
than at either an earlier or later stage of develop 
incut Evans and Partridge (6) have reported that 
the concentration of alkaloids is the higliest during 
flowering but declines during fruiting for both the 
first and second year growth of belhcloiina Our 
results are not m agreement with these reports 
Hovveyer, it is possible that collecting two Inrytsls 
from the second > car grow th may have been a factor 
The advanced maturity of the stems as indicated >' 
their woodv character expl mis the significant 
ere ise m the eoneentr.itioii of .ilkdoids in 111' suin'- 
of each group , 

When the total 1958 erop was compared with tin 
single 1957 crop the follow nigdifferenees were fouia 
a 28 fold inereasc m the total dry weights of tlie eon 

trol plants and those treated with 100 p p m <’ ' 

\ compired with a 14 fold increase in ‘*'1 

treated with the higher concentration of G / t a 

concentration of alk<iloids in the controls mere i 
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about 18% in the leaves and tops and decreased 36% 
in the stems and 20% in the roots; the correspond- 
ing figures for the plants previously treated witli 100 
p. p. m. of G. A. were approximately a 108% in- 
crease, a 22% increase, and a 7% decrease; those for 
the plants treated with 1,000 p. p. ra. of G. A. were 
increases of about 113%, 112%, and 7%, respec- 
tively. 
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The Infection of Rye Callus With Claviceps purpurea* 


By DAVID P. CAREW and ARTHUR E. SCHWARTINGf 


The methods and results of inoculating callus 
cultures of rye (Secale cereale) with ergot 
{Claviceps purpurea) are described. The 
fungus grows intercellularly and invades some 
cells, but does not produce alkaloids. 

'“T’lih, AKTiFiciAi, cui.TUKis of Cluviceps purpiirnt 
(Fries) Tulasnc for successful alkaloid pro- 
duction is a problem which has been widely in- 
vestigated. The majority of these investigations 
luivc been concerned with the growth of C. pur- 
purea tm synthetic media to obtain an under- 
standing of the factors concerned with alkaloid 
formation. 

Recently the present authors reported the suc- 
cessful production and maintenance of a callus 
culture of rye, Sccale cereale L, on artificial media 
(1). Since rye is a natural host for ergot, this 
tissue was used in tliis study to investigate certain 
aspects of the host-parasite relationship. 


consisting of casein hydrolvsate, 10,0; mannitol, 
20.0; KHjPOi, 2.5; and MgSO, . 7H;0, 1.25 Gm./L. 
distilled water. The inoculated liquid media was 
grown as a submerged culture for eight days to pro- 
vide inoculum for the callus growth. 

The inoculum, 0.4 ml., was delivered to the surface 
of the callus growth. Tlic tubes were plugged with 
Cotton, capped with aluminum foil, and inetdiateti in 
the dark, in a vertical position at 25°. 

Infected callus was removed from the tubes at var- 
ious intervals during forty days. In each case, the 
tissue was fixed in formalin-acetic acid-alcoliol, de- 
hydrated, and embedded in paraffin. The embedded 
tissue was sectioned with a rotarj- microtome and the 
sections stained in safranin-fast green. Infected tis- 
sue, of equivalent age, was dried, defatted, extracted 
in the usual manner, and qualitatively tested with 
Ehrlich’s reagent. After fort.v days a quantity of 
tissue, obtained by pooling the infected tissue of a 
number of tubes, was dried at 32° in a circulating-air 
oven. The product was extracted and assayed (2) 
for total alkaloids. 

EXPERIMENTAL RESULTS 


EXPERIMENTAL 


The host tissue consisted of a mass of callus cells 
which had originally been produced from fifteen to 
tweuty-dny-old embryos of rye {Sccalc cereal c) grow- 
ing oil Heller's modified media (1) solidified with 
1.0',, agar. The tissue eulturc.s had been main- 
lainrd and transplanted to fresh media at approxi- 
mately twenty-five day interval.s for more (liaii a 
year. 

The rye callus was transplanted to agar plugs in 25 
mm. X 150 mm. Pyrex culture tubes. A sterile, 
Pyrex glass cylinder, approximately 1.2.5 cm. long 
ami 15 mm. in diameter, was inserted into each tube, 
in a position surrounding the callus and was made to 
pciiclrate the agar surface. Growth continued for 
approximately fifteen days, until the lateral callus 
groivtli covered the agar surface within the cylinder. 
This design prevented the iiUKUlum. when intro- 
ibieed, from coining into direct contact with the agar. 

The inoculum was prepared as follows; mycelial 
growth of Claviceps purpurea strain RCXA2, ob- 
tained from mature rye scicrotia and maintained on 
nutrient agar, was used to inoculate a liquid medium 
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Microscopic examination of the inoculated callus 
revealed the early intracellular growth of ergot myce- 
lium. The penetration of occasional cells occurred 
within twenty-four to forty-eight hours. TIic arrow 
in Fig. 1 is directed to a penetrated cell wall. Ex- 
tensive iiitcrccllulnr growth was always observed and 
can be seen among the rye callus cells in the figure. 
The majority of iiucclial growth was superficial to 
the callus structure. 

Extracts of the infected callus, wlien tested quali- 
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I'ig. 1. — Rye callus infected with C. purpurea. 
Arrow indicates a single cell penetrated bv the 
fungus. 
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tatively with Ehrlich’s reagent, consistentl 5 ' gave 
negative tests for alkaloids. The larger quantitr- of 
tissue, 2.813 Gm., dry weight, contained no alkaloids 
upon quantitative assaj’. 

SUMMARY AND CONCLUSIONS 

A callus culture of rye readily supports the 
growth of ergot and there is definite cellular pen- 
etration by the fungus. While callus is a satis- 
factory host for the fungus, there is no evidence of 
alkaloid formation during prolonged host-parasite 
association. 


The earl}^ penetration and the intracellular in- 
vasion of rye callus obsert'ed here is analogous to 
the natural infection phenomenon (3, 4). The re- 
sults, however, are contrary, in part, to those (5) 
reported on the growth of ergot on intact and 
punctured wheat root and rye embryo cultures. 
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The Reduction of Hydrolysis Time and Tryptophan 
Destruction in the Preparation of 
Casein Hydrolysates* 


By VINCENT S. VENTURELLAf, ROBERT W. SAGER, and JOSEPH A. BIANCULLI 


A method was developed for hydrolyzing 
casein using a procedure which reduces the 
time requirements of enzymatic protein hy- 
drolysis and minimizes the tryptophan de- 
struction encountered in acid protein hydrol- 
ysis. Hydrolysates prepared by this method 
in twenty-four hours or less are comparable 
to enzymatic hydrolysates requiring one 
hundred hours. The method involves the 
treatment of partial enzymatic hydrolysates 
with diluted acids. 


' I 'he importance of protein hydrolysates in 
-*• the treatment of certain deficiency symptoms 
and related conditions is well known. Such 
conditions as impaired digestion or absorption, 
poor assimilation because of liver damage, 
febral states, leukemia, hemorrhage, severe 
operations, burns, fractures, or shock usually 
result in an increased loss of amino acids and 
proteins (1, 2). 

The parenteral administration of protein 
hydrolj^sates to maintain positive nitrogen bal- 
ance is indicated in patients who are debilitated 
or are allergic to the administration of whole 
protein. It is essential that these preparations 
meet the usual requirements for intravenous 
preparations, and they should not contain high 
molecular weight peptides (2). 

If a protein such as casein could be partially 
hydrolj'zed by enzymatic methods to a low 
molecular weight polypeptide stage, it would 
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seem possible that treatment with diluted acid 
should hydrolyze these polypeptide chains to even 
smaller peptides in a shorter period of time than 
would be needed by using enzymes alone. The 
amount of tryptophan destruction should also be 
less than that ordinarily observed with the use of 
strong acid alone. 


EXPERIMENTAL 

The moisture content of acid-washed casein,' de- 
termined in duplicate, was found to be 7.78%. 'll' 
analytical results are calculated on the basis of dry 
casein. 

Analytical Procedures . — Total NilroRcn . — Tlic 
total nitrogen present in the casein sample was de- 
termined using a modification of the seminiiero 
Kjefdahl method described in the United States 
Pharmacopeia (3). The method was modified b) 
using 0.5 Gm. each of copper sulfate and pol.assium 
sulfate, together with a Hengar selenized granule. 
The average total nitrogen content of the casein 
sample was 15.41%. 

Amino Nitrogen . — The amino nitrogen content of 
whole casein and of samples ot hj'drob'satcs was de- 
termined using a modification of tlic Sorcns'in 
lormol titration described by Saliyvin (4). .1 
operated pH meter, Beckman Model H, Xo. ISi 
was used to determine the necessary end points. 
Sodium hj-droxide solution, 0.2 N, was used as the 
base. The amount of amino nitrogen ivas calcnlatei 
using the following equation; (A — B) X 2.8 ing. 
= mg. of amino nitrogen, wlierc A = volume <> 
sodium h)-clroxide solution for sample, and B - 
volume of sodium hydroxide solution used lor t le 
blank. 

Using the average per cent total nitrogen pre.sen 
in the casein samples, the theoretical amount « 
amino nitrogen present at complete liydrolysis "us 

* Fisher Scientific Co., No. C-200. 
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calculated. This calculation was made from data 
obtained in an experiment in which 20 Gm. of casein 
was digested for twenty-six hours in refluxing 6 N 
sulfuric acid. A sample of casein so treated was 
found to contain 12.59% amino nitrogen. A com- 
parison of amino nitrogen and total nitrogen showed 
that the percentage ratio of amino nitrogen to total 
nitrogen was 81.7'% This is the percentage of total 
nitrogen present as amino nitrogen. 

The experimental conditions (5. 6), the results of 
this amino nitrogen analysis, and the nitrogen ratio 
obtained (7) were consistent with literature reports. 
Further evidence that the casein had been com- 
pletely hydrolyzed was obtained by digesting the 
casein under identical conditions for two more hours. 
The amino nitrogen content of the hydrolysate did 
not change. 

Calorimetric Determination of Tryptophan . — ^The 
amount of tryptophan present in the samples, pre- 
sumably in the free or simple peptide stage, was de- 
termined colorimetrically by an adaption of Wink- 
ler's modification of the Hopkins-Cole method (S). 
The glyoxylic acid employed in the color reagent was 
prepared by reduction of oxalic acid with magnesium 
(8). In each case throughout the study, a 0.3-ml. 
sample of the hydrolj-sis mixture was mixed with 1.5 
ml. of the col ir reagent. The volume of the mixture 
in each sample tube was adjusted to 9.5 ml. with de- 
ionized water prior to the addition of 15 ml. of sul- 
furic acid. The treated samples ivere placed in 2.S- 
cm. diameter cuvettes and the transmittance was 
determined with a Fisher electrophotometer, using a 
525 m;i filter. Deionized water was used as the 
blank. 

To ascertain the validity of the Lambert-Beer 
law in this determination, known concentrations of 
L-tryptophan solutions were determined colorimctri- 
cally. The results showed good conformity to the 
law by the production of a straight line plot when 
using concentration in pg. as ordinate and log 
//Jo as abscissa. Thus it was possible to calculate 
concentration of unknowns by means of the follow- 
ing cqiialion, wliich is a form of the Laiiibcrt-Bcer 
law (9): log J//o “ —a, be, where a, is the absorb- 
ance index, h is the diameter of the cuvette, and c is 
the concentration. The per cent transmission values 
of various concentralioiis of a scries of samples of v- 
Uyptophau appear in Table I. For the scries of 
known values plotted, a value of 5.57 X 19"'' pg."’ 
em.“' was calculated for the absorbance index. 


Tahle I. — Transmission or Light op the Colored 
Reactio.v Product of Crvstalli.ne l-Trvttophan 
AND Glvo.xylic Acid at 525 niji 


U'Tryptojihaw, 

Transmission, 

Vc 

///o 

28 8 

88. G 

-0.054 

67.5 

85.0 

-0.070 

115.0 

72.9 

-0.13S 

201.3 

53.5 

-0,272 

287,5 

40,7 

-0,390 

373. S 

31.5 

-0,503 


IDectrophorctie Tryptophan Determination . — The 
concentration of tryptophan was also detenntned for 
a nninber of the hydrolysates by the use of paper 
c!cctroi>horesis as a check on the colorimetric 
method. *1 his melhotl was ptissihlc because aii 
amino acid in solution at a.pH other than^aL.il£ 


isoelectric point will migrate under the influence of 
an electric force. Paper electrophoresis makes 
use of this propert}- (10, 11 ). 

Two series of experiments were performed using a 
Reco Model E-SOO-2 migration chamber and power 
supply. Tills instrument operates on the horizontal 
'‘open-strip” method (11). The position of the 
amino acid spot was determined by developing with 
0.1% ntnhydrin in 95% ethanol in the usual manner 
(12), The color density curves of the samples of 
crystalline L-tryptophan and tr\-ptopban isolated 
from the hydrolysate samples, according to the 
method of Cox and King (13), were determined 
using a Photovolt densitometer, model 425. To 
compare the amount of crystalline L-tryptophan 
against the amount of tryptophan isolated by this 
method, it was necessary to compare the area under 
the standard curve with the area under the curve ob- 
tained from the unknowns. This was accomplished 
by applying the trapezoidal rule ( 14) to a plot of the 
absorbance as abscissa against the migration dis- 
tance as ordinate. 

The hydrolysate samples were placed on Whatman 
No. 3, I'/t-inch strips as the support. Buffers of 5 
N acetic acid (15), pH 1.8, and 0.1 jl/ phosphate, 
pH 3.5, were used in two successive experiments. 
When 5 N acetic acid was used, a current of 0.33 ma. 
at a potential of 500 v. was applied for two hours. 
This produced a migration of 2.9 cm. In the experi- 
ment employing tlie phosphate buffer, a potential 
of 450 V. was applied for the same period of time 
using a current of 3.5 ma. The migration in this 
case was 3.9 cm. The migration in both cases was 
toward the cathode as shown in Fig. 1. 



origin peak of migration 

Fig. 1.— Electrophoretic migration of L-trypto- 
pfian. Strips A and B using 5 iV acetic acid, pH 1.8. 
Strips C and D using 0.1 M dibasic sodium pho.s- 
phate-phosphoric acid, pH 3.5. Strips A and C 
represent crystalline material. Strips B and D 
represent isolated material. 

The results of a few comparisons appear in Tabic 
IV, The results obtained clectropliorctically when 
compared to the colorimetric results show good cor- 
relation of the two inctliods. 

iHl'/fSPlSlhl') Methods . — Eneymie Hydrolysis . — 
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The enzjmatic digestion of casein was studied m 
order to determine the relative rate of release of 
ammo nitrogen This nas done because it was the 
partial enzymatic hj drolj sates show mg the most 
uniform release of ammo nitrogen that would be 
chosen for further stud} 

One hundred grams of casein, suspended in 690 
ml of deionized water, was mixed with 6 Gm of 
U S P pancreatm The pH was adjusted to 8 5 
w itli 4 N sodium h> droxide solution The suspen 
Sion was stirred for one hour, and then adjusted to 
[iH 7 9-8 0 It was then diluted to 1,000 ml , tolu 
cue was added to just cover the top of the suspen 
Sion, and then the mixture was incubated at 37° 

Ten milliliter portions of the hjdrolj sates were 
pcnodicalh removed, and after each removal the pH 
of the suspension was adjusted to 8 0 The ammo 
nitrogen content of each portion was determined 
The rate of enzv matic hj drolv sis was thus studied b} 
plotting the mg of ammo nitrogen released against 
time of hj drolv sis The results of the analj scs are 
tabulated in Table II and shown graphicallv m Fig 
2 

Table II — Enzvmatic Hvdrolxsis 


Ammo 


Hours of 

Nitrogen 

Nitrogen 

Digestion 

Released® 

Ratio* 

0 0 

14 8 

0 117 

4 5 

28 4 

0 225 

20 0 

35 1 

(1 280 

26 i 

18 1 

0 301 

29 5 

18 () 

0 107 

51 i 

14 0 

0 150 

99 3 

44 7 

0 353 


Mg per C»m of dr> cisem 

h Based upon the ratio of ammo mtroj,tn/tot iJ nitrogen in 
complete acid h>drol>sts 



Fig 2 — R ite of ammo nitrogen rcle isc in the 
jiancrcatic digestion of casein 


The hvdrol} sates chosen as the ones presenting 
the most uniform release of ammo nitrogen were 
thirteen to twentv four hour hv drolv sates These 
hvdrol} sates were the ones chosen for the modified 
hv drolv tic procedure 

Acidic Ihdrolysis — \ ciseiii simple w is eoiii 
pletel} digested with 0 A' sulfurie acid as previoiislv 


described, to determine the ammo nitrogen present 
on complete hv drol} sis and to determine, colorimct 
ricall} , the amount of trv ptophan present In this 
experiment, a sample of the h} drolv sate itself ms 
used as the blank since the h} drolv sate was sliglith 
discolored This experiment v leldcd 12 59% annuo 
nitrogen based upon the drj weight of casein The 
sample contained 0 06% trj ptophan 

Modified Enzymatic and Acidic Hydrolysis — \ 
modified hvdrol} tic procedure was then used with i 
series of enzvmatic h} drol} sates, the time of In 
drol} SIS falling m the range of uniform release of 
amino nitrogen At the end of thirteen to twcnti 
four hours of enz} matic h} drolv sis, the mixture w is 
heated on a water bath at 80° for ten mmiitcs to dc 
activate the enzjmc After the suspension cooled 
10 Gin of charcoal was added to partiallv decolorize 
the hv drolv sate and it w as filtered at reduced pres 
sure through a Buchner funnel 

A sample of the filtrate so obtained was aiiahzcd 
for ammo nitrogen and tr} ptophan Fiv e himdrcd 
milliliters of the filtrate was then mixed with 500 nil 
of the appropriate diluted sulfuric acid solution and 
refluxed at 103° for the prescribed interval of tunc 
At the end of this time, the solution was cooled and 
the ammo nitrogen content and tryptophan content 
again determined 

A summar} of the ammo nitrogen dctermin itnins 
and tr} ptophan anal} scs, before and ifter acid 
treatment, w ith nitrogen r itio, appears m T ibk HI 


1 ABLE HI — Results or ihl Modhh ii 
Hvdroi vtic Prolldures 


Hours 

of Hy 

Molar 

Amint) 

1 rypto 

Nitro 

ilrolysjs 

ity of 

Nitro 

phin 

gen 

1 nzyme 

Acid 

Aod 

sen® 

"A 

Katio 

13 



15 0 

0 54 

0 119 

13 

2 

0 2 

17 7 

0 66 

0 141 

13 

3 

0 2 

24 4 

0 52 

0 191 

13 

2 

0 3 

18 2 

0 55 

0 115 

16 



20 5 

0 59 

0 16 i 

16 

2 

0 2 

25 8 

0 94 

0 205 

16 

S 

0 2 

26 0 

0 92 

0 20" 

16 

2 

0 1 

26 0 

0 S8 

0 207 

17 



11 2 

0 9S 

0 272 

17 

2 

0 2 

46 0 

1 21 

0 160 

17 

2 

0 I 

41 3 

1 05 

0 341 

17 

2 

0 1 

50 9 

0 92 

0 405 

20 



31 5 

0 96 

0 250 

20 

2 

0 2 

40 8 

1 26 

0 324 

22 



34 6 

0 95 

0 275 

22 

2 

0 2 

44 6 

1 36 

0 352 

24 



34 9 

0 79 

0 278 

24 

2 

0 2 

46 7 

0 79 

(1 372 


® Mg per Om of dry c iscm 

Table I\ — Comparison or % Trvptoiiian 
Obtained Colorivietricai i v and 

El ECTROrilORETICALLV 


Hours of Hy 
drolvsis 

Acid 

Trvptnphan “'c 
Colon 

Enzyme 

Acid 

Mol irity 

metric 

pliorcuL 

16 

2 

0 2 

0 94 

0 87 

17 

2 

0 2 

1 21 

1 09 

20 

2 

0 2 

1 20 

1 1> 

1 > "1 

24 

2 

0 2 

0 79 

0 t 1 

, Vf DifTcrcntc 
, */f I,)cviilioii— 

0 08 
-7 60 
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SUMMARY AND CONCLUSIONS 

The results of the method described to decrease 
both the time of hydrolysis and the destruction of 
trj’ptophan in preparing casein h}'drolysates 
indicates the potential value of the method. The 
data tabulated in Table III suggest that hydroN- 
sis with pancreatin for seventeen to twenty -two 
hours followed by refluxing with 0,2 M sulfuric 
acid for two hours, results in a product contain- 
ing about 45 mg. of amino nitrogen per Gm. of 
casein and about 1.3 per cent tryptophan. These 
products represent a nitrogen ratio of about 0.36. 

The desirability of this method arises from the 
saving in time because the degree of hydrolysis 
obtained, although no greater than commercial 
enzymatic products, was attained in seventeen to 
twenty-two hours, whereas it was noted that one 
hundred hours digestion with pancreatin alone is 
necessary to attain the same result. Commer- 
cial acid hydrolysates usually e,xhibit a greater 
degree of hydrolysis with a concurrently greater 
destruction of tryptophan. 
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Substituted Salicylanilides With 
Antimicrobial Activity* 

By ROBERT G. TABORSKYt, GRANT D. DARKER, and SAUL KAYE| 


Eighteen new haIonitrosalic>'lanitidcs have 
been prepared. Of these the salic)’Ianilidcs 
of S-nitro- and S-nitrosalicylic acid, halo- 
genated by one, two, or three halogens of vari- 
ous kinds in the aniline nuclei, have been 
shown to possess a high degree of bacterio- 
static and fungistatic activity, 

C ALiCYLANii-iDn, a widely-usctl couuucrctal 
fuiigiblat, was fir.st recognized by I'arghcr and 
ei> workers (IJ to be an excellent textile preserva- 
tive. Derivatives of salicylanilide have been 
finding increasing mention in tlie literature 
Thus, apparently in trving to witien liie range of 
antiniicrobial activity, inlerc.sting compounds 
such as those wherein the salicylatuHde moiety 
and sulfonamide moieties have been united (2-5) 
or an anilide made from ^-aminosalicylic acid 
(0-12) have been examined. However, the 
fortucr compounds were not reported to have 
e.xccptionally better antimicrobial properties 
than salicylanilide or the sulfonamides alone, and 
the latter were not reported as being superior to 
p-aminosalicylic acid as tuberculostats. Rc- 

•Kccyocil I'cbruiirj fn.m Ihc Urn Venue LalKim 

loncN. Inc , BctUunl. Ohio 

'f FrcMiit aihlrrsv P.irk Mciiiun il InMitulc 
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ccnliy, pulyhalogcnatcd salicylautlides have re- 
ceived considerable attention (13-15), it being 
reported that particularly 5-broino-4'-chloro- 
salicylauilide has a high potency and wide range 
of antimicroliial action. 

Salicylanilide and substituted salicylanilides 
have been previously prepared in low yields by 
the direct condensation of salicylic acid, or the 
substituted acid with aniline, or a substitution de- 
rivative of aniline (10). Various condensation 
agents such as aluminum anilide (17), phosphorus 
trichloride (II, 14-16, IS, 19), and tetralkyl 
pyrophosphites or dihalophospliitc.s (20) have 
been used to increase the efiicicncy of the reac- 
tion greatly. These compounds have also been 
prepared in good yields by the reaction of the 
phenyl or methyl esters of the particular salicylic 
acid with the appropriate aniline (14, 21). 
Salicoyl chloride and substituted salicoyl chlo- 
rides have been reacted m'th various anilines to 
give the salicylanilides (14, 22). The acid 
chlorides have been prepared by classical means 
without the necessity of blocking the orthn 
hydro-xyl grouij (2.3, 24). Of a miniiicr of other 
methods which arc less orihotiox and generally 
less efllcicnt. two arc particularly interesting. 
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Thus, OT//;o-carbamyl derivatives of diphenyl 
ethers have been rearranged to salicylanilides 
(25). Further, the sodium derivative of the 
phenyl ester of phenylcarbamic acid has been 
rearranged to give a 20 per cent yield of salicyl- 
anilide (26). 

Substituted salicylanilides have also been 
prepared by the direct action of reagents upon 
salicylanilide. Thus, nitration (16), chlorination 
with sulfuryl chloride (27), sulfonation (28), and 
bromination (14, 29, 30) of salicylanilide or 
substituted salic 3 danilides have been studied. 

The selection of the type of compounds pre- 
pared in the present work was partly based on 
results with nitro- (31, 32) and halo-2-furan- 
acrylanilides (32), which e.Thibit bacteriostatic 
activity, and 4'-chloro-5-nitro-2-furanacrylani- 
lide (33), which exhibits anthelmintic activity. 
Thus it seemed that halonitrosalicylanilides, 
which would have a number of chemical features 
common to some of the above mentioned 2- 
furanacrylanilides and also possess the salicyl- 
anilide moiety of known antifungal activity, 
might exhibit broader antimicrobial action 
than either of the above materials. Indeed, 
when 4'-chloro-o-nitrosalicylanilide was prepared 
and tested, this was found to be the case. There- 
fore, seventeen analogs of this compound were 
prepared to determine the effects, due to changes 
in the positions and the amounts of various 
groups present or due to the kinds of halogen 
substituent, upon antimicrobial activity. 

Experiments have been carried out to prepare 
these compounds by three methods. Reaction 
of the respective dinitro- or nitrosalicoyl chlo- 
rides with an excess of the halogenated aniline in 
benzene was found to be a satisfactory method 
which gave the halonitrosalicylanilides in 71 to 
93 per cent yields. Most of the salicylanilides in 
the present work were made by this method. 
However, interaction of the acid, the aniline, and 
phosphorus trichloride in benzene was also found 
to be useful. In a third method, a Schotten- 
Baumann reaction between the acid chloride and 
the aniline in the presence of aqueous sodium 
hydroxide was performed' to give, however, low 
j'ields of the desired anilides highly contaminated 
by the acids. The compounds prepared and 
their ph 3 'sical properties are given in Table I. 
The known materials 4'-chlorosalicylanilide and 
3 -nitrosalic 3 'lanilide w-ere also prepared, using the 
Schotten-Baumann method, for comparison with 
the other anilides in the biological testing. 

The 3- and o-nitrosalicylic acids used in this 
work were obtained by a low temperature (0°) 
nitration of salic 3 dic acid which yielded an 


isomeric mixture of about 3:1 of the 5- and 3- 
nitro acids. Separation was effected by taking 
advantage of the difference in solubility of the 
potassium salts of these acids (34). 

The acid chlorides were than prepared directl 3 ’ 
from the above acids upon refluxing with thion 3 ’l 
chloride in benzene in the presence of a small 
amount of anhydrous aluminum chloride. Three 
hours were required for the completion of this 
reaction with the 3-nitrosalicylic acid. How- 
ever, sixteen hours were required for the 5-nitro- 
and 3,5-dinitrosalicylic acids to form the chlo- 
rides. The aluminum chloride catalyst was 
important for the latter two acids since without it 
the reaction was not complete in sixteen hours. 
5-Nitrosalicoyl chloride had not been previoush’ 
prepared. 

The halonitrosalicylanilides prepared in tliis 
work are insoluble in water. However, because 
of the presence of the phenolic group whose 
acidity is enhanced by the nitro group on the 
same ring, aqueous solutions of about 0.05 per 
cent could be prepared for antimicrobial tests hy 
adding an equivalent of suitable base such as 
sodium hydroxide to the water. 

PHARMACOLOGICAL ACTIVITV 

Antibacterial screening bj' the agar cup-platc 
method among all of the compounds listed in Table 
I indicated that the halo- 3 , 5 -dinitrosalicylaniliilcs 
had little or no activitj' against the bacteria referred 
to below. However, the halo-3-nitro- and ha!o-5- 
nitrosalicylanilides are potent antimicrobials against 
a number of bacteria and fungi. Preliminary 
comparison tests by the agar cup-plate method 
among the salicylanilides indicated that all of tlic 
halo-3-nitrosalicylanilidcs had very similar poten- 
cies and specificities of action regardless of the nuin- 
ber, kind, or position of the halogens in the ani- 
line ring. This was also found to be true for the 
halo-S-nitrosalicylanilides. Therefore, 4 '-chloro- 
3-nitrosalicylanilide (I) and 4 '-chloro- 5 -nitro- 
salicylanilide (II) were selected as representatives 
of these two groups for further testing. The in- 
fluence of the various substituent groups par- 
ticularly against Micrococcus pyogenes var. aureus 
is illustrated in Table II. I also showed a threshold 
inhibition at 18 mcg./cc. against Micrococcus flaws 
and II showed inhibition at 10 mcg./cc. against Al- 
caligenes faecalts. 

These results indicate that both the nitro am 
halogen groups confer antibacterial activity opo" 
the salicylanilide parent molecule, which when 
unsubstituted exhibits very little antibacteria 
action. The absence of much activity among 
either the halogenated anilines or the nitrosalic)hc 
acids indicates that this modification in activity o 
salicylanilide is not due simply to the fact that t le 
molecule is now a combination of an aryl 
phenol and a halogenated aniline. Instead, i 
appears to lx: a more complex gross effect requiring, 
particularly, the anilide linkage to complete 
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Table 1. — Halonitrosalicylanilides 






An al vsis- — — 





Carbon, ^ 

^Hydrogen . 

Compound 

M p 

Formula 

Calcd 

Found 

Calcd 

Found 

4'-Fluoro-3-nitrosalicyIauilidc 

141 5-142 

C,3H,FX;0, 

5G 53 

57 19 

3 20 

o 

2 '-Chloro-3-nitrosalicylanilide 

171 5-172 5 

C,jH,ClX;0, 

53 34 

53 42 

3 09 

3 16 

3 '-Chloro-3-nitrosalicylanilide 

152 5-153 5 

CoH.ClXjO, 

53.34 

53 36 

3 09 

3 06 

4'-Chloro-3-nitrosalicylanilide 

154-156 

C„H,C1X;0, 

53 34 

53 10 

3 09 

2 99 

4'-Bromo-3-nitrosalicylanilidc 

158-158 5 

CijHsBrXiO, 

46 31 

^G 3G 

2 69 

2 69 

4 lodo-3-nitrosaUcylaniUde 

175-178 

CnIUlXtO. 

40 64 

41 26 

2 36 

2 67 

2',4 -Dichloro-3-nitrosalicylani- 







lide 

241 

CuHsCl-X-.O, 

47 71 

47 42 

2 46 

2 2S 

4'-Fluoro-5-nitrosalicylanilide 

240 

C,3H,FX.0, 

oG o3 

58 32 

3 20 

3 37 

2'-Ch!oro-5-nitrosalicylanilide 

200-203 

C.sHsClXjO, 

53 34 

53 11 

3 09 

3 01 

3 '-Chloro-5-nitrosalicylaniIide 

230 

CnH,ClX:0. 

53 34 

53 55 

3 09 

3 07 

4 '-Chloro-5-nitrosalicylanilide 

252.5 

C„H,C1X:0, 

53 34 

53 51 

3 09 

3 09 

4 '-Bromo-5-nitrosalicylanilide 

242-245 

C,3H,BrXjO< 

46 31 

46 15 

2 69 

2 49 

4 '-Iodo-5-nitrosalicylanilide 

261-264 


40 64 

41.05 

2 36 

2 56 

2 ',4 '-Dichloro-5-nitrosalicylani- 







lide 

261-262 

CijHsCl.XjO, 

47.71 

47.65 

2 46 

2 20 

2',4',6'-Trichloro-5-nitrosali- 







cylanilide 

233 5-234 

C„H,CbX.O. 

43 28 

43 09 

1 95 

1 81 

2'-Chloro-3,5-dinitrosalicvlanilide 

216 5-218 

CuHsClXjOs 

46 24 

45 96 

2 39 

2 28 

3'-Chloro-3,5-dinitrosalicylanilide 

211-212 

C,jHsClX,Oj 

46 24 

47 67 

2 39 

2 SI 

4'-Bromo-3,5-dinitrosalicylanilidc 

227 

C,iH,BrX,Ot 

40 86 

41 09 

2 11 

2 46 


** Corrected. 


Table II. — Antibacterial Activities 



Bacterial Inhibition 


Threshold Concentrations 
meg /cc 


S 

B 

E 

Compound 

Qureiis° 

suhtilis^ 

coU^ 

5-NitrosaIicylic acid 
3,5-Dinitrosalicylic 

soo-* 



acid 

4-Chloroaniline hy- 
drochloride 
2,4-DichloroaniIine 

500 

500 



liydrochloride 

600'' 

l,000‘‘ 

1,000'' 

Salicylanilide 

4 '-Clilorosalicylanilide 

IGOO-* 

10 



3-Nitrosalicylanilide 

4 '-Chloro-3-nitrosaii- 

10 



cylanilide 

4'-Cliloro-5-nitro- 

1 

1 

1 ,000'' 

salicylanilide 

1 

0 3 

1 ,000'' 


** Murocoecus pyosfues, var aurrus. 

^ Jiaallus subhlis. 
f Eschfrtchto <oU. 

No inhibition. 

combination of moieties for tlic manifestation of 
markedly increased antibacterial activity. 

I and II were compared and e.'tamined more 
thoroughly in broth serial dilution tests. The 
results of these tests arc shown in Table III. From 
the screening tests and from the serial dilution tests 
it can be seen tliat the 5-mtro derivative is con- 
sistently more potent than the 3-nitro compound. 
Furthermore, it is evident that these halonitro- 
salicylanilidcs are consistently active against the 
Gram-positive organisms but are often inactive 
or less active against the Gram-negative organisms. 

Upon testing the analogs against fungi a greater 
diversity of action was c.\hibitcd than against 
the bacteria. The 3.5-dinitrosalicylanilides again 
showed none or very little antimicrobial action. 
In these tests, I showed decidedly more inhibiting 
activitythan II against T'riVfto/’liy/en tiicntaj^raphyles, 
Candida albicans, and Ptnicillium luleiim. From gen- 
eral comparison tests carried out against theseorgan- 
isras, I and 3'-ch!oro-3-nitrosalicylauilide(III) exhib- 


Table III. — Serial Broth Dilution 
Deter.minations 



Inhibiting Dose, pg /cc. 
4'*Ch1oro' 4''Chloro* 
3-niiro- S^nitro- 

Organism 

Micrococcus pyogenes 

salicylanilide 

salicylanilide 

var. a«rr»s 

4-8 

1-2 

Bacillus sublilis 
Pseudomonas acrugi- 

9-10 

1-2 

nosa 

>200 

>200 

Escherichia colt 

>200 

>200 

Alcaligcnes faccahs 
Proteus (species un- 

SO-100 

20-40 

known) 

>200 

6'1-SO 


ited considerably greater potencies against the 
above organisms than any of the other compounds. 
Inhibition tests at 2SG p. p. m. in agar were carried 
out. At this level I and III were able to inhibit 
all growth of the T. mcntagrophyles at fourteen 
days. However, (or P. tulcuin, although complete 
inhibition was not obtained, these compounds 
caused the lowest radial growth rate. Further 
tests with III showed it to inhibit completely 
E. floccosum at 7.1 p. p. m. at twenty-five dajs. 
Upon comparing I and salicylanilide in a twenty- 
seven-day serial dilution test against C. albicans, 
both materials gave similar inhibition threshold 
values at 45 p. p. m. 

The last results, together with some of the other 
numerical threshold values, indicate tfiat although 
the nitro and halogen substituents confer anti- 
bacterial properties upon salicylanilide, tliey neither 
enhance nor lower its already high antifungal ac- 
tivity. 

Preliminaiy toxicity studies indicate tliat the 
halo-3-niirosalicylanilidcs are consistently at least 
^vcral times more toxic to rats than the 5-nitro 
isomers. For c.varaple, I was found to have an 
intrapcritoncal LDm of 34 mg./Kg. in rats, while 
II had an LDaj of over 125 mg./Kg. in tlie same 
determinations. 
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EXPERIMENTAL 

3- and S-Nitrosalicylic Acids. — Nitrations in 
water, acetone, and acetic acid were carried out. 
However, the most satisfaetory method was to 
combine a low temperature nitration procedure in 
sulfuric acid with the principle of the separation 
procedure of Meldrum and Hirve (34). Thus, 
2,()1)() Gm. (14.5 mole) of salicylic acid was dissolved 
in 4 L. of concentrated sulfuric acid and the solution 
was cooled with dry ice-alcuhol to 0°. Then with 
rapid stirring and continued cooling a precoolcd 
mi.xture of 916 ml. of concentrated nitric acid and 
916 ml. of concentrated sulfuric acid was added, 
keeping the temperature below 7°. One hour was 
required for addition, after which time the mi.vturc 
was poured into 24 L. of water, allowed to stand 
overnight, filtered by vacuum, washed, and dried 
at 70° for sixteen hours. A yield of 2,550 Gm. 
(96.0'^, yield) of the cream colored isomeric mixture 
was obtained. One hundred and sixty-three Gm. 
(0.89 mole) of the mixture was dissolved with 
stirring in 3,300 ml. of boiling water containing 
114.0 Gm. of potassium carbonate and 15 Gm. of 
charcoal. The hot solution was filtered and allowed 
to stand at room temperature overnight. The 
orange crystals of the potassium salt of 3-nitro- 
salicylic acid which had precipitated were filtered 
by vacuum and washed three times with cold 
water. They were then dissolved in 1 L. of 90° 
water, the solution was filtered, and 60 ml. of 
35.0% sulfuric acid was added to the hot filtrate 
with vigorous stirring to give an immediate precipi- 
tate of 3-nitrosalicylic acid. The solution was 
stirred and cooled to room temperature (about 
three hours) and the white solid that separated 
was removed by vacuum filtration and washed with 
water. This product was dried at 100° for sixteen 
hours to give 37.5 Gm. (22.5% yield) of 3-nitro- 
salicylic acid, m. p. 147.5-148° (lit. (35) m. p. 
140-148°), which now had a canary yellow color. 
Upon acidifying the original filtrate and reducing 
its volume to one-fifth, 90 Gm. (55.0% yield) of 
.5-nitrosaIicylic acid, m. p. 234-236° (lit. (35) m. p. 
234°) was obtained upon filtering, washing, and 
drying. 

3-NitrosalicoyI Chloride. — Eighty Gm. (0.44 
mole) of 3-nitrosalicylic acid, 52.0 ml. of tliionyl 
chloride, and 320 ml. of benzene were refluxed for 
two hours. The solution was filtered and the 
solvents removed by evacuating at room tempera- 
ture for si.xteen hours. A yield of 82 6 Gm. (93.6%) 
of yellow crystals of 3-nitrosalicoyl chloride, m. p. 
55.5-57.5° (iit. (36) m. p. 59-61°), was obtained. 

Arm/.— Calcd. for CjH^ClNOi: C, 41.70; H, 
2.00. Found: C, 43.62; H, 2.04. 

When the acid chloride was heated to 60° during 
the removal of the solvents, hydrogen chloride 
was given off and the resultant product had a much 
poorer melting point. 

S-Nitrosalicoyl Chloride. — This was prepared by 
essentially the same procedure used above, however, 
it was found that the reaction proceeded much more 
slowly. Thus, without a catalyst, at the end of 
sixteen hours, a considerable amount of the ben- 
zene-insoluble 5-nitrosaIicyIic acid had remained 
unconverted to the benzene-soluble acid chloride. 
When a small amount of anhydrous aluminum chlo- 
ride was added to the reaction mixture, no insoluble 


material remained after sixteen hours of refluxing. 
Thus, 50.0 Gm. (0.27 mole) of 5-nitrosalicylic acid, 
200 ml. of benzene, 30.0 ml. of redistilled tliionyl 
chloride, and 0.1 Gm. of anhj'drous ahiminmn chlo- 
ride gave 49 7 Gm. (91.6% yield) of cnidc fi-nitro- 
salicoyl chloride. It was found that if heal was 
applied (60°) while removing last traces of solvents 
from the residue, hydrogen chloride was evolved 
and the sywupy residue would not solidify. II heat 
was not applied the crude acid chloride was obtained 
as a hard brittle glass. A portion of this glass was 
recrystallized from 1 : 1 petroleum ether-benzene to 
give, in the second crop, a pure sample of 5-nitro- 
salicoyl chloride, m. p. 78-80°, which was a crc.ini 
colored amorphous solid. 

Aim/.— Calcd. for CjH^ClNOa: C, 41,70; H, 2.00. 
Found: C, 42.59; H,2.10, 

3,5-DinitrosaIicoyl Chloride. — This material had 
been previously prepared with phosphorus penla- 
chloride (24, 37). In the present work, the .s;uno 
method as was used above to prepare the 5-nitrii- 
salicoyl chloride xvas applied. Here again sixteen 
hours of refluxing was necessar.v to complete the re- 
action with the aid of the anhydrous aluininuni 
chloride catalyst. The crude 3,5-dinitrosalicoyl 
chloride was used in the preparation of the salicyl- 
anilides. 

Halonitrosalicylanilides, 4 '-Chloro-3-nitrosaIi- 
cylanilide. — The method described below repre- 
sents the general procedure used to prepare most of 
the halonitrosalicylanilides under discussion. When 
3-nitrosalicoyl chloride was added to pyridine an e.xo- 
thermic reaction took place to give a pyridine-insolu- 
ble product. Thus, it was not possible to use pyri- 
dine as a solvent for anilide formation. A solution 
of 25 Gm (0,12 mole) of 3-nitrosalicoyl chloride in 
200 ml. of benzene was added with shaking to 50 Gm. 
(0.39 mole) of />-chloroaniline in 150 ml. of benzene. 
An immediate yellow precipitate formed and the re- 
action mixture was allowed to stand overnight ami 
vacuum filtered. The solid obtained was washed 
with small amounts of benzene, air dried, pulverized, 
and then stirred for thirty minutes in 100 ml. of Id/i 
hy-drochloric acid. The product was vacuum fd- 
tcred, washed well with water, and dried at 90° f'"^ 
sixteen hours to give 28.5 Gm. (78.5% yield) A 
crude 4'-cliloro-3-nitrosalicyIanilide, in. p. l.oS-IA' • 
This was crystallized from 600 ml, of ethanol (ogive 
23.0 Gm, of yellow needles in a first crop and 3 6 Uni- 
more when the alcohol filtrate was reduced to oue- 
sixth. Thus, a total of 26.0 Gm. of 4'-chloro-.f- 
nitrosalicvlanilide, m. p 154-1.56° was obtained. 

Aim/,— Calcd. for C„H«C1N;0,: C, 5'!.34; H. 
3.09. Found: C, 53.10; H, 2.99. 

When 2,4-dichloroaniIinc was reacted with the 
nitrosalicoyl chlorides, the rate of reaction was slower 
than with the monohaloanilines and a precipitate did 
not start to form until about one hour after mixing 
and did not fill the mixture until several hours later. 
With the monohaloanilines, precipitation occnrrei 
immediately and satisfactory yields could lx; " >- 
tained in about one hour after mixing. Md' 
2,4,6- trichloroaniline and 3-nitrosalicoyl chloride, t w 
anilide did not form until after five days. However, 
with 5-nitrosalicoyI chloride and the trichloro:ini nu 
the salicylanilide was obtained only after seven c ax s 
standing. The haIo-3-nitro and lialo-.3,.5dinitros.a i 
cylanilides xvere crystallized from ethanol, while ic 
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5-nitro compounds were crystallized from ethanol or 
cthanol-dimethylformamide. 

4'-ChIoro-5-mtrosaIicyIaiulide by the “Phos- 
phorus Trichloride Method.” — Four grams (0.022 
mole) of 5-nitrosalicylic acid, and 6 Gm. (0.047 mole) 
of p-chloroanilinc were ground, intimately mixed, 
and placed into 35 ml. of benzene containing 1.5 ml. 
of phosphorus trichloride. The mixture was re- 
fluxed for sixteen hours, cooled, and filtered. The 
solid was crushed and suspended in 10% hydro- 
chloric acid, filtered, and crystallized from ethanol to 
give 5.4 Gm. (83.1% yield) of 4'-chloro-5-nitrosali- 
cylanilide, m. p. 249-250°, Upon admixture witli 
4’-chloro-5-nitrosalicylanilide prepared from the 
acid chloride (m. p. 252.5°) no depression of melting 
point occurred. 

4'-Chlorosalicylanilide. — This was prepared by 
the Schotten-Baumann procedure. Salicoyl chlo- 
ride was prepared according to the method of Wolf- 
feustcin (23) from thionyl chloride and salicylic acid. 
Thus 20.0 Gm. (0.13 mole) of salicoyl chloride in 20 
ml. of benzene was added to a rapidly stirred mixture 
of 10,4 Gm. (0.13 mole) of />-chloroanitinc and 15 
Gm, of sodium hydroxide in 100 ml. of water. The 
acid chloride was added over a tcn-niinutc period 
and the mixture ^vas then stirred for thirty minutes. 
No solid had separated and thus the aqueous layer 
was acidified to pH 0 whereby 15,0 Gm. of solid that 
started to melt at 134° was obtained. Further acid- 
ification of the aqueous laver yielded salicylic acid, 
m. p, 157-159° (lit. (38) m,‘p. 157-159°). The solid 
first obtained was crystallized from ethanol to give 
4.3 Gm. (13.4% vield) of 4'-chlorosalicyIaniIide, 
m. p, 109-170° (lit.'(39) m. p. 108-109°), 
3-NitrosalicylaniIide. — This was also prepared by 
the Schotten-Baumann method. In this prepara- 
tion the product precipitated and was filtered di- 
rectly from the reaction mixture. Acidification 
of the aqueous iihase yielded only a small amount of 
additional material. Thus 4.0 Gm. (0,02 mole) 
of 3-nitrosalicoyl chloride and 1.9 Gm. (0.02 mole) of 
aniline in benzene with 1.5 Gm. of sodium hydroxide 
in 20 ml. of water gave 3.5 Gm. of insoluble precipi- 
lalc. One gram of this material was suspended in 
boiling 4% sodium carbonate to remove any .3-nitro- 
salieylic acid and then suspended in 10% hydrochlo- 
ric acid to remove unused aniline. The solid was fil- 
tered. washed, and recrystallizcd from ethanol to 
give 0.4 Gm. (25.0% yield for the total of original 
product assuming dtU; recovery on purification) of 
•'i-nitrosalievlanilide, m. ji. 124-125° (lit (!)) in p. 
I2I- 122°).' 

Antimicrobial Screening. — .Ml of the coinpouinls 
were tested ill aqueous solutions made by dissolving, 
with warming, up to several hundred milligraiiis in 
100 ml of water containing an equivalent or a sliglit 
excess of sodium hydroxide, to give solutions of pH 7 
t<i S ,\ntibactcrial screening test.s were done by the 
•igar-cup plate method, [ilacing the test conipomnl 
solutions into the cups and seeding the agar with the 
organism under study (40). Values of thre.shold 
concentrations were approximated either by means 
of inoculated serial dilutions of the compounds or by 
plotting the logarithms of the coiicentnitions against 
the zones of inhibition for several concentrations and 
cxir.ipolatiiig to the threshold values 


The broth dilutions were prepared by incorporat- 
ing appropriate graded amouiiLs of the compounds 
in Difeo Yeast Beef Broth which was maintained at a 
uniform concentration throughout each series. The 
tubes of the various series were inoculated with a 
loopful of inoculum from twenty-four hour cultures 
of the test organisms grotra in the same medium. 
Incubation for forty-eight to seventy-two hours was 
usually suflicient although all were observed during a 
period of one week. 

Fungistatic activity uas determined by inoculat- 
ing the test organism into a medium composed of a 
base of plain agar containing the test compound 
overlaid b}' a layer of potato dextrose agar. From 
periodic measurements of the radii of the colonies, 
the inverse of the radial growth rate in mm. per day 
was considered an index of the fungistatic efficacy of 
the test substance. 
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Thermosterilized Acriflavine Emulsion Ointment^ 


By E. MENCZEL and S. GRUN 


Four thermostable o/w emulsion bases were 
selected for the preparation of acriflatine 
ointments with which absorbent pauze was 
impregnated and steam sterilized for topical 
antisepsis. Bacteriostatic tests indicated that 
at 1 per cent w/w concentration of acriflatine 
effectite antiseptic ointments were produced. 

TE.vrious .\crifl oi.vtmen'TS are clinically 
' used for topical antisepsis, without the com- 
plications of resistance encountered with anti- 
biotics and other oral or parenteral bacteriostatic 
agents Experimental data indicate that the 
bacteriostatic activity of acriflavine ointments 
depends also upon the ointment bases Frank 
and Stark (1) tested the ef^ecti^•encss of acri/la- 
vme‘ incorporated in a water-in-oil emulsion 
ointment base containing cholesterol; even at the 
concentration of 1 5 per cent w/w acriflavine, the 
growth of Staphylococcus aureus and E. colt was 
not inhibited Owing to anionic cationic inter- 
action, oil-in-water emulsion ointments of acrifla- 
vine with aqueous cream (3) B. P base^ could not 
have been prepared. Similarly, a sodium alginate 
base was not found suitable Unguentum glyc- 
erini, a greaseless starch glycerite base official in 
the Swiss Pharmacopeia (4), did not hinder the 
antiseptic activity of the acriflavine incorporated, 
at the range of 1-1.5 per cent w/w concentration 
This is in accordance ivith the prevailing concepts 
that some antiseptic ointments are more effective 
in a ater-miscible bases having a high water con- 
tent (5). However, starch glycerite is apt to de- 
teriorate rapidly; furthermore, water-miscible 
bases devoid of an oily phase are considered to be 
drying and not applicable to both dry thin and 
thick fatty skins (G). Eventually, a stable water- 
miscible emulsion base of high water content ap- 
pears to be the formulation of choice for an acri- 
flavine ointment. The clinical use of an acrifla- 
vine ointment in surgical theater and wards in the 
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We wish to acLnowledpe p-atefullj the assistance given bj 
Prof r Rappaport and M Rabinovich, and the colleagues 
at the Central Pharmacy, Ministry of Health, in caiT>ing 
out this work 

Abstracted in part from the thesis submitted in fulfillment 
of the requiiements for the degree of Master of Pharmac>, 
Hebrew University, Jerusalem 

J The grade oQicial in the "British Pharmacopoeia 1018 
which consists of a mixture of dnmmoacndme h> drochlonde, 
diaminoacndine dth> drochlonde, and h> drochlonde of di- 
aminometh>l acndinium chlonde, this is not equivalent to 
tbe acnflasvne official vn the "Bnush Pharmaceutical Codex 
195-1” which, too, differs from acnflavine and acnaavinc 
hv drochlonde official m the "National Formulary X” (2) 
All these denvatives of aminoacndme bear catiomc proper- 

* Aqueous cream (simple creaml B P (3) consists of 30^? 
emulsifying ointment B P containing amomc sodium laurj I 
sulfate as the mam cmulsiOing agent. 


treatment of bums and other topical infections 
warrants absolute sterility to avoid reinfection bv 
resistant microorganisms. Sterilization could be 
perfonned by one of the thermal [iroccdtircs 
which, however, might prove deleterious to the 
thcrmolabilc emulsion system Bcncrito and 
Singleton (7) and Lambert, ct al (S), have re- 
ported studies on the preparation of therinostabic 
emulsions for parenteral use which could be ster- 
ilized. Thcrmostcrilizability will, therefore, fea- 
ture as a prime factor in evaluating the o/w emul- 
sion bases for an effective acriflavine ointment 
As far as consistency is concerned, it should be 
softer than ordinary ointment bases and this 
might enable read}'' incorporation into a medi- 
cated dressing 

EXPERIMENTAL 

Emulsifying Agents. — Tlie prcpanatioii of o/w 
emulsion ointments of acnfl.avine precludes the use 
of anionic emulsifying agents The selection has, 
therefore, to be made from the limited list of non- 
allergic, nonirntatmg cationic and nonioiiicciniilsify- 
agent agents As to the thermostcrihzability of an 
o/w emulsion produced, a certain clue can be ob- 
tained by ascertaining the inversion temperature of a 
1% solution of tile emulsifjiiig agent Tlic proce- 
dure of the test was exactly the same ns that sug- 
gested by Bcncrito and Singleton (7) The noiuoiuc 
cmuIsif.Miig agents, polysorbatc SO and poljoxyl 30 
stearate, were found to haxe high temperature mxer- 
sion points’ and eventiiallv these timilsifvmg agents 
might produce thermostable o/w ciimlsioii oiiit 
ments Preference was guen to polyoxjl 30 stc.ir 
ate ox'cr its homolog containing 40 pobttliiltiie 
groups (official m U S. P. XV) owing to its Ingli de- 
gree of diffiisibility (0) which cannot be over-emplia- 
sizcd in this tvpc of preparation The nomonic eimil- 
sifving agents, trademarked in German} as Cremo- 
phors, proved to have certain merits (10, 11 ) m emul 
sum tcclmologv but their tliermostabilitv could not 
have been deducted from the Bcnerlto-Siiigletoii 
test .\ liiglilv pmified grade of egg Iccitlim (c.it- 
ionic cmulsif} mg agent) deteriorated upon teiupera- 
turc rise when apple mg the Bencrito-Singlttoii test 

Preparation of the o/w Emulsion Ointments, 
Stability Controls, and Their Physical Properties. 
Acnflavine o/w emulsion ointments were- foriniil.ited 
to contain 20% pctrol.itum and/or lirimd petro- 
latum, the water content adjusted to exceed .'0% 

It eeas expected that such preparations will be cre.ini- 
like soft (even pourable) and could 1 e incorp ir.ited 
into a medicated dressing The procedure iiseil iii 
tlic preparation of tlic test ointments w is .iccordmg 
to the conventional pliami.icopei 1 1 method .is follow s 

• Inversion point is defineil as the ternperuture at which I^ 
aqueous solution of the cmulMf>inK n/ent becomes Iiirhi'l 
inversion temperature of poijsofhate hO is at h > . "oyre is 
that of pofjoijl so stearate is at O’,” Xfention shotihl he 
made that with the anionic sodium lauryl sulfate a clear 
solution IS obtained even at 100^, 
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The oily phase including the emulsifying agent 
(wherever applicable) was melted on a water bath. 
The aqueous phase containing acriflavine^ and the 
emulsif jnng agent (wherever applicable) was warmed 
to the same temperature; both phases were mixed 
continuously until congealing. The stability con- 
trols were conducted stepwise starting with visual 
observations for any physical changes on storage at 
room temperature: controls were made at logarith- 
mic intervals starting from 10 seconds and onwards, 
100 seconds, 1,000 seconds, 10,000 seconds, 10’’ 
seconds, 10« seconds (11 days, 13 hours, 46 minutes, 
40 seconds).* Any ointment in which could be de- 
tected a perceptible separated oily or aqueous layer 
was discarded. This was followed by incubation test 
for 10® seconds at 37° (±2°) through which tlie oint- 
ment had to preserve its stability. The last sta- 
bility test was conducted upon autoclaving (15 
Ib./inch* pressure, 121°, 10’ seconds = 16 min- 
utes, 40 seconds). Ointments which failed to be re- 
emulsified to proper consistency, were considered in- 
adequate. The three types of stability controls 
combined proved valuable in selecting the emulsion 
bases !or aerWaviae omtments. Preliminary tests 
have indicated that the storage tests at 37°, which 
were advocated by Husa and co-workers (12), will 
not suffice for the evaluation of a thermostable emul- 
sion. Autoclaving stability tests of emulsions were 
suggested for nonpharmaceutical emulsions (13) and 
were employed too in a study of parenteral thermo- 
stable fat emulsions (S). The results of our study 
confirm that thermostability is best ascertained by 
the autoclaving test. 

The emulsion ointments of acriflavine which 
passed the rigid stability tests were subjected to fur- 
ther physical tests; type of emulsion, melting point, 
and viscosity. 

The o/w type of the emulsion ointments was as- 
certained by the dye method and water miscibility 
(14). Melting point was determined by the official 
B. P. method for fats which was somewhat adapted. 
Apparent viscosities of the emulsion ointments were 
determined by three different methods: (a) rheo- 
logical falling sphere method at several tempera- 
tures; (6) Scott orifice efflux viscometer at the 
fluid phase above melting temperature with and 
without pressure: and (c) Brookfield Synclwo-Lec- 
tric rotational viscometer at varying rates of shear 
and at a wide temperature range. 

Sterilization of the Emulsion Ointments. — The 
petrolatum used in the preparation of ‘‘petrolatum 
gauze” is sterilized at 166-170° for 2 hours according 
to the official directions of the U. S. P. (18). Oven 
sterilization at the same temperature for 2.5 hours 
(15, 17) at least was found reliable for gauze dress- 
ings impregnated with petrolatum, oils, and fatty 
ointments. These sterilization procedures involved 
a very high temperature for a rather long period 
which might prove detrimental to the emulsion oint- 
ments and their constituents. Emulsion ointments 
cannot be sterilized by bacterial filtration at their 
melting temperature since the filtering pores are 
smaller in diameter than that of most of the internal 
phase globules. However, the presence of water in 
the selected emulsion ointment enables steam stcrili- 


• B. B. 4S RTade Tpas used throughout this study. 

• The theoretical and practical aspects of logarithmic pe- 
riodical emulsion controls is to be reported in a further com- 
tnunication apart from this study. 


zation (16) at 15 Ib./inch’ (121°) for 30 minutes; as 
long as saturated steam is used at its phase boundary 
(19) this less drastic method is highly safe. Fur- 
thermore, this method of sterilization coincided with 
the rigid autoclaving tests and therefore the selected 
emulsion ointments proved to be thermosterilizable. 
The rate of redispersion after autoclaving was not 
equal for all emulsion ointments but in all cases it lia'- 
been secured even after repeated sterilizations. 

Bacteriostatic Tests. — The antiseptic activity of 
the acriflavine ointments was evaluated by the bac- 
terial inhibition test (20, 21) which was modified to 
secure most concordant results. Tlie standard agar 
cup plate method utilizing Staphylococcus aureus was 
expanded and the ointments were tested similarly 
with virulent strains of Escherichia coli. Pseudomonas 
aeruginosa, and Streptococcus pyogenes; since these 
too appear quite often in skin infections. The oint- 
ments were spread in uniform strips of dimensions 
50 X 6 mm. on sterile agar plates which were inocu- 
lated serially with Vio and Vim dilutions of the bac- 
terial culture, and incubated for 24 to 48 hours. In 
the case of Streptococcus pyogenes, controls were made 
with sterile blood agar plates. Inhibition zones 
were measured in millimeters from one side of the 
ointment strip. Acriflavine was incorporated in tlie 
selected ointment bases in ascending amounts start- 
ing with 0.1% w/iv up to 2% w/w; considering the 
average molecular weight of acriflaxdne as 281.4, 
the concentrations were converted into millimole % 
(mill %) and accordingly the range extended be- 
tween 0.355 mil/ % and 7.10 mil/ %, 

Emulsion Bases. — Single and compound formula- 
tions with polysorbate 80 did not lead to stable oint- 
ment bases. The incorporation of cetostearyl alco- 
hol did not induce stability at 37°. The results with 
polysorbate 80 did not coincide with tliat indicated 
by Benerito-Singleton tests: in spite of the high 
inversion point of the water solubility of polysorbate 
80, autoclavablc emulsion ointments could not be 
prepared with it. 

The formulations with Creroophor A lest (solid) 
combined with Cremophor A flussig (liquid) were 
not stable at 37°. On the other hand Cremophor k 
solid as a single emulsifying agent produced an emul- 
sion base stable at 37° but failed at steam steriliza- 
tion temperature. Cremophor Ap solid combined 
with Cremophor solid as recommended by the 
manufacturer (11) led to a base unstable at 37°. 

Preliminary formulations with polyoxyethylene 30 
stearate as a single o/w emulsifying agent (even up to 
10%) were unsuccessful. Omitting the petrolatum 
and/or liquid petrolatum and upon incorporation of 
cetostearyl alcohol (10-25%) and propylene glycol 
(10-12%) smooth ointments were obtained which, 
however, were too dr}'. On further trials, following 
the U. S. P. XV formula for hydrophilic ointment, 
we have found that with cetostcarii alcohol 3C; 
w-/w, and polyoxyethylene 30 stearate 3% w/w, a 
suitable thermosterilizable emulsion ointment could 
be produced (base I). The substitution of ceto- 
stcarji alcohol with Cremophor solid in this base 
led to a liighcr viscosity. Screening the many 
bases of this kind prepared, it was inferred that the 
most appropriate emulsion base consisted of a blend 
of polyoxyethylene 30 stearate 5% w/w and Cremo- 
phor A solid 5% w/w (base 11). Further experi- 
mentation indicated that far more stability could be 
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achieved (redispersion after autoclaving unnecessary) 
by adding cetostearyl alcoliol to the constituents of 
base II. The best formulation included cetostearyl 
alcohol 2.5^ w/\v, polyo.vycthylenc 30 stearate 2.5'’o 
wAv, and Cremophor A solid 4*^ w/w(base III). 

The reduction of the uatcr content to about 50% 
without increasing the concentration of the oleagi- 
nous phase can be effected by incorporating water- 
soluble or water-miscible constituents. Poly- 
ethylene glycols of molecular weights 400 and 4000. 
respectively, proved valuable in official ointment 
formulations but alone are considered to produce im- 
proper ointments (6), The emulsification of ali- 
phatic oleaginous ingredients in the presence of poly- 
ethylene glycols proceeds rather with some difficulty, 
and even then the best emulsifying agent was found 
to be polyoxyethylene 30 stearate. Upon autoclav- 
ing some of polyethylene glycol 4000 crystallized out 
and this had to be replaced by various other poly- 
ethylene glycols. Good results were obtained by de- 
creasing the proportion of polyethylene glycol 400 
and incorporating polyethylene glycol 900 and 1.500, 
respectively (base IV). 

The results with polyoxyethylene 30 stearate con- 
firmed the Benerito-Singlcton test for the selection of 
the main emulsifj’ing agent producing thermostable 
emulsions. 

The consistency of the lecithin o/w emulsion bases 
were appropriate but proved to be unstable, par- 
ticularly upon autoclaving; this could have been 
predicted from the Benerito-Singleton test. 

The composition and the physical cliaracteristics, 
including the stability data of the four selected bases, 
are listed in Table I. It should be noted that the 
oAv emulsion type offers washability and that the 
decline in apparent viscosities of these bases at body 
temperature enables proper diffusion, spreading, and 
penetration. The rheograms of these bases at 20° 
reproduced in Figs. 1 and 2 indicate plastic viscosities 
with thixotropic features — particularly of bases I 
and 11 ; owing to the different range of viscosities 
two separate spindles were u.sed; Spindle II (Brook- 
field Synchro-Bectric viscometer model HBT) for 
base,s I and II and spindle III for bases III and IV' 
The rhcograni of glycerin (99% w/w) which pos- 
se.sses iVcwtonian viscosity was al.so included in Figs. 

1 and 2 for coniparisoii. 

Antibacterial Effectiveness. — In spite of the 
oleaginous phase in the selecterl o/iv emulsion base.s 
the antibacterial activity of the incoriiorated acri- 
flavine was not hindered as compared with that of a 
grcaseless starch glycerite base (see Table II). It 
was reascertained that the optimal antiseptic con- 
centration of acriflavine in effective ointments bases 
is about 1% iv/iv (3.55 In^^ % iv/w). Equivalent 
concentrations of Flavazole (a proprietary cquimo- 
lecular combination of 2,8-diaminoacridine and sulfa- 
thiazole) in one of the selected ointment bases did 
not posse.ss superior antiseptic activity. Further- 
more, the incorporation of 1% sulfathiazole into 1%. 
acriflavine o/w emulsion ointment did not enhance 
the antibacterial activity. On the other hand, cream 
of proflavine B. P. C. 1954 (22) which is a w/o emul- 
sion containing only 0.1% profl.avine did not inhibit 
the growth of any of the test organisms. 


« The thixotropy of hoses III and IV is l«s pronouneed and 
appMP? onlv at the r i> m. 2, ha<e ol 

CJ. 


CKNTirorSKS 

lOJ 10* 10' 



Frookftcld Syncliro-T.ectric 
Viscometer Model IIIH* i3])indle .T 

Fig. 1. — Rheogram of bases I and II: Shearing 
stress (scale readings) and apparent viscosity (centi- 
poises — log scale) versus rate of shear (revolutions 
per minute). < — ► Slope of shearing stre.ss upon 

increasing or decreasing rate of shear. 

Slope of apparent viscosity upon increasing rate 
of shear. A, A', glycerin 99% w/w. B, B', base 
I. C, C', base II. 


CENTIPOISES 
10> I0< I0> 



JiroakrtcUl Synchro- i.ectne 
Vi'tcfjmeter Mfulcl lliri' SjniHllf 

rig. 2. — Rheogram of bases III and 1\': slieaiing 
stress (scale retidings) and apparent vivcosily 
(centipoiscs — log scale) versus rate of shear (revo- 
lutions per minute). ♦ Slope of shearing strc'^s 

upon incretising or decreasing rate of shear.-' 

Slope of apparent visc*>sity upon increasing rate 
of shear. A, A', glycerin 90% w/w. R'. hnse 
III. C. C', base IV. 


Preparation of Acriflavine Antiseptic Dressings. — 
Abfujrbent gauze is cut in strips and folded acc(»rdiMg 
to the phamiacfjpeial directions for fK'trolatum gauze 
(17) and filled into heat-sterili/^ible wide-nionth 
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Table I — Physical Characteristics of Acritlavine Ointments 1*^ \v/\v (3 55 mM With the 

Selected Emulsion Bases 


Constituents of the Bases 

Base I. % 

Base II. % 

Base HI. ^ 

Base IV. 

Nonaqueous phase (oleagi- 

nous) 

Petrolatum 

20 w/w 

20 w/w 

20 w/w 

20 w/w 

20 w/w 

Liquid petrolatum 

20 iv/w 


20 w/w 

20 w/w 

Aqueous phase 

74 w/n 

70 n /w 

71 w/w 

74 w-/w 

Water content 

04 w/w 

60 v/w 

61 v/w 

47 v/w 

Propj'lene glycol 
Polyethylene glycol 400 
Polyethylene glycol 900 
Polyethylene glj'col 1500 

10 w/w 

10 w'/w 

10 w/w 

10 w/w 

3 w/w 

4 w/w 

10 w/w 

Emulsifying agents 

6 w/w 

10 w/w 

9 w/w 

6 w/w 

Cetostearj'l alcohol 
Cremophor A solid 

3 w’/w’ 

5 w/w 

2 5 w/w 

4 w/w 

3 w/w 

Polj'ovyi 30 stearate 

3 w/w 

5 w'/w 

2 5 w/w 

3 w/w 

Consistency 

Viscous cream- 

\3scous cream- 

Soft semisolid 

Very viscous 

like (pourable) 

like (pourable) 

(nonpourable) 

cream-like 
( pourable ) 

Melting point 

-4° 

+ 1° 

44° 

-10° 

Specific gravity 

0 982(«)°i 

0 978(35°) 

0 966f40“) 

1 012(36°) 

Type of emulsion 

o/w 

o/u 

o/u 

<»/« 

.Stability at 10' seconds at 

room temperature 

Stable 

Stable 

Stable 

Stable 

Stability at 10* seconds at 

"incubation” 37° (±2°) 

Stable 

Stable 

Stable 

Stable 

Stability at 10* seconds at 

Stable (redisper- 

Stable (redisper- 

Stable 

Stable (redisper- 

121°, 15 lb /inch* (auto- 

sion necessary) 

Sion necessary) 


sion necessary) 

claving) 

Stability at sterilization 

Very slight sepa- 

Slight separation 

Most stable prep- 

Separated emul- 

(121°, 16 lb /inch*, 30 

ration of emul- 

of emulsion 

aration (redis- 

sion phases re- 

min ) as a medicated 

Sion phases re- 

phases, redis- 

persion not 

dispersed after 

dressing (gauze impreg- 

dispersed by 

persion effected 

necessary) 

continuous 

nated with acriflavine 

one or two 

after intermit- 


shaking up to 

emulsion ointment) 

"sliakes” 

tent shaking 


congelation 

Apparent viscosity decline 
with increasing temp- 

erature 

Ceotipoises 

Centipoiscs^ 

Centipoises 

Centipoises 

10° 

83,200“ 

oa.ooo* 

208,000* 

196,800* 

15° 

65,600“ 

58,400“ 

172,000* 

192,000* 

20° 

51,200“ 

44,800“ 

128,000* 

188,000* 

25° 

44,000“ 

24,800“ 

112,000* 

152.000* 

30° 

30° 

45,600“ 

30,300-' 

22,400“ 

100,000* 

110,000* 

35° 

35° 

3C° 

.32.000“ 

20,800“ 

1 4,700-' 

100,01111* 

68,000* 

15,100-' 

40° 

40° 

16,800' 

4,0(l(l'- 

84,1)1)0* 

9,801)-' 

4,01)1)' 

50° 

6 07' 

6 95' 

6 61' 

9 26' 

50° 

2 SS'’ 

4 22 ^ 

4 17-1 

4 36^ 


“ Viscosity measured with Brookfield S> nchro Lectnc rotational Mscoraelcr nuxieJ UBT, I r p tn , spmdle 2 

^ Viscosity measured with Brookfield S> nchro- Lectnc rotaluinal viscometer, model HBT, 1 r p m , spindle .1 

* Viscosity measured with Brookfield nchro Lectnc rotational viscometer, model HB'I, I r p m , spindle 1 

Viscosity measured with falling sphere Mscometer (diameter of the sphere 0 dl25 inch, weight 2 015 Gm ) 

' Viscosity measured with fxrott orifice efilux viscometer at atmospheric pressure 

/ Viscosity measured with Bcott orifice eillux Mscometer at 50 mm Hg pressure alKi\ c almosphenc (increased rate of shear) 
® The apparent i iscosUies of bases I and II o\ erlap but at most of (he r ites of shear abrn e 2 5 r p m the apparent \ iscost- 
ties of base 11 are higher than that of base I (see Fig 1) 

Ung Glycerin Pliarmacopoea Helvetica, 5th ed , as the base of 1% w V acnflAMHe ointment is comparalnelj unstable, 
gl>cerin separates out, perceptible mold growth de\elops 


gljss coiilaiiiert. The manner of impregnation of 
the gauze witli the acriflavine emulsion ointment 
depends on whether a pourable ointment (base I, If, 
and IV) or a cream-like ointment (base III) is used 
In case of tlie former, tlie ointment is directly poured 
to cover tlie gauze entirely, while witli the latter type 
of ointment it sliould be prenieltcd (at 44°) before 
pouring it Tlie containers are tightly closed and 
steam sterilized at 121° (15 Ib /inch*) for 30 minutes 
Tlie applicability of the sterile acriflasnne saturated 
gauze dressing is the same witli wjiiclicver emulsion 
ointment it is prepared 


CONCLUSIONS AND SUMMARY 

Therinosterilizablc oil-in-water emulsion oint- 
ments of acriflavine are clinically preferred for 
topical antiseptic dressings. Emulsion ointments 
need not be oven-sterilized at 1C5° for 2 hours 
since the presence of water enables effective ster- 
ilization by autoclaving at 121°, 15 Ib/inch*, for 
30 minutes only. The stability of thermolabile 
emulsion-ointments is substantially reduced by 
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Tablc II — Bacthrial I\-iiiniTio\- ZoNns" of Acriflavint: Oin't.ments 



Aenflav me 
ml/ . 

Content 

Gm 

Staf'k aureus 

/: 

coll 

Ps 

arruf; 

Slrrhlofncrus piocri/rt 

P>ases 

ii n 

W / w 

Cioi^ ViKw/fr 

I/p/5 

Viv/t 


‘ m/h 

A** 

IK 

Af 


1 

0 

0 











0 35 

0 I 

o o 





4 

4 




1 78 

0 5 

5 7 




o 

5 


4 

8 


.3 55 

1 1) 

li S 


2 

1 


4 


1 

s 


5 .32 

1 5 

«"> 7 


3 

1 

‘> 



4 

s 


7 1 

J 0 

*> 1 


«> 

I 

4 

(i 

8 


s 

II 

0 

0 











0 35 

0 1 

3 2 





o 

4 

3 

•t 


1 78 

0 5 

3 4 





3 

4 


4 


3 55 

1 0 

4 5 




2 

5 

4 


0 


5 .32 

1 5 

4 5 

I 

1 

4 

4 



G 

G 


7 1 

2 0 

4 5 

2 

2 

5 

5 

5 


0 

8 

HI 

0 

0 











0 35 

0 1 

3 3 





2 

3 

5 

10 


1 78 

0 5 

3 7 





G 

4 

5 

10 


3 55 

1 0 

3 7 


2 

2 


0 

5 


10 


5 32 

I 5 

5 7 

2 

3 

1 

3 

5 

5 


12 


7 I 

2 0 

5 7 

2 

4 

1 

4 


G 


12 

IV 

0 

0 











0 35 

0 1 

2 3 





4 

4 

4 

3 


1 78 

0 5 

3 4 






G 


8 


3 55 

1 0 

4 6 

I 



I 

fi 

G 

G 

S 


5 32 

1 5 

5 f, 

1 

1 

I 

1 

5 

G 

G 

8 


7 1 

2 0 

5 5 

I 

1 

ty 

2 

5 

G 

0 

8 

ring Glvccrin ' 

0 

0 











0 35 

0 1 

1 2 

1 

2 

1 

1 

2 

3 

3 

4 


I 78 

0 5 

3 4 

1 

3 

2 

I 

4 

5 

5 

G 


3 55 

I 0 

4 5 

2 

3 

1 

1 

5 

5 

5 

0 


5 32 

1 0 

4 5 

2 

1 

1 

1 

5 

G 

G 

G 


7 1 

2 0 

5 5 

1 

2 

1 

2 

0 

G 

0 

7 


® rnhibitton zones measured in millimeters, from one side of the ointment strip d = dilutions ^ A “ Simple Apnr 
B = Blood Apar * Ung Gl>cerin Pharmacopoea Helvetica Am>! Trit 10 parts, Aq ejest 10 parts, Gl>ccrin 00 parts 


subjectinji them to steam sterilization and the de- 
composition which ensues is irreversible. 

Thermostable stcrilizable emulsions could be 
prepared by utilizing selected emulsifying agents 
properly blended. High temperature inversion 
point of an aqueous solution of an emulsifying 
agent per se signifies possible thermostability, 
while actual autoclave-thermotesting of the whole 
emulsion system containing the emulsifying agent 
determines conclusive thermostability. Both 
polysorbate SO and polj-o.xyethylene 30 stearate 
e.xliibit inversion points at comparatively high 
temperatures. However, it was found that only 
polyoxyethylene 30 stearate mixed with auxil- 
liary dispersion agents could produce thermo- 
sterilizable emulsion bases from which four bases 
of proper consistency were selected for the prep- 
aration of sterile acriflavine ointments. 

The bacteriostatic activity of the sterile acri- 
flavine emulsion ointments prepared with the se- 
lected bases is equivalent to that obtained with 
greaseless starch glycerite base with equal con- 
centrations of acriflavine. It was confirmed that 
the least effident concentration of acriflavine in 
water-miscible ointments is 1% vhich equals to 
3,.55 millimole %. 
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A Study of* Meprobamate-Curare Interaction* 

By JAMES W. INGALLS, Jr.f, and LEO GREENBERG 


Since both meprobamate and curare working 
through different sites and modes of action 
can produce the same gross effect of skeletal 
muscular relaxation, the possibility of syner- 
gistic interaction was investigated. The ex- 
istence of such synergy has been demon- 
strated as an increased effectiveness and/or 
toxicity of curare in guinea pigs, rats, and 
mice pretreated with meprobamate. 

A LTHOUGH meprobamate (Miltown, Equanil. 

2-methyl-2-7/-propyI- 1,3-propanediol dicar- 
bamate) was synthesized (1, 2) and originally 
investigated as a muscle relaxant (3-5), that 
aspect of its pharmacology was soon overshad- 
owed in the public attention by its usefulness as a 
tranquilizer (C-S) Many clinical and labora- 
tory investigators, however, have maintained 
interest in the muscle relaxant properties of this 
drug 

Clinical experience has shown beneficial re- 
sponses m patients with cerebral palsy (9-1 1) and 
in patients with skeletal muscle spasm (12) 
Improvement has been seen in the general mus- 
cular coordination of patients and in their ability 
to perform tasks (13). In studies with labora- 
tory animals, meprobamate has been used to 
control experimental epilepsy (14), and it has 
been shown that the muscular relaxation from 
meprobamate is potentiated by phenobarbital 
and extract of h 3 'oscyamus (15, IG). 

Investigation of the interaction between 
nieprobamate and other drugs is of considerable 
import, not only because of the widespread use 
of the drug as a tranquilizer, but also because 
of the growing tcndencj' to administer two or 
more drugs of the therapeutic armamentarium 
concomitantly Such investigations have been 
underway at our laboratories since 195G (17). 

Study of interaction between meprobamate 
and curare seemed desirable from a practical 
viewpoint because curariform drugs are com- 
monly employed in medical practice They are 
established agents as adjuncts to general an- 
esthesia as veil as m conmilsive shock procedures 
in psj’chialric therapy Furthermore, numerous 
European papers have recommended meproba- 
mate as a preancsthetic medication in obstet- 
rics (e g , IS), and it is evident that occasional 

* Rcc<!j\cd Ma> P IPHO from the Research Institute of 
Ihc BrooUjn OAlege ol Phtirtmc) . I.onR Island Unj\crsjl>, 
Rrooklj n IP, K V 

rrc’scntcd to Section Kp, A A A S , Washington meeting, 
December. 1058 

1 his study nas supported m part b> funds frntn the Amen- 
can roundation for Pharnncculical Ftfucatuto and m part 

a grant from Wallace I.aboratoncs 

to A PfcifTcr Post Doctoral Research Pgllow, 105C- 
IP'S 


obstetrical patients become surgical patients, 
requiring general anesthesia Jlcprobamate has 
also been suggested as a preoperative medica- 
tion (19). 

Pharmacologically, meprobamate and curare 
can produce the same gross effect of skeletal 
muscle relaxation but do so by completely 
different mechanisms (20, 21). Tubocurarine is 
a relativety short acting drug at the myoneural 
junction while meprobamate is a long acting 
drug in multineuronal circuits Theoreticall}-, 
sjmergj’ can be expected from two drugs which 
produce the same gross effect tlirough different 
sites of action (22) It therefore seemed probable 
that there would be an interaction between 
meprobamate and those drugs which interrupt 
myoneural transmission 

MATERIALS AND METHODS 

.\niiiials Mere obtained from different sources and 
Mere usually adult males They Mere fed com- 
mercial diets supplemented Mith fresh vegetables 
and kept in the thermostabcally regulated animal 
house for several Meeks prior to use For each com- 
parison conducted, the control and expenracntal 
animals used were from the same supplier, of the 
same sex, strain, and size range 

All drugs' Mere obtained in solution except for 
meprobamate M’hich u-as suspended in 6% acacia 
solution, and M'erc administered by intraperitoncal 
injection The doses used Merc Mitlun the range of 
those employed by a great many other Morkers 
(e g , 23. 24), the largest dose of meprobamate 
being 100 mg /Kg Since loss of righting reffes is 
an important criterion in tins stud\, it must be 
pointed out that in Imndrcds of experiments in our 
laboratories, this dose Mas complelclv mcffcctive 
in mduciiig a loss of righting reflex m guinea pigs, 
rats, and mice Meprobamate Mas alwaxs injected 
thirty minutes prior to administration of the ctirari- 
form agent after preliminary expcriiiients slioMcd 
Uiat simultaneous administration of the sloM’-acting 
meprobamate Mith the rapidly-acting curariform 
drug Mas impractical 

Experiments M-ere abiajs conducted Mith paired 
groups of animals on the same day Times Mere all 
taken to the nearest minute The time for onset of 
parahsis Mas recorded Mhcn the righting reflex of 
the head Mas lost, and tlic time of recovery Mas noted 
at the reappearance of this reflex The time of dc.ith 
Mas recorded at the cessation of heartbeat. 

When there Mere qualitative differences in re- 
sponses. the signific.aiicc of difference bctMcen pro- 
portions Mas calculated. When qualitative re- 


> rf-Tubf>curannc chlondc (Tnbinno, Burroughs Well 
come), dimethjl tubocuranne chloride (Mccostnn, SQUibb), 
dimethyl tubocuranne iodide (Metubinc, l.ili>), Chondo^ 
drndron tomfntosum extract (Intocostrm, Squibb), and mepro 
bnmate (Miltoirn, Wallace) were supplied through the covir* 
tesj of iheir manufacturers 
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Table I. — Meprobamate and Curare in Male Guinea Pigs 


ol4 


Treatment, 
mg /Kg Except 

No t)f 

No 

UfTect 

Paralysis 

and 

Paralvsis 

and 

Type Ssnergy and 
Significance 

Intocostnn. Units/Kg 

Animals 

Paralj ms 

Recovery 

Death 

2.0 Intocot.trin 

10 

10 

0 

0 

Increased cITcct 

100 Miltown + 2 Intocostriu 

10 

5 

4 

1 

P < 0.02 

O.Oo Mccostriii 

10 

10 

0 

0 

Increased cITcct 

100 Miltown + 0.05 Mecostrin 

10 

0 

9 

1 

P < 0.001 

0.1 Mctubinc 

20 

2 

7 

11 

Increased to\icitv 

100 Miltown + 0.1 Mctubinc 

20 

T 

1 

18 

P < 0.05 

0.4 Tubarine 

10 

0 

5 

5 

Increased toxicitv 

100 Miltown + 0.4 Tubarine 

10 

0 

0 

10 

P < 0.02 


The number of animals afTected was sjpnificantly increased when mcprobam He was combined «ilh Inlocostrm or Mcciistri n 
and the number of deaths was sijrnificantly increased when meprobamate was combined with the other two druKs 

Table II. — Meprobamate and Curare in Male Mice 


Treatment 
mg /Kg Except 

Xo of 

Xo 

EfTcct— 

Paralysis 

and 

Paralysis 

and 

Tvpe Synergy and 

Intocostnn, Units/Kg 

Animals 

Paralysis 

Recovery 

Death 

Significance 

4.0 Intocostriu 

10 

7 

0 

3 

Increased to.xicitv 

100 Miltown + 4 Intocostriu 

10 

0 

1 

n 

P < 0.02 

0.4 Mecostrin 

10 

9 

1 

0 

Increased toxicity 

100 Miltown + 0.4 Mecostrin 

10 

0 

3 

7 

P < 0.01 

O.G Mctubinc 

10 

5 

1 

4 

Increased effect 

100 Milton n + 0 G Mctubinc 

10 

0 

4 

G 

P < 0.02 

0.4 Tubarine 

10 

10 

0 

0 

Increased toxicity 

100 Miltown +04 Tubarine 

10 

4 

0 

G 

P < 0.01 


The number of animals affected was significantly increased when mcjirobamatc was comtuned witli Mctubinc. and the 
number of ilcaths was significantly increased when meprobamate was combined with the other three drugs 

Table III.—Meprobamate and Curare in Male Rats 


T rctitrncnt 
mg /Kg Htcopt 

Ni. <if 

Xo 

— ^-f^cct — 
Paralysis 
and 

I'aralysis 

and 

'1 > pi* S>ncrK> itiPl 

Intocostnn Units/ Kg 

Amlit.iK 

Paral> sis 

Recovery 

Death 

SiRmficnncr 

4 0 [ntocostrin 

7 

(1 

0 

7 

Decreased onset 

100 Miltown + 4 Intocostriu 

7 

0 

i) 

7 

time P < 0.05 

0.1 Mecostrin 

10 

(1 

0 

H) 

Decreased survival 

100 Miltown + 0.1 Mecostrin 

10 

D 

U 

10 

lime P < 0.001 

0 01 Mctubinc 

10 

Ifl 

U 

0 

Increased effeel 

100 Miltown + 0.01 Mctubinc 

10 

f) 

1 

I 

P < 0.02 

0 2 Tubarine 

11 

U 

s 

3 

Increased loxiciU 

100 Jliltown +02 Tubarine 

11 

U 

s 

s 

J’ < 0.05 


The number of .iniin.tls .ifTcclcil w.is signific.iiitU imriMscd when tneprob.iTn lU* w.is eoinhinrd witli Mciubine niiil llir 
number of deaths was significantly intreased w hen luejirobaniatc w.i> combined with 'I ub irinc I he time of onset of at Inm 
of ."> 1 ±0 .■» minutes for intt>coslrin was sjgnificanll> reduced to .1 I + 0 t miniiti s by pret real men t w ilh mcprobamiite 'I In 
length of time «if sur> ival of 10 t ± 0 1 minutes for Mccostrm w'us rciluced to l» 1 i 0 7 minutes by prctreatrnenl with rnepro 
Itamate 


Table 1\' Acui l Toxici i \ Tuharine Alonl and 
Follo\\tng Pretreatment \\^ith Miltowx 
(Groups 10 Guinea Pigs) 


Table V. --CRusbovi.R Treatment in Temalic 
Rats 


I'’fTcct 

Pond- 

ysis 
and 
Death 



-Tubarine— 


100 m; 

g /Kg. Miltown -b 




Parab 





Tubarine 





ysM 



LD«. 



LDy>. 



Xi> of 

and 


Mor- 


mg / 

Mor- 

mg / 


TTcatnicnt, 

Ani 

Kcc<iv - 

mg./Kg 

tabty 

Kg 

Kg 

tabty 

Kg 

Croup 

mg /Kg 

mals 

ery 

0 30 

0 


0 10 

1 



0 2 Tubarine 

K 

7 

0 35 

2 


0 20 

4 


B 

100 Miltown 

s 

3 

0.40 

o 

0 42 

0 30 

G 

0 24 


+ 02 Tu- 



0 45 

G 


0 40 

10 



barine 



0.50 

7 





A Survi- 

100 Miltown 

7 

0 


1 


The difTerence between the means of the doses lethal for 
animals pretreated with meprobamate and those not pre 
treated is ver>’ highly significant with P < 0 001 This may 
be interpreted to mean that pretreatment with 100 mg /Kg 
meprobamate thirty minutes before administration of Tuba- 
rine was equivalent to a increase in the dose of Tiibarine 

spoii'ics \\crc the ‘^inie for all aiiimaR (if Inth p'oiips 
(c. K , all were luraly/ed and rtcovcrtd, (ir all dkd), 
/ tests were applied to deiiioiistrale tlie sipiifie.inte 
of quantitative difTercnces The times for oii'-et of 


B Survi- 
vors 


barine 

0 2 Tubarine 


Pollowing tlie initial treatments the di/Terencr in per- 
centage fatalities was not significant, but there was a sjgnifi 
cant iliflcrence in times of onset of pdral>sis for the (wo 
groups, with P < 0 OJ W’hrn the rriiss^iser was d<inr three 
<1 <> s I Iter, nil animals whit h hail siirvis e«f tidM»ciirarin^ aJonr 
were tiilrd li> the ronibiuation, and no animil winch had 
stirMvtt! the combinati<»fi was lill'-d b> B*/" tnlaa iirariri' 
abirie, P < f) 01. 
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Table VL — Effects of Small Doses ok Ouixea Pigs and Rats 


Efltecl- 


Treatment, mg./KB. 

Species 

25 Miltown •+• 0.2 Tubarine 

G. P. 

50 Miltown -1- 0.2 Tubarine 

G. P. 

75 Miltown -f 0.2 Tubarine 

G. P. 

0.1 Tubarine 

Rat 

50 Miltown -h 0.1 Tubarine 

Rat 

100 Miltown -f 0.1 Tubarine 

Rat 

0.2 Tubarine 

Rat 

50 Miltown -b 0.2 Tubarine 

Rat 




Faratysis 

Paralysis 

Xo. of 

Xo 

and 

and 

Animals 

Paralysis 

Recovery' 

De.atU 

7 

7 

0 

0 

7 

6 

1 

0 

7 

3 

4 

0 

S 

S 

0 

0 

S 

e 

2 

0 

s 

5 

2 

1 

8 

3 

3 

2 

8 

0 

4 

4 


With guinea pigs, results from pretreatment with 50 mg./ICt were not significantly greater than with 25 mg, /Kg., nor were 
results with 75 mg./Kg. significantly greater than with 50 mg./Kg., but pretreatment with 75 mg./Kg. was significantly more 
effective than with 25 mg./Kg , P < 0.05. Although tbc.se combinations were apparently nontoxic, none was consistently 
effecliv'e, and since 100 mg. /Kg. meprobamate plus 0.2 mg /Kg.. Tubarine had previousU' killed 40% of the te.st animal.s. it 
did not appear worthwhile to pursue the search for a combination of dosages that would be both consistently ef- 
fective and uniformly safe in guinea pigs. With rats, there was likewise no substantial margin of safety; no combination 
which could be relied uiion to produce paralysis without producing deaths. 


paralysis, duration of paralysis, and survival arc re- 
corded as the mean time plus or minus the standard 
error. 


RESULTS AND DISCUSSION 

Synergy between meprobamate and curare in 
guinea pigs, mice, and rats can be seen from the re- 
sults given in Tables I, II, and III, 

In addition to the synergistic effects previously 
recorded, a change in the LDm can be demonstrated 
by expanding the range of doses, as illustrated by 
Table IV. 

A coraparisou of the results in the previous table 
shows that a nontoxic dose of meprobamate (lOD 
uig./Kg.) followed by a nontoxic dose of tulmcu- 
rarinc (0.1. 0,2, 0.3 mg./Kg.) formed a highly danger- 
ous combination for these guinea pigs. When cross- 
over tests were conducted to compare the uction.s of 
curare alone and curare after meprobamate in the 
same animals, the results were always the same; the 
combination of drugs was more effective, i. e., more 
toxic. This tvpc of response is illustrated in Table 
V, 

In the hope that a reliably effeclivc, nontoxic com- 
bination of doses might be obtained, smaller doses of 
meprobamate were used as pretreatmeuts, and pre- 
treatments were given before smaller doses of curare. 
This type of experiment is illustrated by Table VI. 

U was, however, possible to observe a subpara- 
lytic interaction of the drugs. That is,a doseof tubo- 
curarine which had no subjectively determinable 
effect on rats could be seen to produce muscular re- 
laxation in rats which had been pretreated with a 
small dose of meprobamate. When rats were given 
0.15 mg./Kg. tiiboeurarine, there was no obvious 
gross effect on tlie imisculaturc or activity. At Uie 
same time, rats pretreated witli 20 mg./Kg. mepro- 
bamate were given 0,16 mg./Kg. tubocurarinc and 
although none of this group became paralyzed, their 
musculature and activity were both affected. These 
latter animals flattened down in the bottom of the 
cage and could be pushed about readily by hand, 
although they resisted being placed on their sides. 
The amount of meprobamate used in this e.xperiment 
docs not in itself have a grossly demonstrable effect 
on the skeletal muscle of the rat. 

Apparently this synergistic type of action with 
meprobamate is not ruiiitccl to the eururcs, but e.v- 
tends to the ciirarimimctic drugs. Thus, we have 
seen significant inlcracthm with snccinylcUoUne 


chloride s.nd with gallantinc triraetliiodide, and pre- 
sume that it is a general effect. 

SUMMARY 

The studies described have demonstrated the 
sjTiergy between meprobamate and curare. TJte 
toxicity from a given dose of curare was increased 
in animals which had been pretreated half an 
hour before with a nontoxic, nonparalytic dose of 
meprobamate. 

During these studies, no combination of 
dosages of these drugs w.'is encountered which 
would paralyze all animals wtUioiit killing any. 

It was possible, however, to obsen'c a mm- 
paralytic decrease in skeletal muscle tone of the 
rat after a combination of a low, ineffectual dose 
of meprobamate folloived by a low, incffceUiul 
dose of tubocurarinc. 
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Isotonic Solutions VHP 

The Permeability of Red Corpuscles to Various Salts of 

Gluconic Acid 

By HOWARD C. ANSELf and WILLIAM J. HUSA 

A comparison svas made of van’t Hoff i salues calculated from hemol)lic and freez- 
ing point data for tarious salts of gluconic acid. Sodium, potassium, and man- 
ganese (II) gluconates gas e higher / salues by the hemolytic method than by the 
freezing point depression method; iron(II) and cobalt(II) gluconates gase lower 
i salues by the hemoljtic method. Magnesium and calcium gluconates gate higher 
i salues by the hemolytic method with human er>'throcytes but not with rabbit eryth- 
rocytes. Zinc gluconate gase extremely high hemolytic / \alues due to the partial 
precipitation of the o.xyhemoglobin liberated from laked erj-throc)tes. Hemolytic 
/values of the gluconates were generally lowered when determined in the presence 
of sodium chloride. Er)’thro^tes from Negro donors were, on the aserage, more 
resistant to osmotic hemolysis than those from Caucasian donors. Results sub- 
stantiate the premise that solutions calculated to be isosmotic with blood according 
to colligative property data are not necessarily isotonic to the red corpuscle. 


I 'he adjustment of solutions intended for 
intravenous administration to the same 
lonicit)' as blood is of utmost importance The 
advantages of emploving the hemolytic method 
m tlie preparation of such solutions have been 
emphasized by Husa and co-workers (1-7) 
They pointed out that the osmotic effect of a 
substance on the erytlirocyte depends not only 
on the concentration of the substance but also 
on whether or not it penetrates or affects the 
properties of the cell membrane Thus, solu- 
tions calculated to be isosmotic with blood ac- 
cording to physicochemical data arc not ncces- 
sarilv isotonic to the red blood cell 

Cadwallader and Husa (S) rccentlv reported 
that zinc acetate gave unusuallv high hemolytic i 
values, much bev'ond that calculated from col- 
ligatiic propertv data Their work coiiiplc- 
mented tliat of Hartman and Husa (■!), who found 
similarlv high hemolytic / values fur zinc sulfate 
The primary purpose of the present work was 
to investigate the elements closely related to 
zinc in the periodic table to detennine whether 
or not their action paralleled that of zinc -Added 
interest in the investigation was stimulated bv 
the fact that these elements, i. e , copper, cobalt, 
iron, and manganese, along with zinc are so- 
called “trace elements,” essential to human nu- 
trition To obtain a comparative picture of the 
activities of these elements, they were all em- 
ployed as salts of gluconic acid. Sodium, po- 

• Recto td Mav S, 1159 . from the CoIIecc of Pharmac> 
Unoersitj of Flonda Gainesrillc 
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tassuiin, magnesium, and calcium gluconates 
were also studied and their hemolytic i values 
dctenuiiicd The i values obtained bv tlic hcnio- 
I> tic method were compared to i values c.ilcu- 
latcd from freezing point depression data col- 
lected in this laboratory. 

EXPERIMENTAL 

Collection of Blood. — The rabbit ami Imiiiaii 
bloods cmplotcd in this investigation tterc obtained 
in the manner described by Grosicki and Husa (2) 
The lunnan blood t\as drawn chicflv from the veins 
of the arms of a twentj -fivc-v ear-old male, al- 
llioiigli some cvperiincnis were conducted emploj itig 
blood donated bv male volunteers 

Preparation of Solutions. — ^Soliitions of the clicnn- 
cals were prepared bv pl.icing the proper .iniounts 
m eolumctnc flasks which were then brought to 
volume with tripIe-distilled water An .ifiprovi- 
m.ite concentration r.iiigc w.is dcttrimned for c.ich 
gluconate bv conducting .i prehmiii.irv exficriiiiciit 
ill winch the conccntr.ition of glucoii.ite just sufli 
cicnt to prevent heinolvsis .iiid the inavimiiin con- 
centration present without the prevention of heinolv • 
SIS constituted the limits of the desired r.ingc 
\arious intcrmcdi.ite concentrations were then pre- 
pireel and the experiment carried out All of the 
chemical concentrations were calcul.itcd in terms of 
the aiihvdrous s.dt 

Quantitative Determination of Per Cent Hemoly- 
sis. — The method used to determine the degree of 
heniolv sis vv.is tliat of Hunter (9), .is ad.iptcd for the 
determination of i v.ilues of silts forming colorless 
solutions bv Grosicki and Hus.i (2) Several 
glucon itcs studied in the present inv estig.ition 
formed colored aqueous solutions, eg, cobdtfllj, 
copper(H), ironfll), and in ing.inese(H) gliico- 
nites I'or the quantitative deternnn.ition of the 
per cent Iicmolvsis when studving such solutions, 
one of two methixis w.is einplojed defieriding on 
whether fir not tin color of the ghieon ite sohition 
profluced an .idfhtive colorinietric re.ifhng with 
o\v hciiuiglobin solution 

In the first inetiKHl. oxj hemoglobin solution jire 
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pared by laking erj throcytes in triple distilled water 
was added m like amounts to each of two color 
imeter tubes, one containing 5 ml of triple distilled 
water and the other containing 5 ml of the gluco 
nate solution To a third tube, containing 5 ml 
of the gluconate solution, a portion of tnple dis- 
tilled water equal m volume to the ovjhemoglobm 
solution placed in each of the first two tubes was 
added The colorimetric reading of the third tube 
added to the reading of the tube containing onlv 
water and o\yhemoglobm w as compared to the read- 
ing of the tube containing the ovj hemoglobin and 
the colored gluconate solution, if the readings 
agreed within e\penraental error, the two colors 
were considered to be additive If this were found 
to be the case, colorimeter readings of the gluconate 
solutions were taken before the addition of blood 
and served as blank readings These blank read- 
ings subtracted from the colorimetric readings ob- 
tained at the end of the hemolytic experiment per- 
mitted an accurate determination of the proportion 
of light absorbed bj the oxj hemoglobin present in 
the supernatant liquid 

IS the colorimetric readings oS the onj hemoglobin 
and the gluconate solutions were not found to be 
additive, the second of the two methods devised was 
cmplojed In this method the per cent hemolysis 
was determined bj difference, that is, from the pro- 
portion of oxj hemoglobin reraainmg in the unlaked 
erjthrocjtes The standard procedure used when 
emploxing colorless solutions was earned out until 
just prior to the time that the colonnietric readings 
were to be taken Instead of taking the readings, 
the supernatant solution, containing the colored glu- 
conate and OXJ hemoglobin from laked cells, was 
meticulouslj decanted from each tube, being careful 
not to disturb the unhemoljzed cells spun to the 
bottom of the tubes The unhemoljzed cells were 
then washed with 0 85% sodium chloride solution, 
rccentrifugcd, and the supernatant liquid decanted, 
the process being repeated until tlie washings were 
free of color The supernatant liquid of the last 
waslimg was replaced with 0 1% sodium carbonate 
solution added to a mark etched on the colorimeter 
tube, denoting a xoluine of 505 ml The tube was 
inverted several times to insure complete hemoh sis, 
the ghost cells centrifuged down, and the resulting 
color read w ith the colorimeter B j subtracting the 
axcrage reading of two duplicate tubes from the 
average reading of 100% heniolj sis, the colonmetric 
value of the oxihcmoglobui exuded from the cells 
originally hcmoljzcd in the gluconate solution was 
obtained F rom this value the per cent of hemolj sis 
was calculated m the usual manner (2) All of the 
hcmoljsis experiments were conducted at 37° ± 1° 
Calculation of i Values from Per Cent Hemolysis 
Data. — The cilcuHtion of hemoh tic i xalues has 
been expl lined b\ IJusa and co workers (2, 3) 
Determination of Metal-Protein Precipitation, — 
To aid 111 the interpretation of certain hemoh tic i 
xalues, tests were (xirricd out to determine whether 
or not precipitation occurred when solutions of oxx- 
hcmoglobm were added to solutions of the glu- 
conates One % solutions of each gluconate were 
separateh mixed with equal portions of oxjhcmo 
globni solution prepared bx lakiiig w ashed crx thro 
cx tes, allowed to stand iii a water bath at 37° for 
forlx fixe minutes, centrifuged, and obserxed for 
cx ideiicc of precipit ition During the course of a 


hemolj tic run, such precipitation would cause the 
colorimetric readings to be proportionallx lower than 
those which xvould norniallj result from the propor- 
tion of oxx hemoglobin actualh released from the 
laked erj throcj tes 

Additional experiments were carried out to deter- 
mine whether or not serum proteins were precip- 
itated bj gluconate solutions Sermn was sepa- 
rated from blood cells bj centrifugation and added 
in like portions to 1% solutions of each gluconate 
The mixtures w ere obscrx ed repcatedh forfortx fixe 
minutes during which time thex xxere in a xvatcr 
bath at 37° 

Freezmg Point Determmations.— -The apparatus 
used to determine the freezing points of 0 010 molal 
(for calcium gluconate) and 0 025 molal gluconate 
solutions was that of Bartlej (10), as modified bx 
Husa and Adams (1) The axerage freezing point 
depression of water for ten samples of each glu- 
conate solution was determined and the xan't Hoff 

1 X alues calculated according to the follow ing fornmla 

AT/ = K/tM 

XX here AT / is the change m the freezmg point of xx atcr 
after the addition of solute. A'/ is the molal freezmg 
point constant of water (1 Sfi), i is the xan’t Hoff 
factor, and is the molahtx of the solution 

RESULTS AND DISCUSSION 

Results With Sodium and Potassium Gluco- 
nates,— -Emplox mg the hciuolxtic method, sodium 
and potassium gluconates gax e higher i x alucs than 
xxould be e,xpected for compounds x lelding two ions 
Freezing point information indicated that each of 
these gluconates acted normallx , i e , as slightly less 
than two particles, see Table III 

Sodium gluconate exhibited an axcrage i xalue 
of 2 27 using rabbit blood and 2 37 using human 
blood These xalues xxere lowered to 1 99 xxith 
rabbit blood and 2 07 xxith human blood when deter 
mined m the presence of 0 2% sodium chloride 

Potassium glucon.ate gaxe an axcrage i xalue of 

2 20 using rabbit blood and 2 28 using human blood 
These x alucs xx ere loxx cred to 2 05 x\ ith rabbit blood 
and 2 13 xxith human blood xxheii the dcterinin.v 
tions xxere conducted in the presence of 0 2*^ c sodmiii 
chloride, sec Tables I .ind II 

In solutions of some substances, crx throcj tes m ix 
lose clcctroljtc from xxithin the cell, thus causing a 
decrease in the internal osmotic pressure and a cor 
responding increase m resistance to hcmolxsis (2. 11, 
12) The exosmosis of crx throex tes in such solu- 
tions can be corrected iii some cases bx the addition 
of small proportions of an electrolx te, c g , sodium 
chloride (2, 12) 

The Ingh hemolxtic t xalues obtained for sodium 
and potassium glucon.itcs max be attributed to 
cxosinosis of electrolx tc from xxithm the crx thro 
extes The lowering of the i xalues upon the addi 
tion of sodium chloride nnv be due to the partial 
restoration of the cnx iromnent norm il to the red 
blood cells 

Results With Calcium and Magnesium Gluco- 
nates — The hemolxtic i xalues for calaum gluco- 
nate. calculated from concentrations causing 25, 50, 
and 75% hcmolxsis of human erx throex tes. in- 
creased bx approxiimtclx 0 2 (2 54 to 2 72) going 
from 25 to 50% hemoh sis and another 0 2 (2 72 
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TaHLE I. — VALE’ES of /■ FOR ^'ARtOt’S Glucon’ates 
Cai-Cueateo from Concentrations Causing 25. 
50, AND 759c Hemolysis of Rabdit Erythrocytes’ 




Ilcmolvsi*;. 

r* 


Gluconate 

2.-. 

oO 

V •> 

AvcmRcs 

Sodium 

2.18 

2.20 

2.30 

2.27 

Sodium’’ 

1.9G 

1.97 

2. 05 

1.99 

Pot.assium 

2. 19 

2.24 

2.34 

2.20 

Potassium’' 

2.00 

2.07 

2 OS 

2.05 

Magnesium 

Magnesium’' 

2. 48 

2,04 

2.70 

2,6.3 

3.03 

3,19 

3 30 

3. 17 

Calcium 

2.112 

2.40 

2,. 50 

2.41 

Calcium’' ' 
Manganese 

2.89 

2.90 

3.12 

2.99 

(If) 

Manganese 

2.48 

2.. 54 

2.02 

2 55 

(fl)^ 

2.04 

2. IS 

2.30 

2. 19 

I ron( 1 1 ) 

1.22 

1.28 

1 32 

1.27 

lrou(II /' 

0.93 

1 11 

1 . 09 

1 24 

Coball(II) 

2 21 

2 27 

2.48 

2 .*52 

Zinc 793,00 

933.00 

1027.00 

918.00 

” Unlc«is othcrwi'te indicated all i 

values represent an 

itverace of two blood samples 



Values determined in 

the presence of 0 2% sodium 

chloride 





^ AveraRe of three blood 

samples 



Table II — Values of i for 

Various Glu- 

coNATES, Calculated from 

Concentrations 

Causing 25, 50, 

AND 

75% Hemolysis op Human 


Erythrocytes" 





Hemolysis, 

7 , 


Gluconate 

2o 

rjO 

t ‘t 

Averages 

Sodium 

2,32 

2.30 

2.42 

2.. 37 

Sodium’' 

2.01 

2.07 

2.14 

2.07 

Potassium 

2.20 

2. 28 

2.. 30 

2.28 

Potassium'' 

2.08 

2 .I 3 

2 18 

2 13 

Magnesium' 

3.30 

3.94 

4.09 

4.00 

Magnesium’' 

3..'J4 

3 40 

3.. 50 

3.43 

Calcium 

2., 54 

2.72 

2 95 

2.74 

Calcium’' 

2,41 

2,. 50 

2 . 8U 

2.02 

Manganese(II) 

2.04 

2.70 

2.70 

2.70 

Manganc.sc(ll )'' 

2. 28 

2.37 

2 47 

2.37 

(rou(H) 

1 45 

1 . .58 

1.79 

1.01 

Iroii(II)'' 

0.74 

1.12 

2.. 50 

1.47 

Col)alt(II) 

1.98 

2.08 

2. 18 

2 OS 

Zinc 

./ 

499.00 

000.00 

.5.82,00 


« Unless nlhcrwisi: indicated all i values represent an 
jivcrajic of txsn bU»y<l samples 

f' Values <]elermincd in the presence of 0 2'/? smliuin 
ehlori<Ie. 

«* Averace of three Idood samples 

Data unobtainable at hemolysis 


to 2.95) going from 50 to 75% hemolysis. A 
similar observation was made by previous investiga- 
tors of ealcium gluconate, acetate, and levulinalc (5). 
This steady increase did not occur wlicn the j values 
for calcium gluconate were determined in the jircs- 
ence of 0.2% sodium chloride, sec Table II. 

Hemolytic i values for calcium gluconate ob- 
tained with rabbit blood increased by appro-viinately 
0.1 (2.32 to 2.-10) going from 25 to 50%, hemolysis 
and by another 0.1 (2.40 to 2..50) going from 50 to 
759c hemolysis. Increases of similar magnitude 
occurred when the determinations were conducted 
in the presence of 0.2% sodium chloride. 

The presence of 0.2% sodium chloride causetl an 
increase in the i values for calcium gluconate using 
rabbit blood and a decrease in the i values when 
human blood was employed. In this resiiect, mag- 
nesium gluconate acted similarly to calcium glu- 
conate. 


Table III. — Values of i for Various Glu- 
conates, Calculated from I'reezing Point 11.\ta 
Obtained With a Modified Hartley .■Xffaratu.s’ 


Gluconate 

Average Frecring 

Point 

Depression, 

1 

Value 

Sodium 

0.087 

1. 87 

Potassium 

0.085 

1.8.'! 

Magnesium 

0. 130 

2.80 

Calcium' 

0,0.50 

2.09 

Mangancsc( 1 1 ) 

0. 102 

2. 10 

Irtm(II) 

0. Il l 

2.45 

Cobalt( 1 1 ) 

0.112 

2.41 

Coppcr(ll) 

0.009 

1.48 

Zinc 

0,119 

2.57 


" Ifnlcss otherwise* iiuIicAtod elatii uere from 0 (IJ.'i 

inotat Ktuconatc sohitions* 

Data obtained from 0 010 innlal .solutions 

The / values obtained for magnesium gluconate 
were higher in every analogous case than those ob- 
tained for calcium gluconate. Em|)loying human 
blood, an average i value of 4 00 was obtained for 
magnesium gluconate which w.as reduced to 3.43 
when determined in the presence of 0.2‘^ sodium 
chloride. These i values are much beyond that 
calculated tor magnesium gluconate from freezing 
point data, i';: 2 80. Using rabbit blood, the i 
values for magnesium gluconate increased from 2,03 
to 3.17 when the determinations were carried out in 
the presence of 0,2' ( sodium chloride 

Under normal couditious, calcium does not peite- 
trate the red blood cell (13) .-Iccording to J’onder 
(14) there is considerable e.vchange of internal po- 
tas,simu for alkaline earth metals in hutuau cells 
under certain comlitious. Davsou and Danielli (15) 
noted the difference in the resjnmse of the eat 
erythrocyte membrane to sodium and potassitmi per- 
meability in the iirescnee of the alkaline earths; they 
showed that tonicity chtmges were responsible for 
only a portion of the abnorniid rejietions of the 
membrane The solidifying influence of calcium has 
often been noted (Hi); the alkaline earths were said 
to thicken the erythrocjte membrane by forming 
insoluble salts with the i)hosi>lialide acids of the 
cell wall (17) Danielli (IS) mentioned that there 
is a good de.d of cvitlence that substances such as 
magnesium !ict primarily on cell surfaces, in some 
way modifying the excitability of the cells 

It is not unlikely that the results obtained for 
iiuignesium and calcium gluconates were largely 
due to the action of the cations on the cell mem- 
brane, in some manner altering the normal perme- 
ability characteristics of the cell. The presence 
of 11.2' f sodium chloride along with the alkaline 
earth gluconates seemed to promote exosniosis of 
rabbit erythrocytes and to prevent it with human 
erythrocytes 

Results With CobalKlI) and Mangancse(II) 
Gluconates. -Cobalt(lI) gluconate gave i values of 
2 32 using rabbit erythroc>Tes and 2.t).Su'ith hmnan 
erx’throcytc.s; freezing point data indicateil an i 
x’alue of 2.41. The lower i values obtained by the 
heniolytic method may be attributed, in part, to the 
acidity of the cobalt! II) gluconate solutions (alsiut 
pH 5); such acidity could cause hemolysis inde- 
pendent of the osmotic pressure of the solution. In 
sjilutions containing () iV"i s^Klinm chloridt- ami 2',, 
coball(II) ghicon.ile. there uas approviin.iU-l> lb', 
hemoijKi^of hmii.m er> thriM-\ It-- and e^^mliilly le# 
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hemoljsis of rabbit erjthrocites, the hemoljsis of 
the human erjthrocjtes uould be necessanh due 
to something other than osmotic effects and could 
account for the lower hemoljtic j values obtained 
with human blood than with rabbit blood 

Manganese(II) gluconate ga\e i values of 2 55 
with rabbit enthrocjtes and 2 70 with human 
erj throes tes In the presence of 0 2% sodium 
chloride, the t values obtained using each blood 
tjpe were lowered bj approNimatelj the same 
amount, i e , 0 33 w ith human blood and 0 36 
using rabbit blood The low er t values more closelj 
resembled the i value obtained for manganese(II) 
gluconate bj the freezing point depression method, 
VIZ , 2 19 

Results With Iron(II) Gluconate. — Emploiing 
the hemolytic method, iron(II) gluconate gave i 
values of 127 with rabbit blood and 161 with 
human blood These t values were lowered to 1 24 
using rabbit blood and 1 47 ivith human blood 
when the determinations were earned out in the 
presence of 0 2% sodium chloride These t values 
are all lower than w ould be e vpected for a compound 
j leldmg three ions, an i value of 2 45 w as calculated 
for iron(II) gluconate from freezing point data 
Throughout the course of this m\ estigation, there 
was a tendencj to be doubtful of the stability of the 
iron(Il) gluconate solutions Stone (19) stated that 
although iron(II) gluconate is stable in the solid 
state. Its solutions are rather unstable They are 
prone to ovidation, with iron(II) changing to iron 
(III), the rate of transformation being dependent on 
the pH, temper.ituro, degree of aeration, presence of 
oNidizmg or reducing .igents, etc 0\id.itioii causes 
.1 darkening of the solutions, a characteristic which 
would make certain colorimetric assays unrehable 
An iron(II I) compound of unknow n composition has 
been found to precipitate from aqueous solutions of 
iron(II) gluconate ,is a result of a photochemical 
reaction 

Although iroii(U) gluconate solutions were pro 
p ired just jirior to use, prccijiitates w ere occasioinlly 
noticed in the colorimeter tubes during some c\ 
IKnmeiits These brow ii colored jirccipitatcs gener 
alU occurred in the iron(II) gluconate blood im\ 
lures containing the low cr proportions of the iron(Il ) 
salt If a jiurtion of the iron(I I ) gluconate w ere pre 
eipitated as an oNidizod form, few er particles w ould 
be m solution to aid iii the preiention of osmotic 
hemolysis, the resulting data would indicate less 
protection and thus a low i value 

The binding of iron(II) gluconate by plasma pro 
teiiis (e. g. beta globulins), with or without pre- 
cipitation, would decrease the number of particles 
in solution and the resulting t \alucs would be lower 
than e\pccted The pH of the iron(Il) gluconate 
solutions was aiiproNiiiiatcU 4 5, reiiniiiing about 
the same during the course of each determination, 
this acidity could account, to a small degree, for the 
low t values In the presence of 0 6% sodium 
chloride, iroii(II) gluconate seemed to cause appre- 
ciable hemoly sis of human cry throcy tes but not of 
r.ibbit cry throes tes, in tlic e\pcnmcnts employing 
human blood, how e\ er, precipitation w as obsers ed 

Results With Copper(II) Gluconate. — Copper(II) 
gluconate m concentrations of from 1 to 10% seemed 
to c.uise dcnatnration of blood, o\\ hemoglobin re 
k ised from laked erithrocites turned brown .is did 
the imheniohzed red blood cells The jilI of the 


copper(II) gluconate solutions was approNimateh 
4 0, this pH remaining fairh constant for the dura- 
tion of the expenments Bloch and Oelsner (20) re 
ported that at pH 3 0 hemoglobin is instantaneousli 
converted to brown hematin, at pH 3 S it is con 
\ erted w ithm tw ent\ fie e minutes, and at pH 4 6 
the formation of hematm is incomplete within 
twenty -four hours Thei stated that the rate of 
conversion is directh proportional to the hvdrogen 
ion concentration 

In the tests conducted to determine the protein 
precipitating action of copper(II) gluconate, it was 
found that both rabbit and human blood serum 
protein were precipitated to a certain extent b\ this 
gluconate The coppcr(II) gluconate serum pro 
tern precipitate rcdissohed on standing (and in- 
stantaneously on agitation) and was milk-white m 
color The addition of alkali to the copper(n) glu- 
conate serum mivture resulted in a v olmninous pre 
cipitate Ressler, ct al (21), found that copper 
combined in definite proportions with the albumin 
and gamma globulin of blood serum 

Although hemolvtic i v'alues were unobtainable 
due to the darkening of the blood, freezing point 
data gav e an t value of 1 48 for copper(ll) gluconate 
winch was appreciabh lower than the usual value 
of 2 70 for a compound v leldiiig three ions 

Results With Zinc Gluconate. — ^Emploiing the 
hemolytic method, evtremely high i values were 
obtained for zinc gluconate The values of i at 
concentrations causing 25, 50, and 75% hemohsis 
of rabbit erythrocytes were 793, 933, and 1,027, 
rcspectiv eh , w licrcas concentrations causing 50 and 
75% hemolysis of human crythrocvtcs showed t 
values of 499 and 686, respectii eh \ alues of t at 
25% hemolysis of human erythroevtes were un- 
obtainable 

Throughout the courst. of this mv estigation, un 
usu.il behavior was noticed between blood and zinc 
gluconate solutions Blood .ippcarcd to agglutinate 
as it was added to colorimeter tubes coiitaimng sola 
tions of the zinc salt, at the simc time, a milk 
white formation presented itself around the blood 
Before inverting the tubes (to imv their contents) 
.a layer of clc,ir ovv hemoglobin solution w.is ob 
served at the bottom of some of the tubes, after m 
verting the tubes, the contents became umforrah 
opaque A sediment w as observ ed at the bottom of 
each tube after centrifugation which was of a 
V olume greater than could be attributed to the small 
proportion of blood added The substance was of a 
reddish color (resembling cosmetic rouge) and was 
amorphous under the microscope The degree of 
hemolysis was determmed in the usual manner and 
the I values calcu! ited according to the general 
methods 

Ovv hemoglobin solution w as partialh precipitated 
when placed m contact with a 1% solution of zinc 
gluconate The precipitate was soluble below pH 
5 5 and above pH 10 0, it appeared to be least 
soluble at about the neutral point Ovv hemoglobin 
solutions prepared from human erv throcy tes acted 
in a similar manner Human and rabbit scrums 
were each precipitated m the presence of zinc glu- 
conate The white, curdv precipitates w ere soluble 
below pH 5 0 0\y hemoglobin was more elTcctiv ely 

jirccipit ited b\ zinc glucoii He when a proportion of 
scrum w.Ls jircscnl Also, when scrum .iiid ovv- 
hcmoglobm were sciiiralclv added to .i zme gluco- 
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n ite solution, the precipitation \\ is less coniplLte 
than when the two proteins were mixed before 
being added Rawhnson (dJ) described a 7111 c 
o\\ hemoglobin compound precipitated from a solii 
tion of rabbit blood pigment b\ zme sulfate Gurd 
(2.1) said that both gamma globulin and bet i tipo 
protein can be precipitated m tlie presence of zinc 
icctatc. with the former aiding 111 the prcapit ition 
of the latter 

When blood w.as added to a solution cont.aiiiiiig 
1 of zinc gluconate and 0 of sodium chloride, 
the blood cells settled to the bottom of the tube and 
failed to hcmohzc after fort\ fixe minutes at 37° 
After centrifugation, the cells w ere bound together at 
the bottom of the tube and failed to hcmohze after 
the supernatant solution was decanted and rcplieed 
wath triple distilled water Inxcrsion of the tubes 
caused the cells to pass through the water, still 
bound together, and resembling a "pancake ” 
Gibson (13) reported that red cells take up zinc \crx 
rcidilv , whether the zinc enters the cells or is 
bound to the membrane is not known It has been 
shown, howexcr, that the zinc cannot be remoxed 
bx XX ashing in isotonic sodium chlondc solution 

It appears obxious that the high licmolx tic t 
X allies obtained for zinc gluconate m this work and 
for zinc sulfate and acetate in other works (4, S) 
Inxe been due to the precipitation of the oxxhenio 
globin liberated from lakcd crjthrocjtcs which 
iindc the colorimetric readings of the degree of 
hcmolj SIS misleading 

Vanabihty of Blood — The osmotic fragilitx of 
crx tliroct tes xaried from animal to animal and, iii 
deed, from da> to da} in the same animal, emplox- 
ing blood from the same donor, diurnal xariatioiis 
were obserxed in the degree of hemoI)sis occurring 
m a gixen concentration of sodium chloride solution 

Human blood generall} produced greater color 
imetric readings for lOOSo hcmolx sis th m did rabbit 
blood Xegro blood emplo)ed m two experiments 
earl} in this stud} failed to become G0'’c hemolxzed 
m 0 32*^ sodium chloride solutions, a salt coiiceii 
tration xx Inch in most instances seemed to compictclx 
lake crx throex tes from Into donors Eight addi 
tional blood samples from Negro xolunteers xxcrx 
obtained and the osmotic fr.agiht} of the crx thro 
cx tes determined m x arious concentrations of sodium 
chloride Although two of the ten Negro bloml 
simples exhibited greater than 90((r hcmoI}sts in 
0 32% sodium chloride solutions, sex cn samples 
showed less than S0% and three samples less thin 
00% hcmolx SIS An axcrage of 74 7% hcmolx sis 
was shown bx the ten Negro blood simples 111 
0 32% sodium chloride, the samples of Caucisiaii 
donors’ blood (30 blood samples) cniploxcd in tins 
studx showed an axcrage of 97 0% hcmolx sis in 
0 32‘'(. sodium chloride solutions Blorxl from 
Caucasians show cd, on the ixcragc 50% hcmolx sis 
m sodium chloride solutions ot OGSHc concentr i 
tion, the s ime degree of hcmolx sis did not occur in 
blood from Negroes until the sodium chloride con- 
centration XX as decreased, on the ax erage, to 0 342^ , 
.■\11 of the Caucasian blood s implcs litmolx zed to a 
certain degree m 0 42% sodium chloride concentr i 
tion whereas onlx four of the Negro blooil samples 
exhibited hcmolx sis in this salt concentration 

Diseases of the blood and other pithological con 
ditions haxe long Ixcn known to eiiise i xariition 
in the osmotic fraphtx of erx ihrocx tes (24) Sidle 


PlIXRMXCrpTICXL \ssoci\Tio\ Vol XlAIII, .No ') 

cell anemia, a diseisc occurring almost ciitirelx 111 
the Negro r.ace, is characterized bx sickle sli ipcd 
erx throex tes and bx an mere use m the resist iiiec of 
these cells toward hxpotonic sihiic In the present 
studx, there xxas no exidencc of sickling obserxed in 
the Negro blood smiplcs 

SUMMARY 

1 Hcmolx tic ! tallies for t.anotis sills of 
gluconic acid hat c been detcniiined and comp ircd 
tnth 1 tallies calculated from freezing point de- 
pression data 

2 A procedure for the determination of the 
degree of hemol} sis of cr} tliroct tes suspended in 
colored aqueous solutions has been det iscd 

3 Using tlie hcmolx tic method, sodium and 
potassium gluconates gate 1 tallies which were 
approximately 25 per cent higher than those oh 
tamed by the freezing point depression method, 
this difference was onlx half as great when the 
hcmolx tic detcnninations were conducted m the 
presence of 0 2 per cent sodium chloride 

4 Magnesium and calcium gluconates gate 
higher 1 1 allies by tlie hcniolt tic method th in bt 
the freezing point depression method when human 
cr} diroct tes were cmplot cd and lower ones when 
rabbit cr} throex tes were used The addition of 
0 2 per cent sodium chloride raised the htnio 
1} tic 1 1 alucs of these salts tx hen rabbit blood xx ns 
used and lowered the values txhen human blood 
was used 

5 Manganese (11) gluconate gate siightlx 
higher and cobalt (II) gluconate slightl} lower i 
talues from hemol} tic data th.an from freezing 
point data 

0 The nmisnall} low hemol} tic r x allies ob- 
tained for iron (II) gluconate were, m the mam, 
attributed to the instabilitt of the solutions 
7 Zinc gluconate gate c.xtrcniely high hcnio 
It tic t tallies due to the partial precipitation of 
the OX} hemoglobin liberated from lakcd crx thro 
c}tcs making the colorimetric riadmgs of the 
supernatant liquid mislc.uhng 

S Lrx throe} tes from Negro donors xxere 
found to be, on the ateragt, more rtsistant to 
osmotic hemol} sis than those from C.iiii isi 111 
tionors 
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Studies on the Adsorption of Odorous Materials IF 

Surface Potential Changes Due to the Adsorption of Alcohol Vapors 

By J. O. KOPPLINf, J. R. EATON, and J. E. CHRISTIAN 

The normal homologous alcohol vapors from 2 - to 8-carbon-chain lengths were 
injected into an air stream in concentrations varying from 0.2 to 500 parts of alcohol 
vapor per million parts of air by volume and were passed over a water surface. Re- 
lationships between changes in the surface potential of the water surface and the 
chain length of the adsorbed alcohol molecules were determined and they were 
found to be analogous to the relationships between the olfaaory intensities of the 
same alcohol vapors and the chain length of the vapors as reported by other re- 
search groups. The results of these tests suggest that the adsorption and surface 
potential change processes are influenced by the struemre of the adsorbate mole- 
cule — a factor generally associated with odor. 


Tn a previous paper (1), changes in surface 
-*• potential caused by the adsorption of various 
vapors on solid or liquid adsorbing surfaces were 
discussed The various vapors in very low 
concentrations by volume were injected into an 
air stream which passed over the adsorbing 
surface The effects of changes in the humidity 
of the air stream and changes in the temperature 
of the adsorbing surface were presented along 
with a report on the application of radioactive 
tracer techniques for the measurement of the 
amount of vapor adsorbed. 

In this paper the changes in the surface poten- 
tial caused by the adsorption of several normal 
homologous alcohol vapors of a distillcd-water 
surface are presented. These changes were 
determined by measuring the contact potential 
difference between two surfaces, using as a 
reference one surface the potential of which did 
not vary. The Kelvin method for measuring 
contact potential differences as modified by 
Zisman (2) was used in this investigation A 
description of the apparatus and general test 
procedure used is given in the preceding paper 
( 1 ). 

Because of the interest in the possible develop- 
ment of an objective instrument for the measure- 
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ment of odor and because current opinion is that 
physical rather than chemical processes are 
critical in olfactorj' stimulation, the normal 
alipliatic homologous alcohols were studied as 
odorous air stream contaminants. Besides the 
fact that these alcohols can be smelled bj' tlie 
human nose, they are rather simple, well known 
organic substances concerning which consid- 
erable physical data are available — such as 
molecular weight, vapor pressure, dipole moment, 
and solubility. 

EXPERI^^ENTAT10N AND DISCUSSION 

Ethyl alcohol was adopted as a standard lest 
vapor to check and to calibrate the system whenever 
a test was run or whenever the water surface was re- 
placed. Except in a very few cases not more than 
three injections of any alcohol vapor u ere made into 
the air stream before the water surface was replaced. 
This was done because of the general loss in sensi- 
tivity of the surface \\ ith time and with repeated in- 
jections of contaminant vapor into the air stream. 
Surface sensitivity for a particular alcohol vapor in 
the air stream, as used in this paper, is measured by 
thc ratio of the change in surface potential ex- 
pressed in millivolts (mv.) to the alcohol vapor con- 
centration in the air stream e.xpressed in parts per 
inilliou by volume (p p. m.). 

For comparing the different alcohol vapors, meas- 
urement of the amount of vapor injected into the air 
stream tras made in two different ways. The most 
often used measurement was in terms of parts per 
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million by volume of alcohol vapor in the air stream. 
Thi.s was calculated using the product of two ra- 
tios — the ratio of the volume of Siituratcd vapor in- 
jected into the air stream per unit of time to the vol- 
ume of air passing over the surface per unit of time, 
and the ratio of the vapor pressure in mm. of mercury 
of the particular alcohol used to standard at- 
mospheric pressure in mm. of mercury. Thus, the 
injection of two different alcohol vapors into the air 
stream at the same concentration in p. p. m. by vol- 
ume required a greater volume of saturated vapor of 
the alcohol having the lower vapor pressure. The 
second method was the injection of the various sat- 
urated vapors at equal rates (ml. per second) into the 
air stream. This rc.sulled in a smaller number of al- 
cohol molecules in the air stream for each lower vapor 
piessure alcohol. 

Ethyl Alcohol Vapor. — After approximate!}’ forty 
separate tests were run using different rates of in- 
jection of ethyl alcohol vapor into the air stream 
with different distilled water surfaces, the accumu- 
lated data were carefully analyzed. It was found 
from considering all of the first injections of ethyl 
alcohol vapor on each surface that the sensitivity’ of 
the individual water surfaces varied, but many 
water surfaces indicated good agreement in the mv. 
change in surface potential as caused by a certain 
number of p. p. m. by volume of ethyl alcohol vapor 
in the air stream. The change in surface potential 
was taken as the difference between the surface po- 
tential at the time injection of contaminant vapor 
into the air stream was started and the final equilib- 
rium value of the surface potential with the contam- 
inant laden air stream. If the surface potential were 
slowly drifting at the time the test was made, a cor- 
rection was made to cancel the effect of the drift. 
Picking out various sets of data which were in close 
agreement as to the cliange in potential for a given 
vapor concentration, it was found that, if the mv. 
change in the surface potential were plotted against 
the logarithm of the alcohol vapor concentration in 
the air stream in p. p. in. by volume, a straight line 
relationship was indicated. This suggested the 
possibility of an exponential relationship between 
the p, p. m. of ethyl alcohol vapor in the air stream 
and the mv. change of the surface potential within 
the range tested. I'or ethyl alcohol the variation in 
p. p. m. was from .'10 to ,50(1. 

-As a check on this exponential relationship, a 
single distilled-water surface was used and ethyl alco- 
hol vapor was injected six times — each succeeding 
time at an increased concentration in the air stream. 
.As a check on the surface sensitivity, a seventh injec- 
tion of ethyl alcohol vapor was made at the same con- 
centration as the first injection. The difference in 
the change in surface potential caused by the first 
and last vapor injections was taken as a measure of 
the total loss in sensitivity of the water surface. It 
was expected that the loss in sensitivity between any 
two injections was proportional to the alcohol vapor 
concentration of the previous run. A correction was 
then applied for the loss in sensitivity to each of the 
last six test runs. The amount of correction applied 
to each change in surface potential was based on the 
previous injection concentration and calculated so 
that the change in surface potential for the last injec- 
tion when corrected was the same as the first. When 
the p. p. m. fcrniJ the corrected mv. change in sur- 
face potentkil was plotted on semilog paper, the 


points were found to fall very close to a straight line. 

-Another check on the exponential relationship for 
ethyl alcohol was made using ethyl alcohol vapor 
along with varied concentrations of other alcohol 
vapors. In this ca.se, a scries of distillcd-watcr sur- 
faces was used, l-or each test the surface sensi- 
tivity’ of the particular water surface was stand- 
ardized by’ determining the response to ethyl alcohol 
vapor of known concentration. This was done using 
the exponential relationship ba.scd on the most often 
encountered sensitivity of a ilistillcd-watcr surface to 
ethyl alcohol vapor. Following this, a different al- 
cohol vapor w;is injected and the change in surface 
potential for this second injection was corrected for 
the particular surface sensitivity as previously de- 
termined using ethyl alcohol vapor. Repeated 
tests were made in this manner at each of sevend 
different concentrations of the nonethyl alcohol va- 
por, and good agreement was found in the mv. 
change in surface potential caused by a given vapor 
concentration for several different alcohols. This 
indicated that the exponential relationship provided 
the correct factor for adjusting the sensitivity of in- 
dividual water surfaces over the range of vajjor con- 
centration used so that all surface potential changes 
could be corrected for any differences in individual 
water surfaces. 

The agreement found in botli of the above checks 
concerning the correctness of the exponential re- 
lationship for ethyl alcohol was considered well 
within the accuracy of the equipment. Errors of 
3% were expected in the determination of the flow 
rate of the air stream along with errors of 1 % in the 
volume of vapor displaced into the air stream and 
errors of 3% in the determination of the vapor pres- 
sure. Errors were al.so expected in reading the sin - 
face potential, in determining the total change in 
surface potential (due to corrections for drift and 
other disturbances in the potential), and in calculat- 
ing corrections for loss in sensitivity of various sur- 
faces (due to exposure and variations within the sur- 
faces themselves). The.se latter errors were esti- 
mated to be as great as >5%. The total exjieri- 
mcntal error was considered to be within 102'('.. 

Asa re.sult of these tests, the exponential relation- 
ship between ethyl alcohol vapor concentration in 
p. p. m. by volume in the air stream and the mv. 
change in surface potential was accepted for the 
range <if vapor concentrations employe<l, and the 
practice of rating distilled-water surfaces on the ba- 
sis of the ethyl alcohol vaiior sensitivity was con- 
sidered valid. 

Normal Homologous Alcohol Vapors. -Hiityl al- 
cohol at various concentrations was used as ;i con- 
taminant vapor, and the exponential relationship 
between p. p. m. and mv. change in surface potential 
wasagain indicated. It was noted that plots of !>. I> 
m. versus mv. change on seniilog paper for Iroth ethyl 
and butyl alcohol had practically identical slopes. 
See Fig. 1. The straight line relationship on semilog 
paper was then assumed for the other members of the 
normal homologous alcohol series, and cheeks were 
made at twf> diflerent vaj)fir concentrations for e:ich 
different alcohol. The tests ;it each vai)or concen- 
tration were repeated a minimum of three times to 
check agreement and reli.ibility of the daUi. 

In all, five different members of the homologous al- 
cohol series were testeil in tfie manner de.scrilK'd 
abox’e using distilled-water surfaces. These verc 
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change and vapor concentration for normal alcohol 
vapors. 


ethyl, propyl, butyl, hexyl, and octyl alcohol having 
two, three, four, six, and eight carbon atoms, re- 
spectively. The straight line relationships between 
the logarithm of the vapor concentrations in p. p. m. 
by volume and surface potential changes in mv. for 
propyl, hexyl, and octyl alcohols were found, when 
plotted, to be very nearly parallel to the same lines 
plotted for ethyl and butyl alcohol vapors. The 
vapor pressure of ethyl alcohol is 64 mm. Hg at 27° 
while that of octyl alcohol is only 0.16 mm. Hg at 
27°. This range in vapor pressme is greater than 
the maximum range over which saturated vapor 
could be injected into the air stream with the ap- 
paratus employed. The workable range for inject- 
ing saturated vapor into the air stream was from 
O.Olfi to 0.25 cc. per second. This is a ratio of 
approximately 16:1 as compared with the ratio of 
400 ; 1 for the vapor pressures of ethyl and octyl alco- 
hol at room temperature. Therefore it was not pos- 
sible to inject vapors of all the different alcohols 
tested into the air stream at the same concentration 
in parts per million by volume. In order to increase 
the range over which comparisons could be made, 
some of the curves were slightly extended. 

The data for ethyl, propyl, butyl, hexyl, and octyl 
alcohol vapors were considered and plotted in three 
different ways. The first was the relationship be- 
tween the vapor concentration in the air stream in 
p. p. m. by volume and the mv. change in surface 
potential. The second was the relationship between 
the rate at which saturated vapor was injected into 
the air stream and the mv. change in surface poten- 
tial. The third was the relationship between 
the vapor concentration in the air stream in p. p. m. 
by volume and the ratio of the mv. change in surface 
potential to the p. p. m. by volmnc vapor concen- 
tnition. 


The first relationship is shown in Fig. 1 where the 
logarithm of the vapor concentration in p. p. m. by 
volume is plotted against the change in surface po- 
tential. This figure indicates that, for a given 
change in the surface potential, the required p. p. m. 
decreased as longer-chain alcohol vapors were used. 
The lines for the various alcohols arc nearly parallel 
and each is well separated from the next. The var- 
ious lines could be represented by an exponential 
equation of the form y — a(b)^, wheie y refers to the 
p. p. m. and x to the rav. change in surface potential. 
The value of b is approximately 1.0 in each case and 
the various values of a are: ethyl, 17,18; propyl, 
6.76; butyl, 3.01; hexyl, 0.65; and octyl 0.15. 

The second relationship, which was between the 
rate in ml. per second at which saturated vapor was 
injected into the air stream and the mv, change in 
surface potential, is shown in Fig. 2. The reason for 
the interest in this relationship was that many ol- 
factory studies had been done with trained investi- 
gators sniffing equal amounts of saturated vapor. 
The curves appear to be logical in that repeated in- 
creases in the injection rate produced succes.sively 
smaller increases in the mv. change of the surface po- 
tential. The curves generally indicate a smaller 
change in the surface potential for a given injec- 
tion rate for each heavier alcohol vapor. The un- 
usual feature of Fig. 2 is the location of the butyl line 
wnich indicates that butyl alcohol vapor caused a 
greater change in surface potential than either etliyl 
or propyl for a given injection rate of saturated vapor. 
This might be due to the greater solubility of etliyl 
and propyl alcohol in water which reduced tlie 
ability of these vapors to change the surface poten- 
tial of the water. 



change and injection rate of saturated vapor for 
normal alcohol vapors. 

The third relationship considered was between 
the vapor concentration in the air stream in p. p. m. 
by volume and the ratio of the change in surface 
potential to the vaiior concentration. This rc- 
lationshi]) for the various alcohols is shown in Fig, 3. 
The mv. to p, p. m. ratio* cm be considered as a 
measure of the ability of a given alcohol vapor to 
change the surface potential upon adsorption, and 
the graph shows that this ability increases with in- 
creased chain length. 

The hydrox-jd group of the normal alcohol mole- 
cules is water attractive and thus it is tliis end of the 

* This ratio has also been defined as surface sensitivity 
svbcn the ratio is used to describe the sensitivities of various 
surfaces to a Riven contaminant vapor. 
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chain whicli attaches itself to the water surface (3). 
Such groups attached to a hydrocarbon-chain might 
be called water-soluble groups, and in the shorter- 
chain compounds, such as ethyl alcohol, the water- 
soluble hydroxyl group confers solubility on the 
whole molecule. In the long-chain compounds, 
such as the heavier alcohols, this group cannot pull 
the whole molecule into the water owing to the re- 
sistance of the long-chains to immersion, and thus 
the adsorbed layer is made up of molecules with the 
water-soluble group down close to the water and the 
hydrocarbon-chain extending away from the surface. 
The extent of the attraction for water of the water- 
soluble groups can be roughly determined from the 
length of the carbon-chain required to prevent solu- 
tion of the molecule. 

Figures 1 and 2 indicate that, for a given concen- 
tration of alcohol vapor, the longer the chain length, 
the greater the change in surface potential. The 
reason the longer-chain alcohols appear to have a 
greater effect on the surface potential may be due to 
the fact that they are insoluble in water and must re- 
main on the surface when adsorbed. The nearly 
complete recovery of the surface potential following 
the termination of an injection of ethyl alcohol vapor 
into the air stream probably was due not only to de- 
sorption from the surface but also to the movement 
of the adsorbed alcohol molecules from the surface to 
the interior of the liquid. The amount of alcohol 
going into solution with the water was not judged 
sufficient to cause any permanent change in the sur- 
face potential. The changes in surface potential 
caused by the different alcohol vapors most likely 
were due to the vertical component of the dipole of 
the adsorbed molecules with any reorientation of the 
water molecules pla>-ing a minor role. Thus the 
difference in the ability between short- and long- 
chain alcohol molecules to change the surface poten- 
tial of a water surface may be mostly due to orienta- 
tion of the adsorbed molecules on the surface, with 
the longer-chain molecules in better alignment. 

OLFACTORY COMPARISONS 

.■\n interesting comparison can be made bettveen 
the data secured using the norm.al homologous alco- 
hol vapors and daLa obtained by other investiga- 
tors who studied the olfactorj- properties of the same 
alcohol vapors. Various homologous series, and in 
particular the alcohols, have been investigated in re- 


cent years with regard to the olfactorj- intensities of 
these vapors. 

Kruger. Feldzamen. and Ivliles (4) of Yale Uni- 
verity used three people especially trained in olfac- 
tory observation to determine the olfactory intensi- 
ties of ten aliphatic alcohols from 3 to 12 carbon- 
chain lengths. Some of the stated conclusions of 
their study were that; (a) the alcoliols which are .sol- 
uble in both polar and nonpolar solvents were found 
to have the more intense odors; and, (i) within most 
of the range of alcohols tested, olfactory intensity 
decreases with increasing chain length unless correc- 
tion is made for the different vapor pressures, in 
which case the trend is reversed. This is inter- 
preted to imply that olfactory intensity decreases 
with increasing chain length when the alcohol vapors 
were tested using specific dilutions of saturated va- 
por, but for equal molecular concentrations, the ol- 
factory intensity increased with increasing chain 
length. 

The conclusion of the Yale group with regard to 
chain length is analogous to the relationship between 
chain length and surface potential change found in 
this research. Comparisons of the various alcohol 
vapors in terms of equal p. p. m. by volume indi- 
cates that the change in surf.ace potential increases 
with increasing chain length, as shown in Fig. 1. 
It is also interesting to make a comparison between 
the two different studies in terms of equal volumes 
of saturated vapor. In Fig. 4 the change in surface 
potential is plotted against chain length for the 
specific injection rate of 0.2 ml. per second of sat- 
urated vapor. This is similar to a plot of odor 
intensity versus chain length ns determined by each 
of the three "sniffers” used by the Yale group. In 
general, the "snilTers” rated the alcohols of 4, 5, 
•and C carbon members slightly more intense than 
cither the lighter or heavier alcohol vapors; how- 
ever, the individuality of human beings was also ap- 
parent. 



Fig. 4. — Change in surface potential versus cliaiii- 
length for normal alcohol vapors. 


The olfactory properties of the normal homologous 
alcohols were also sturlicd by Uethicrand Yost (a) of 
Johns Hopkins University. This group evperi- 
mented with blowflies to make use of several ail- 
vantages offered by insects as compared to m.in for 
this type of study. The general procedure used by 
them was to pass two air streams with little or no 
mi.xing through a cage containing the flics and to in- 
crease the alcohol vaprir concentration in one air 
stream until the flics rejected it in preference to the 
other. They reported that when rejcctirm thresh- 
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olds of the normal alcohols were expressed as molar 
concentrations and plotted against their respective 
chain lengths on logarithmic coordinates, the trend 
toward linearity was at once apparent. 

Using the data secured in this investigation and ar- 
bitrarily taking a 25 mv. change in the surface po- 
tential as a critical or rejection figure, a graph as 
shown in Fig. 5 was obtained. The logarithmic co- 
ordinates are chain length and the alcohol concen- 
tration in p. p. m. by volume which produced the 
25 mv. change in surface potential. The relationship 
between the logarithm of the vapor concentration 
and the logarithm of the chain length is cleat ly 
linear, and comparison of this relationship with the 
relationship reported by Dcthicr and Yost indicates a 
definite similarity. 



Number of Carbon Atoms 

Fig, 5— 5^apnr concentration for a specific sur- 
face potential change versus chain-length for normal 
alcohol vapors. 


SUMMARY 

The general results of this study are: 

1. Equal concentrations of different vapors of 
a homologous alcohol series in an air stream, 
measured in parts per million b)' volume, cause 
different changes in the surface potential of a 
distilled-water surface. 

2. The presence of alcohol vapors in an air 
stream at concentrations of the same order of 
magnitude as the minimum concentrations 
detectable by the human nose can be detennined 
by measurement of surface potential change. 

3. Relationships between changes in surface 
potential and chain length of the normal homolo- 
gous alcohols are analogous in certain respects 
to reported relationships between olfactory 
stimulation and chain length of the same vapors. 

CONCLUSIONS 

There appear to be several factors associated 
with the surface potential change of a water 
surface caused by adsorption which may be 
advantageous as far as the detection of odorous 
materials in tlie atmosphere is concerned. These 
are: (a) the facility with which a liquid can be 
employed; (5) the capability of a liquid to act as 
a solvent — as solubility has often been associated 
witli odor (G) : and (c) the orientation freedom of 
both the liquid and adsorbate molecules. These 
factors allow the adsorption and surface po- 
tential change processes of a liquid surface to be 
more readih' influenced by the architectural 
arrangement of the adsorbate molecule, a factor 
generally considered in the study of odor. The 
results of this investigation indicate certain 
analogies between the changes in surface po- 
tential and the olfactorj' stimulation produced by 
certain vapors but should not be interpreted to 
imply that odor has been measured by electrical- 
mechanical means. The results do indicate the 
desirabilitj'- of further research regarding surface 
phenomena with the goal of learning more about 
the roles played by the various physical proper- 
ties of the adsorbate molecules. 
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The Reaction of ^^-Cyclohexenone With 
Trifluoroperoxyacetic Acid* 


By EDWARD E. SMISSMAN and FRED B. BLOCK 


The reaction of 2-c)-cIohexenone with tri- 
fluoroperoxyacetic acid gave 2-h)droxyadipic 
acid as a final product. The failure of 2-cyclo- 
hexenone to yield A'-caprolactone or 2,3-dihy- 
droxycaprolactone demonstrates the favored 
transition state involves carbon-carbon 
double bond participation and not alkyl 
proup mipration. 


' I 'lie ON'LY reported synthesis of dihydrokavain 
(C-(d-phenylethyl)-5,G- dihydro - 4 - inethoxy- 
2-pjTone], lA, a constituent of Piper methy- 
slicum, is the reduction of the closely related 
compound kavain Hi, ((1 stvryl dilivdro 1 
nietliow 2 pvronc) (1.2) 


(A) 

(.B) 


OCII-, 



R 




R = C,HsCH;CH:— 
R = CsH5CH=CH— 


A possible synthetic route to dihydrokavain, 
utilizing the Baeyer-MIliger reaction can be 
outlined as follows: 

o 

(I FiCCOOH 


o 


oil 


o 


-oeci', 


nil 


R O ' O 


1C O 


cn,N- 
lA 


The Ilaeyer-X'illigcr lactonization and hydro.xyl- 
ation step appeared to be of particular interest, 
as this one-step combination of reactions had not 
been re[)orted. A good method for preparing 
o-alkyl-2-cyclopentenoncs, as well as 2-cyclopcn- 
tennne itself, could not be found and rather than 
attack this portion of the problem, it was decided 
to use 2-cvclohe.xenone. II. as the model com- 
pound to test the practicality of the proposed 
reaction. 

Peroxytrifluoroacetic acid was selected as the 
reagent for the rearrangement-hydroxylation 
step because of high yields reported in the prepa- 
ration of lactones (.3) from cyclohe.x3none and 
cyclopentanone (71 and S4 percent, rcsrK-ctivcly) 

* Received .Xpnl 3, 1939. from the Itnortvity uf Wi'C-jn'in. 
School of Fharmacy. Madioan C, 


and the hydro.xylation of normally resistant 
acrylates and methacrylates in good yield by 
this reagent (4). The reaction iiroccdure utilired 
gave an amount of nonvolatile material in excess 
of that expected for the peracid oxidation. The 
infrared absorption spectrum of the reaction 
mixture at this point indicated the possible [ircs- 
ence of a trifliioroacetyl group. .').59 ft (o). The 
product was treated with 3 per cent methanolic 
hydrogen chloride to eficet mcthanolysis, and on 
removal of solvent a red oil e.xhibiting infrared 
bands at and .I."!) ft, in addition to a band 
at 2.S4 ft, was obtained. The pre.senee of a 
moderately strong band at 5.59 ft was une.xpectcd 
as this band was originally believed associated 
with the trifluoroacetoxy group. 

Vapor phase ;ind column chromatograiihy 
would not resolve this red oil and it was decided 
to make a solid derivative. On treatment with 
p-toluidinc, a white crystalline compound was 
obtained and had the correct analysis for a 
hydroxyadipic acid di-f>-toluididc. The presence 
of the adipic acid skeleton was demonstrated by 
the isolation of adipic acid after the red oil was 
rellu.xcd with liydriodic acid, while the presence 
of the hydroxyl grouj) was positively confirmed 
by the conversion of the di-^-toluidide derivative 
to its acetate. The location of the hydroxy 
group was suggested by the apparent coiir.se (if 
Ihc reaction to be in the 2-i)osilion, IV. 
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Synthetic 2-hyciroxy adipic acid was prepared 
by an independent method and its di-p-toluidide 
was identical with the material obtained from 
the reaction mixture A small amount of a 2,4- 
dinitrophenylh}'drazone could be obtained from 
the reaction mixture and it corresponded to 
5-formyl-5-pentanolid, III. Work bt' House and 
Wasson (0) on the rearrangement of a.d-epoxy- 
cyclohexanone has demonstrated that under 
acidic conditions 2,3-epoxyc)'clohexanone, V, re- 
arranges with ring contraction to the keto 



VI 


aldehyde, VI. The failure of 2-cyclohexenone 
on peroxidation to yield A’-caprolactone or 2,3- 
dihydroxy caprolactone demonstrates the transi- 
tion state favored in this compound involves 
carbon-carbon double bond participation and 
not alkyl group migration. 

EXPERIMENTAL 

Reaction of 2-Cyclohexenone with Peroxytri- 
fluoroacetic Acid. — Seventy-five milliliters of dry 
methylene chloride and 11.8 Gm. (0.312 mole) of 90% 
hydrogen peroxide were placed in a flask equipped 
with a thermometer, dropping funnel condenser, 
and magnetic stirrer. Over a period of one hour. 
78.5 Gm, (0.374 mole) of trifluoroacetic anhydride 
was added to the rapidly stirred mixture which uas 
cooled in an ice bath. Additional stirring was con- 
tinued for fifteen minutes. To the cooled (10° or 
below) peroxytrifluoroacetic acid was added 10 0 
Om (0.104 mole) of 2-cyclohc\euone, dissolved in 
25 ml of dry methylene chloride, over a period of 
one and one-half hours. After addition was com- 
plete the red solution was allowed to warm to room 
temperature and then refluxed for two hours. The 
volatile solvents uere removed under reduced pres- 
sure. 

The liquid residue (24.3 Gm.) was refluxed with 
300 ml of 3% methanolic hydrogen chloride for 
three hours and then allowed to stand eight hours at 
room temper.iture. The volatile material was re- 


moved in vacuo leaving 15 5 Gm. of liquid residue 
which had an infrared spectrum showing bands at 
2 84. 5 59. and 5 76 fc, ultraviolet spectrum showed 
only end absorption 

Isolation of Adipic Acid. To 0 947 Gm (0 005 
mole based on dimethyl 2-hydro\-y adipate) of liquid 
residue, under a constant stream of dry nitrogen, 
was added 17 Gm of freshly distilled .57% hydriodie 
acid The mixture was refluxed one hour and then 
concentrated to a small volume The mixture w.is 
dissolved in ether, washed witli sulfurous acid, and 
dried A 66 6%, yield, 0 48S Gm (0 0033 mole) of 
adipic acid was obtained, m p 150 7-152° 
2-Hydroxy Adipic Acid Di-p-toluidide. — A crys- 
talline derivative was prepared by combining 0.202 
Gm (0 001 mole based on dimethyl-2-hydroxyadi- 
pate) of the liquid residue with 0 814 Gm. (0 0076 
mole) of />-toluidine and heating the mixture at 
190-200° for two hours. After cooling and washing 
with ether, 2-hj'dro.xyadipic acid di-p-toluidide, 
in p 183 5-188 5° was obtained It was recryst.il- 
Uzed from ethanol-water, m p. IS7 4-187 9° 

Anal — Calcd for C-oH-jNjOj' C, 70 56; H, 7 11 , 
N, 8 23 Found : C, 70 65, H, 7 23 , N. 8 03 
2-Acetoxyadipic Acid Di-P-toluidide. Forty-five 
milligrams of the di-p-toluidide of 2-hydrovyadipic 
acid was dissolved in 0 7 ml of piTidine and 0 5 ml 
of acetic anhydride was added; the mixture was 
heated for one hour. The excess reagents were re- 
moved in vacuo leaving a solid product which was re- 
crystallized from ethanol-water, m p 172 4-173 2° 
AKfl/.— Calcd for CkH-sNsOj: C, 69 09, H. 
685;N,733; acetyl. 11 25 Found: C,6919, H. 
6 56; N, 7 26; acetyl, 13 3 
2-Hydroxyadipic Acid. — Dimethvl-2-chloroadi- 

pate. b. p 145-150°/15 min , Nd“ 1 4505. (lit , b p 
138-139°/10 mm , Nd'° I 4510) (7) w’as prepared by 
the method of Triebs and Holbe 

One gram of dimethyl-2-chloroadipate was treated 
with 13 ml. of 10% aqueous methanolic sodium hy- 
droxide. After three and one-half hours of re- 
fluxing, the mixture w'as cooled, acidified with con- 
centrated hydrochloric acid, and evaporated Vi 
dryness. The solid residue was boiled with ether 
and the ether solution evaporated to give a colorless 
oil which crystallized on standing This material 
was converted to the di-/>-toluidide, in p 170 8 
172 5° Mixed melting points witii previousb de- 
scribed samples gave no depression 
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l6«-Hydroxy Steroids IF 

Partition Chromatography of Triamcinolone and Related Steroids 

By LELAND L. SMITH. THEODORE FOELL, RALPH DE MAIO, and MURRAY 

HALWER 


Paper chromatographic S) stems and column 
partition S} stems suitable for anab-2ing tri- 
amcinolone in pharmaceutical preparations 
and in e\tracts of biological samples are de- 
scribed. Comparatue mobilities of related 
steroids are reported for the several s> stems. 
Both qualitative and quantitative aspects of 
the chromatographic operations are de- 
scribed. 


' I *HE cii.\R.\CTERiz \TiON of the corticosteroid 
•*- hormone tnamanolone (9a fluoro-1 l/S.IBa.- 
17a, 21 - tetrahydrow - 1,4 - pregnadiene - .5. 
20 dione) bv instrumental means has been re- 
ported m the first paper of tins senes (1) For 
analyses mvohnng more complex situations as 
exist in metabolic studies of tlie drug prclimmarx' 
chromatographic separations become necessary 
The several paper chromatographic systems and 
column partition systems which have been of use 
in routine e.\ammation of triamcinolone and re- 
lated steroids are presented m this paper 


PAPER CHROMATOGRAPHY, 
QUALITATIVE 


RccentU reports liav e been published cov eriiig the 
use of Zaffaroni tv pc paper chromatographic sv stems 
for the separation of more polar steroids (2). which 
sv stems together with the chloroform/formamide 
svstem of Schindler and Reichstem (3) afford sepa- 
ration of a varietv of more polar steroids The 
.ipplication of Zaffaroni tvpe sv stems to triamcino- 
lone .iiid related IGo-Iivdroxvlated steroids has been 
described (4) .Mthough some Busli-tvpe sv stems 
capable of rapid separations of more polar steroids 
have been described (5), no svstematic evaniinatioii 
of V erv polar steroids in Bush tv pc sv stems has been 
reported In our h.inds modified Hush tvpe sv stems 
have been found to be more versatile m the complex 
separations involved in the production and analvsis 
of triaiiicinolonc than have the Zaffaroni tjpe sjs- 
tcnis ' 

For the routine examination of tri imcinolonc sam 
pics derived from a varietv of sources the following 
conditions must be met (a) that Uie A' ‘ 3-kcto 
steroids be well separated from their respective 
A* 3 ketostcroid analogs, (6) that the respective 
rearrangement product of eich IGa hvdroxvlated 
steroid be well separated from the parent steroid, 
and (f) that running time be limited to no longer 
than overnight The six solvent sv stems used arc de- 
scribed in the experimental part \\ here possible the 


• Recsoed xtav 20 lo^a from the Chemical Proceev Ipl 
provement Dept, Lederle Laboratories American Cjanamid 
Co PearlRoer, N' X . , rr 

1 The mobility of tnamanolone in the chlort lorm/Ionna- 
mide (JOrj methanolicformam deiml resnation) sj stern is 3 1 
cm /22 hr , of 12 dihydrotnamanolone, 3 5 cm /22 hr . of 
Oa fleorohrdroco-tisone. 20 cm /22 hr. 


SV stems hav e been adjusted to afford mobilities for .it 
least tine steroid coiiiponeiit of interest iii the v leiiiitv 
of Kf0 5 .V more stringent requireiiieiit met bv 
sv stems I and 1 1 for the free steroid alcohols is of ini- 
p irtancc. n inielv tint the re irringcincnt iirodiict 
1,2 elihv tlrotnanicinolone isomer be sepir.ited from 
tn tmcinolone The fortnitniis similaritv of jiajicr- 
grani mobilities in sev eral Bush-tv pe s\ stems of these 
two steroids is illustrated in Tabic I with sv stems III 
and IV 

Using the six sv stems described in descending 
clirom itogr.aphv it is possible to separate in inv de 
riv.atives of triamcinolone and iiianv interniedi ites 
involved in the several reported svntlieses (li, 7) 
Evaniiintion of the free steroid ilcohoK isniide in 
sv stems I through IV. with svstem II being used for 
general qualitative cxaininations, svstem I run over 
night for qnantit itu canalv SIS Svsteins III and IV 
serve for both free alcohols and their .icct.itcs, ete . 
while systems V and VI arc for the acetates and .ic- 
ctomde denvativ cs 

An arbitrarv equilibration period of two hours is 
used for each papergram system, and the tanks are 
maintained at about 20° in a closed room .\1- 
tliough higher temperatures and longer equilibration 
periods have been examined, the short rtinning lime 
and the lower temperature afford useful cliroiti ito 
graphic separations The 20° temper.itnre is m iin 
tamed by one 100 w itt incaiidcsceiit 1 imp overlie id 
in a small tank room Using these conditions the 
data of Table I were collectccl .Mthoiigli it is pos 
sibic to obLiin rcproilucihlc R/v allies for these ster- 
oids, standard steroid markers are run with e leli set 
of samples, as several factors mfliietice iiiobilitj un- 
der tlie described conditions 

It IS of particular iiiiportaiicc in the case of sj stem 
II that attention be paid to the v.iriihililj in /i!/v.il 
lies This sv stem is of great v.ihic in e\ iniiii it ion of 
tnamciiiolone sninples, however, the moliihtv of i 
steroid is dependent on the actii il riimimg tiriii 
Tims, at one hour lower ff/v allies .ire obtained for ill 
steroids studied than .at the st md ird four hour run 
nuig time \lso the solvent front migr itioii r.ite de 
creases with increasing remmng time, covering 17 .'i 
cm III the first hour, 14 3 cm in the second hour, md 
11 Ocra in the fourth hour Freshlv [irep irtd t inks 
V icld inobihtv values as presented m l.ible I, how 
ever, as the tanks are used, slight losses m snUeiit 
plus either cficcts cause a decre ise m mobihtj of ill 
steroids, so that after several weeks of iisi . lowi i /f/ 
v.ilucsarcgeiier.illv obtained Despite thi-e -ivir d 
deficiencies, sv stem II is of ven grt it v iliu m sind 
les of triamcinolone chemistrv and biKhtmi-.trv 
It Is possible that the cb iracteri-tics menu med ob 
tain with other Bush sj sterns de-crilKd m tin hti r i 
ture 

The detecti m of the steroids on papergr uiis is ic 
coraplishetl with several techniques Tin tillr i 
violet ahsorjition propertie-s of these steroids iflordv 
a readv means of I/ication using photographic ineth- 


3ZS 



September 1959 


Scientific Edition 


529 


Table I. — Papergraji Characterization of Triajicinolone and Related Steroids 


Rfoi Free Alcohol Rf of Acetates, Diacetates R/of IGcr, 17a-Acetoaide 


Steroid 

I 

II 

III 

IV 

IV 


VI 

IV 


VI 

Triamcinolone 

0.18 

0.42 

0.14 

0.13 

0.89 

0.27 

0,12 

o.ss 

0.36 

0.13 

1 , 2- D ihydrotriamcinoione 

0.24 

0.52 

0.22 

0.19 

0.92 

0.40 

0.22 

0.92 

0.46 

0.25 

9a-Fluoroprednisolone 

0.37 

0.67 

0.37 


0.89 

0.30 

0.12 




9ci-Fluorohydrocortisone 

0.45 

0 80 

0.47 

0 59 

0.90 

0.35 

0.18 




Triamcinolone isomer 
1,2-Dihydro triamcinolone 

0.10 

0.22 

0.08 

0.06 

0.76 

O.OS 

0.02 

0.62’ 

O.iO’ 

0.03’ 

isomer 

0.12 

0.30 

0.13 

0,10 

0.85 

O.IS 

0.06 


0.16’ 

0,06’ 

16a-Hydroxyprednisolone 


0.44 


0.23 





0 44 

0.29 

16a-Hydroxyiiydrocortisone 


0.49 


0.30 





0.57 

0.40 

Prednisolone 

0.53 

0.73 

0.46 

0.44 

0.89 

0.30 

O.io 




Hj'drocortisone 

0.58 

0.75 

0.53 

0.53 

0.93 

0.46 





Prednisone 

0.69 

0.79 

0,58 

0.66 


0,60 





Cortisone 

0.73 

0.81 

0.65 

0.69 


0.66 

0,43 





“The acetoaides are in all probability IGa, J7aa'cyclic acetontdes of the i>-honjo-lGa,17att-dihydroxj’-l 7a^-bydroxy- 
methyMT-ketones and not simple lCa,17a.acetonides. 


ods (8) or using fluorescent screens (9). The reduc- 
ing properties of triamcinolone permit facile detec- 
tion using tetrazoUum salts, or Tollen’s reagent. 

The failure of triamcinolone and related A‘'*-3- 
ketosteroids to give the alkaline fluorescence test of 
Bush (10) which is specific for A''-3-ketones, allows 
direct differentiation of these types. Although 
f>-phenylencdiaraine phthalate (11), 2,4-dinitro- 
phenj’lhydrazine (12), and salicyloy! hydrazide (13) 
have been variously reported as color tests for 
A‘>'-3.ketosteroids, in our hands these tests have not 
been of use with triamcinolone and other common 
A''».3-ketones. However, isonicotinic acid hydra- 
zide has proven an e.xcellent method for the detection 
of both A''‘-3.kctosteroids and A’-3-ketosteroids on 
papcrgrams(I4). 

' Our routine examination of paper chromatograms 
involves five steps; (a) examination under short 
wavelengtli ultraviolet light using a modified Haines- 
Drake scanner (9) as described by von Arx and 
Neher (15), (6) examination under long wavelength 
ultraviolet light (365 mjj) for fluorescent compo- 
nents, (c) application of the weak ethanolic isonico- 
tinic acid hydrazide reagent of Smith and Foell (14) 
for the detection of A^-3-kctosteroids, followed by 
(d) application of the strong methanoHc isonicotinic 
acid hydrazide reagent for A''<-3-ketones, and finally 
(c) alkaline tetrazoUum blue spray for reducing 
«-kctols. The specificity conferred by this scries of 
tests enables an experienced operator to establish the 
probable steroid nature of an unknouTi component, 
and together with relative mobility measurements, to 
recognize a large variety of metabolites and altera- 
tion products of triamcinolone and related steroids. 

Experimental 

The paper partition systems are prepared in the 
usual manner (10) by equilibrating appropriate vol- 
Hiuos oi the solvents of choice for several days at 
the temperature at which the .solvent mixture will be 
used. In practice, the mixtures are kept in the same 
room as the chromatographic jars and the phases arc 
separated a short time before the cliromalograpliic 
run is to be started. The upper (organic) phase is 
used for irrigation of the papers (mobile phase) in all 
systems. The compositions of the solvent systems 
used a re as follows : 

System I: bcnzcnc/ctliaual/watcr, 2/1/1. Equili- 
bration time, two hours, running time, sixteen hours. 


(Rr data were taken on the system run for four 
hours. ) For free steroid alcohols. 

System II: benzene/acetone/water, 2/1/2. 

Equilibration time, two hours, running time, four 
hours. For free steroid alcohols. 

System III: benzene/dioxane/watcr/acctic acid. 
4/1/2/1. Equilibration time, two hours, running 
time, five hours. For free alcohols and acetates. - 

System It’’; bcnzene/ethanol/water, 2/1/2. 

Equilibration time, two hours, running time, five 
hours. For free alcohols and acetates. 

System V : toluene/petroleum ether (b.p. 30-00°)/ 
methanol/water, 12/S/13/7. Equilibration time, 

two hours, running time, two and one-half hours. 
For acetates, acetonides, etc. 

System VI: benzene/petroleum ether (b. p. 
90-100°)/methanol/water, 5/5/7/3. Equilibration 
time, two hours, running time, three and one-half 
hours. For acetates, acetonides, etc. 

These solvent systems were all run in the dccsend- 
ing technique, using Whatman Ko. 1 filter paper. 

PAPER CHROMATOGRAPHY, 
QUANTITATIVE 

For quantitative analysis the separated coraijo- 
nents are eluted and ultraviolet absorption ineasure- 
incnts are made on the cluates. S.vstem I is recom- 
mended for this work, as the system has the designed 
advantage of running overnight so sample prepara- 
tion, equilibration, etc., may occur in the afternoon 
of one day and location, elution, and spectrophoto- 
inctric analysis be completed the ne.\t day. 

Experimental 

Preparation of Tanks. — Glass cylinders 12 inches 
in diameter. 24 inches high are lined with Whiatman 
No. I filter paper, the liners dipping into the station- 
ary phase in the bottom of tlic tank. A dish of 
mobile ph.asc is placed in the bottom of the tank and 
a filter paper wick is suspended from the solvent 
trough apparatus in the center of the tank so that 
the wick dips into the dish of mobile phase. Lids are 
ground to fit each tank individually and are held sol- 
vent tight by plastic tubing rings filled with lead 
shot. The lids are not lubricated. After forty- 
eight hours of equilibration at 29° the tank is ready 
for use. 

* This solvent s}-stem ivas sufrgcsteci by Xlr. R. II. Ihanl: of 
these laboratories. 
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Preparation of Papers. — Wiiatinan Xo, 1 filter 
paper (lS.2o X 22.5 in.) is ivashcii cliromato- 
grapliically with ctlianol for seventy-two hours. 
-After the papers are washed tlic\' arc liandlcd only 
Hath ti.ssiic papers. The dried (hood I papers arc cut 
into sheets !) 5 cm. wide, a starting line is ruled across 
the paper four inches from one end and the other cud 
is serrated with pinking shears to allow free runofT of 
excess solvent, and the papers are stored in filter pa- 
per wrappers until used 

Sample Preparation. -The steroid sample is 
weighed on a Sartorius Micro Torsion Balance. 
Model MTB-1, to the nearest 1) 02 mg. Generally a 
1 mg /ml solution is prepared in distilled methanol. 
.Application of the sample is made via a 100 /il. 
micropipet calibrated "to contain" (a later improve- 
ment was made when "to deliver" pipets became 
avail.able commercially) Care is taken that the 
steroid solution is not draivn above the calibration 
mark. .Application of the solution to the pajier is 
made by streaking across the paper, the streak is be- 
gun about 1 cm. from one edge and terminated about 
1 cm. from the opposite edge, such application result- 
ing in a decreased "edge" effect in the band move- 
ments The "to contain" pipet is then washed out 
with 100 ;il. of methanol, the washings being applied 
to the paper in a similar manner. Suitable drying 
time is allowed between applications. Samples arc 
prepared in duplicate, using the same piiicts and solu- 
tions, The prepared papers arc then hung in the 
chromatographic tank for equilibration 

Chromatographic Development. - ■ Chromato- 

graphie tanks for quantit;ilive papergrain assjiy are 
kept separated from tanks prepared in an identical 
manner but used for qualitative itapergriim c.xami- 
iiiitions. The ttinks prepared using system 1 are 
equilibrated for two hours after the prepared papers 
are placed in them. The running time (sixteen 
hours) is the same as used for qualit.ilivc examina- 
tion, unless some of the more mobile components 
(such as Pnr-fluorohydrocortisoiic) .arc to be ass.aycd. 
in which case .suitable shorter times .arc required 
111 ink papergrams containing no steroid but other- 
wise h.indled in exactly the same way as the sample 
sheets are run with each tank used; thus three sam- 
ple slieets :ind one blank sheet are generally run to- 
gether in one tank The develojied papers are dried 
in air for thirty minutes, viewed rapidly under the 
modified Haincs-Drake ultraviolet scanner, and the 
steroid-absorbing 2 oncs marked in pencil In order 
to see steroids on the [laiiergram with this technique 
■ It le.ist .S 1(1 fig. of steroid is required. Where the 
amount of steroid per zone is less than this liniit il is 
nccesstiry to determine the position which would Iw 
occupied by the steroid sought from relative mobilits 
measurements. Our practice has Ijeen to measure 
all mobilities in terms of triamcinolone as unit mo- 
bility (Jf, 1.0(f); thus triamcinolone isomer has /if, 
(t..5d; 1,2-dibydrotriamcinoIonc /i, 1 .'in. I.2-dihy- 
drotriamcinolonc isomer, /f, (f.7-f, etc fhe zones 
located via ultraviolet absorption are cut out; tin- 
zones determined by calculation are cut out I .5 in. 
wide. The pieces are warmed with 10 ml of abso- 
lute ethanol for one hour at 00° in closed tuln-s. 
cooled to room temperature, and the alwrleiiua- of 
the solutions determined (after eentrifng.ition. if nec- 
esseiry to remove lint; at nm read agoii't ifieir 
api>ropriate bhinks tresile'd siniilarly 


The blank she-ct is cut inter zones exactly according 
to the zones found for the steroids living ass-ayed. 
eluted in the same way, and read ag.iinst absolute 
ethanol as a check on the operation, and then used as 
the blank solution for the appropriate steroid deter- 
mination. The blank absorbance values are of the 
orelcr 0.002 to 0.0,3 uuits irr.tK.e absolute ethanol. 

Calculation of Results. — A s|)ectrophotometrie 
factor (;jg /ml. divided by absorbance at 230 nm) is 
dctcrinincd on a pure steroid sample (not chromato- 
graphed). The ab.sorlxance of the unknown clnate 
times the factor times the eluate volume gives the 
micrograms of stcroiil found, uncorrcctcd for recov- 
ery. The factors used are: triamcinolone, 20,3; 
1,2-dihydrotnamcinolone, 2,3.7; triamciitoloue iso- 
mer, 2(i..S; 1,2-dihydrotnamcinolone isomer. 23.7; 
9(»-fluorohydrocortisone, 2-1. 9. 

In a scries of experiments with pure steroids an 
average recovery of .SO fig. out of 100 pg applied to 
the paper was found. The factor was the same over 
the range 2,5-100 ;ig. of sample applied, although at 
levels less than 25 fig. somewhat less (rn. 70 '.'i ) was 
found. Individual recovery factors on pure sam|)Ies 
were often as high as nO',',' . Recovery from mixtures 
of several components was not afTected by the nature 
of the mixture. The recovery factor should be deter- 
mined under the conditions used and ajiplied to the 
uncorrecled data. 

-Alternate treatment in the form of calibration 
curves constructed over the range 0-100 fig. of ster- 
oid applied versus fig. of steroid recovered yield linear 
relationships, although irregularities occur in indi- 
vidual cases. Attempts to rely on the absolute 
weight of steroid found for the calculation of com 
position were not ide.ising, .so s.ini()le eomiiosilion is 
ex|>ressed in terms of per cent of total steroids found, 
with the aetuid weight found iilso reported Where 
material balances for mnltieomponent mixtnrcs fell 
much below the fill' ! factor the assay is sus))eet 

Some reitresentalive analyses tire |)resented in 
Table II. .All samples tire run in dniilieate and are so 
re))orted. 
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chromatography are used. The increased sample 
charge permits more precision and accuracy in the 
measurement of minor contaminants, indeed, per- 
mits multiple analyses to be made on each resolved 
fraction. Although somewhat lower resolving power 
is usually had in comparison with paper chromato- 
graphic separations using the same solvent mixtures, 
the advantages of rapid operation, increased by the 
use of air pressure, together with the possibility of 
application of several specific methods to the eluatcs 
and increased precision, etc., makes this technique 
invaluable where ser'eral closely related steroidal 
impurities must be controlled. 

A partition system devised by Dr. N. Rigicr, of 
these laboratories, comprised of dioxanc/cyclohcx- 
ane/water in varying proportions, has proved of 
analytical as well as of preparative value. Accord- 
ing to the degree of resolution desired the solvent ra- 
tios of 5/2/1, 5/3/1, and 5/4/1 may be used. Char- 
acteristic hold-back or retention volumes permit 
rapid recognition of the identity of the steroids pres- 
ent in a given sample, and by the use of modern de- 
tecting devices, ultraviolet absorbing fractions may 
be collected separately one from the other and ana- 
lyzed according to the need. 

Experimental 

Preparation of Solvent. — 1,4-Dioxane should be 
freshly distilled from over potassium hydroxide pel- 
lets. Reagent grade cyclohexane is used without 
prior distillation. The solvents, dioxane/cyclohcx- 
anc/ivatcr, arc mi.vcd in the proportions 5/2/1, 
5/3/1 , or 5/4/1 according to the degree of separation 
required, thoroughly equilibrated at the tempera- 
ture at which tlie column is to l)c run (room tempera- 
ture), and allowed to separate. 

Preparation of Column. — Cclite 545 diatomaccous 
earth is washed with methanol and with ethyl ace- 
tate to free it of impurities absorbing in the 240 nip 
region. To 4.6 Gm. of the washed Celite diatouia- 
ccous earth is added 1.9 ml. of the separated lower 
phase of the soh’cnt system to be used, and thorough 
mixing of the solvent throughout the support is ef- 
fected with a spatula. The moistened support is 
packed into a glass column, 1 cm. in inside diameter 
and 35 cm. long (exclusive of a 125-mt. reservoir at 
the top), in layers of about 0.5 Gin. Each incre- 
ment is packed uniformly by repeated light strokes 
with a ramrod whose diameter is just slightly less 
than that of the column. Uniform packing is essen- 
tial for proper resolution anti for reproducible hold- 
back vohime.s. 

Sample Preparation. — Steroid samples from fer- 
mentation broths, etc., by extraction with ethyl 
acetate or other appropriate solvent are eva])oratcd 
to dryness without heat and the residue is dissolved 
ill the lower iihase of the solvent mixture in the same 
manner as for crystalline samples. Sufficient broth 
extract must be taken to afford about 3 mg. of total 
steroids. Approximately 3 mg. of the steroid sam- 
ple is dissolved in 0.23 ml. of the lower phase of the 
approiiriate solvent mixture and thoroughly mixed 
with 0.45 Gm. of washed Celite 545 diatomaccous 
earth support. The mixture is packed on top of the 
prepared column. Ten milliliters of the upper phase 
of the solvent mixture is used to rinse the dish iii 
which the sample has been prepared and the rinse is 
added to the top of the packed column and the liquid 


level is marked. Air or nitrogen pressure is applied 
at3-51b./sq. in. until the first drop of eluate appears. 
The level of the liquid is again noted. The volume 
difference between the two marks is the hold-back 
volume. 

About 70 ml. of the upper phase of the solvent mix- 
ture is added to the column reservoir and gas pres- 
sure is reapplied and pressure is adjusted so that the 
eluate flows from the column at about 1 ml./min. 
The eluate passes through a trap, the purpose of 
which is to prevent air bubbles and separated lower 
phase from entering the flow cell. A hypodermic 
siTingc is used to withdraw lower phase from the 
trap if the level builds up too high. From the trap 
the eluate flows into a spectrophotometiic flow cell 
attached to a Beckman model DU spectrophotom- 
eter set for determination of absorbance at 240 mji. 
The resultant photo-current is recorded on a suitable 
recorder. 

.'\fter passing through the detection device the 
eluate is collected in a series of graduated cylinders. 
According to the shape of the curve being recorded 
on the recorder various fractions are taken and the 
elution process is continued until no further ultra- 
violet-absorbing materials pass through the flow 
cell. Each component is characterized by a hold- 
back volume number, that is, the ratio of the total 
volume of eluate collected up to the midpoint of the 
peak as charted on the recorder to the hold-back vol- 
ume as determined initially. Representative hold- 
back volume numbers (range of values) arc tabulated 
in Table III for triamcinolone and some related 
steroids. 

TaHUS III. — Rlil'KIvSliNTATIVE NUMHKRS OF Hol.p- 
BaCK X'OI.UMES op TRlAMClN’OtONE AND REI-ATED 

Steroid.s on Partition Columns 


HuId'Back Vo1um.se in System: 
Dioxane/Cyclohcxanc/ Water 
Ratio 


Slcrohl 


5:31 


Triamcinolone 

3.2-3 7 

4 3-7 2 

f.a. 10 

1 ,2-Dih y drolriam- 
cinolonc 

1 . 5 

2. 0-4. 4 

0 

Triamcinolone 

isomer 

4,7 5 2 

8 1-12 0 

r«, 12 

1,2-Dihydrolriam- 
ciiiolone isomer 

3 0-3.5 

7.2 

9 

9a'Fluoro!iydro- 

cortisonc 

U.(3-].4 

2,1 


9o'FIuoropredniso- 

lone 

1,7 

2.6 



The several fraelions taken according to tlie shape 
of the elution curve may be anal.vzcd along any of the 
lines already described (1). For polarography the 
fraction is evaporated to dryness, care being taken 
to remove the last traces of solvent prior to dis.sol ving 
in the polarographic solvent. Polarographic deter- 
mination is then made in the usual manner (1). 
Colorimetric determination with tetrazolimn blue is 
performed in the same way as previously described, 
care being exercised in the evaporation of the solvent 
to avoid heating. Each fraction from the column 
may be examined by paper chromatography for fur- 
ther evidence of its homogeneity and identity. 

.-\ jiroccss sample of triamcinolone analyzed with 
this method gave: triamciaoloue. 9.).0%; trium- 
cimiionc isuiiUTr 2.V;i ■ l»2-(iihyfJroiruimcimaonc, 

I ■ I /f » it-U tlic lolul luatcriiil 
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PS 2'^. The recovery of steroids polarogmpliically 
in the eluted fractions averaged PG S''r in a scries of 
2o tri.iriicinoione process s.ini[)Ies, nitli a range of 
SP 7-102 ■I'-f 
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Enzymatic Decomposition of Digitalis Glycosides 


By OLE GISVOLD 


Tn a previous publication the glj’cosiclcs found 
-*• in the first year’s groivtli of a number of 
species of digitalis have been reported (1). The 
glycosides were identified via paper chromatog- 
raphy using two very useful, dependable, quite 
temperature-insensitive solvent systems. In 
some cases the major glycoside was isolated in a 
crj'stalline state. Some of these plants survived 
the tvinter and bloomed in the summer of 1958. 
This permitted us to identify more accurately tlie 
indiA-idual species. It also gave me an oppor- 
tunity' to subject their leaves to the qualitative 
identification of their major glycosides. Ex- 
tracts of tlie fresh leaves obtained by enzyme 
favoring and enzyme inhibiting techniques were 
examined by paper chromatographic techniques 
previously described (1) In all cases the same 
results were obtained as with the leaves from the 
first year’s growth, i. c., the same dcsglucoglyco- 
sidcs were detected when enzyme favoring condi- 
tions were used and the same native glycosides 
when enzyme inhibiting techniques ivere em- 
ployed. The species that were investigated 
were Digitalis mertoneiisis. Digitalis amandiana. 
Digitalis siberica, Digitalis grandijlora, and 
Digitalis orieiitalis. In the case of Digitalis 
orientalis the detectable dcsglucoglycosidcs were 
digoxin and acetyl digitoxin and in the case of 
Digitalis grandijlora they were digoxin, digitoxin, 
and acetyl digitoxin. 

A previous investigation (2) shoivcd that when 
Digitalis purpurea was dried rapidly below 00° 
larger amounts of the native glycosides could l>c 


• Rcccncd June 4. 1950. from the CoUeRe of 
CcUersitv of Minnesota. Minnear<'b-> 

rre?ented to the Scienlif c Section, A. J it A., 
rseetioff. August 1039. 


Pharmacy, 

Cincinnati 


detected. It was further demonstrated that 
these drying conditions did not inactivate the 
enzyme that removes the terminal glucose residue 
of tlie native glycosides. This disco\-cry jirompt- 
ed a similar investigation of the dried leaves of 
the first year’s growth of some of the other species 
of digitalis and analogous results were obtained 
when enzyme favoring and enzyme inhibiting 
tecliniqncs were employed. The same dcsghi- 
coglycosides were detected when enzyme favoring 
conditions were used and the same native 
glycosides when enzyme iiihihitiiig techniques 
were employed. The species investigated were 
Digitalis mcrionensis, Digitalis lanala, Digitalis 
oricntalis, and Digitalis siberica. It was also 
shown with the dried leaves of these species that 
40 percent methanol docs not inhibit the enzyme 
that hydrolyzes the terminal glucose residue of 
the native glycosides. Fiirthcrniorc, this alcohol 
concentration appeared to permit more eoniiilete 
hydrolysis as compared to the use of water or 
possibly 20 per cent methanol. 

Although primary aqueous extracts of the 
fre.sh leaves of some of the digitalis species 
readily led to the isolation of some crystalline 
digitalis glycosides, the volume of water proved 
cumlicrsomc, troublesome emulsions were eii- 
coimtcrcd during extractions with organic sol- 
vents, and in some cases, there was incomplete 
extraction of the less water-sohihle desghicoglyco- 
sides such as acetyl digitoxin and aeelylgitoxiii. 
The use of I.") per cent aqueous methanol was 
more cEcetIve than water and encouraged the ii^- 
of greater cfincentrations of methanol or ethanol, 
liccau'-e -10 [K:r cent concentrations of methanol 
did not inhibit enzymatic activity in the dried 
leaves of Digitalis purpurea vhere-as OG fR-r cent 



September 1959 


SciEKTiFic Edition 


533 


did. these concentrations were also used to 
extract the dried leaves of some of the other 
species of digitalis. In each case the results 
were analogous to those obtained with the dried 
leaves of Digitalis purpurea. The use of 40 per 
cent aqueous methanol permitted the ready 
extraction and subsequent detection of acetjd 
digitoxin in the case of Digitalis lanata whereas, 
when water was used to prepare the primary 
extract, the presence of acetyl digitoxin was diffi- 
cult to establish. 

The use of 40 per cent methanol to prepare the 
primary extracts had the following advantages: 
(a) more complete extraction of the less water- 
soluble desglucoglycosides, (6) much smaller 
volumes of solvent were needed, (c) easier filtra- 
tion or percolation, and (d) less troublesome 
emulsions when the primary extract was ex- 
tracted with organic solvents. The disadvan- 
tages that were encountered are; (a) incomplete 
extraction of the glycosides from the primary ex- 
tract with organic solvents, (b) the necessity of 
diluting this primary extract with water or re- 
moval of part of the alcohol by distillation in 
order to obtain more complete extraction of the 
glycosides with organic solvents, and (c) con- 
siderably greater amounts of undesirable sub- 
stances, some of which are colored, are obtained 
in this primary extract and in turn accompany the 
glycosides in the organic solvent extractions. 
The above discussion applied to both the qualita- 
tive identification and isolation studies. 

In an attempt to improve upon the use of 
40 per cent aqueous methanol, various concen- 
trations of aqueous acetone or methyl ethyl 
ketone were tried. It was found that enzymatic 
activity in the dried leaves was not inhibited by 
40 per eent aqueous acetone or 23 per cent 
aqueous methyl ethyl ketone. In these studies 
about the same advantages and disadvantages 
were encountered as with 40 per cent aqueous 
methanol. In the case of methyl ethyl ketone it 
was possible to add a sufficient amount of 
anhydrous sodium sulfate to effect a separation 
of the methyl ethj'l ketone. A clean cut sepa- 
ration of the ketone was obtained and no emul- 
sions were encountered. In this case the ketone 
served to facilitate the extraction of the glyco- 
sides in the primary extract and also served as the 
organic solvent to extract the glycosides from the 
primar)- extract. This methyl ethyl ketone ex- 
tract contained considerable amounts of im- 
purities in addition to the digitalis glycosides. 
Considerable amounts of impurities separated 
when a second solvent such as ether, isopropyl 
ether, etc., was added. The resultant inLxed 
solvent solution of the glycosides was further 


partially depigmented b)' treatment witli aqueous 
alkali as premously described (1). 

Pigments, chiefly yellow in nature, accompany 
the organic solvent used to obtain the secondary 
extracts from the primary' extracts. The quan- 
tities varied depending on the nature of the 
organic solvent or mixture of organic solvents. 
The solvents that have been tried are methyl 
isobutyl ketone, methylene dichloride plus ether 
(1:3), methyl ethyl ketone, and methyl ethyl 
ketone plus isopropyd ether (1:1). Consid- 
erable amounts of yellow pigment could be ex- 
tracted from these secondary' extracts with 
aqueous alkali and was most effective when the 
solvent was methylene dichloride ether (1:3). 
However, this procedure did not remove all the 
y'ellow pigments some of which were troublesome 
during qualitative paper chromatographic anal- 
yses. After removal of the organic solvent from 
the partially depigmented secondary' extracts the 
residue was dissolved in methanol. In this 
solvent, especially if small amounts of water are 
added, more pigments can be removed with the 
base form of the ion exchange resin IRA-401. 

Powdered dried leaves of Digitalis vicr- 
tonensis were used in order to prepare larger 
quantities of digitoxin using 40 per cent methanol 
to prepare a primary extract. Contrary' to 
previously reported findings (1), I was not able to 
obtain digitoxin as readily' in a crystalline state, 
even though the final preparation contained a 
high percentage of digitalis gly'cosides. Analysis 
by paper chromatography, before and after 
deacety'lation, revealed that this preparation 
contained considerable quantities of acety'l digi- 
to.xin together with larger amounts of digitoxin. 
These results were substantiated when the above 
experiment was repeated several times, on both 
small or large scales using dried leaves, and by 
a variety of extraction techniques. This was 
quite surprising since earlier techniques had led 
to the ready isolation of crystalline digitoxin when 
fresh leaves were employ'ed and water or 15 per 
cent aqueous methanol was used as the solvent to 
prepare the primary' extract. One might con- 
clude that in the latter case the temperatures 
employ'ed or enzy'mes in the fresh leaves led to a 
large amount of deacetylation of the acetyl 
digitoxin. If this be the case, it would differ 
from the results obtained with Digitalis siberica 
where only acetyl digitoxin could be detected 
even though, in this case, the primary extract was 
made with water or 15 per cent aqueous methanol 
in tlie same way' At the present stage of my 
investigations and foi the lack of fresh leaves, no 
clear-cut conclusion can be drawn as to whether 
or not both purpurea glycoside A and lanatoside 
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A arc present ;i.s native plyoisides of Di'iiilalis 
i>:crlni!f)jsis. Further studies tm fresh leaves 
should clarify this situation. 

It should be pointed out at this time that 
DigilaJis v.crlonensis is a hybrid of the Digitalis 
purpurea and Digitalis grandiflora species. The 
former yields purpurea glycoside A which, upon 
partial In'drolysis, leads to digitoxin whereas in 
tlie fatter case lanatoside A is produced which can 
lead to acetyl digitoxin. 

EXPERIMENTAL 

The details of the paper cliromatographic tech- 
niques used in these studies have been de.scribed pre- 
viously (1-3) Both solvent systems I and II were 
used for the development of the paper chromato- 
grams The Raymond reagent or Jensen’s tri- 
chloroacetic acid reagent (4) were used to detect the 
position of the glycosides on the paper. The ex- 
tracts also were prepared as previously describeil 
(1,2). unless otherwise specified. 

Extraction With Methyl Ethyl Ketone. Dried 
powdered Digitalis siherica, 200 Gm . was macer- 
ated with 1,000 cc. of 2.’)',; aqueous methyl ethyl 
ketone for eighteen hours. It was then packed in a 
percolator and slowly percolated with the same 
nienstnim. and 1..t00 cc. of percolate was collected. 
.\ sufficient amount of anhydrous sodium sulfate 
was added to cficct a separation of the ketone (7;V;), 
i>f the original amount of the ketotic separated). 
The aqueous layer was e.xtracted with a second quan- 
tity, 200 cc. of methyl ethyl ketone. The ketone 
extracts were combined and the solvent removed 
under vacuum. The residue was diluted with two 
heaping teaspoons of Cclite filter aid and suljsc- 
quently extracted with isopropyl ether — Skelly B, 
11 (by volume) to remove some lipids and some 
pigments. It was then extracted with 100 cc. of 
methylene dichloridc which was concentrated to a 
volume of 20 cc. and diluted with GO cc. of ether. 
This extract was almost decolorized by extracting 
it with two lO-cc. portions of fi'Tc aqueous potassium 
hydroxide. The organic solvents were removed 
and acetyl digitoxin crystallized from the rc.sidiie 
using a mixture of methylene dichloridc and iso. 
propyl ether. The crystallization of acetyl digitoxin 
was very slow and required a considerable amount of 
time even when seeded. 

A second method of utilization of methyl ethyl 
ketone was as follows; 10 Gin. of dried, powdcretl 
Digitalis merlancitsis \\~.is heated at G0° with I.V) 


cc. of water for one hour. The mixture w;is fthcreil 
and the drug washed with ."lO cc. of hot (S()°) water. 
The filtrate, IGO cc., was diluted with 40 cc. of methyl 
ethyl ketone. .Anhydrous sodium sulfate then was 
addcil to elTcct a separation of the ketone. No 
emulsion was encountered. The aqueous layer was 
extracted with a second portion (30 cc.) of methyl 
ethyl ketone. The ketone extracts were combined 
and treated ns dc.scribcd above. In addition, a 
niethanolic solution (4 cc. ) of the final product was 
treated with the powdered base form of 1R.\-401 
which removed considerable additional amouiiLs of 
yellow pigments. The final preparation, when ex- 
amined paper chromatographically, rcvcalerl the 
presence of digitoxin and acetyl digitoxin. The 
identity of acetyl digitoxin was further established 
when, after dcacetylntion cither by IR.A-401 (base 
form) in hot S.i' r aqueous methanol or 0.1 A' NaOII 
in methanol, paiier chromatographic analyses 
showed the disappearance of acetyl digitoxin with 
an increase in the intensity of the digitoxin spoi and 
the appearance of no new glycoside. 

This experiment was designed to favor ileaeetyla- 
lion bftvinsc witter ititil iciitperiiliircs tttulir lit)'’ 
appear to favor deaeelyhilion in the case of fresh 
leaves In another experiment the primary aqueous 
methyl ethyl ketone extract was boiled for one hour; 
however, acetyl iligitoxin could be readily detected. 
.\t the present stage of my researehes the status of 
digito.xin and acetyl digitoxin as desgliicoglyeosides 
from Digitalis tiicrioueitsis needs further invesiig.i- 
tion. 

Extraction With 40 % Aqueous Methanol. - 
Dried, powdered Digitiitis iiicrtoiieiists, 10 Om., was 
digested for five days with 100 cc. of 40% aqueous 
methanol. After filtration the marc was wa.slied 
with 50 cc. of the same solvent. This primary ex- 
tract was concentrated to remove most of the alco- 
hol. It was then extracted xvith methyl isobulyl 
ketone and further inirificd in the usual way. Paper 
chromatographic c.xamination showed the pre.sence 
of digitoxin and acetyl digitoxin, and the latter 
seemed to predominate. This experiment xvas per- 
formed to see (a) if deacetylation would take place 
over this period of time and (5) to see if the glyco- 
sides would remain intact. Shorter jieriods of mae- 
cration gave similar results. 
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Reactivity of Bisulfite With a Number 
of Pharmaceuticals* 


By TAKERU HIGUCHI and LOUIS C. SCHROETER 

Although bisulfite is presently widely employed as an_ antioxidant in preparations 
containing drugs which readily autoxidize; the antioxidant itself, according to the 
study described, undergoes reaction with a number of these compounds. Results ot 
the present investigation show that sympathomimetic and other drugs which are 
para- or orf/^o-hydroxybenzyl alcohol derivatives react with bisulfite to yield cor- 
responding sulfonic acid derivatives. Both amino and nitrobenzyl alcohols similarly 
conjugated (e. g., chloramphenicol) also appear to be subject to similar reactions. 

The resulting sulfonic acids seem to possess little or no activity. 


B isulfite has been employed in pharmaceuti- 
cal preparations as a stabilizer for many 
years. It has, in many cases, served very well 
in this capacity and inclusion of bisulfite into 
jirejiarations as an antioxidant has become an 
accepted procedure. Attainment of a clear so- 
lution or elegant preparation through the use of 
bisulfite with easily oxidizable compounds has 
<lonc much to support its use in formulations. 
In the present communication it is shown, how- 
ever, that the stability of many important 
pharmaceuticals may be seriously impaired by 
the presence of bisulfite. 

The reaction of aldehydes or certain ketones 
with bisulfite and the addition of bisulfite to the 
alkene linkage has been intensively studied (1, 2) 
and reactivity of these compounds is generally 
recognized. Reaction of alkyl halides with al- 
kaline sulfite in aqueous solution to yield alkyl 
sulfonic acids is somewhat less known. Clutter- 
buck and Cohen (3) report the formation of a 
number of substituted benzyl sulfonic acids by 
boiling the corresponding benzyl bromide with 
aqueous sodium sulfite. The mechanism for this 
reaction appears to involve nucleophilic attack 
of sulfite at the partially positive carbon to j'ield a 
carbon-sulfur bond : 

S'* S"' 

R-CH.-X + SO,- > R-CH,~SO,- -f- X" 

The interaction of aromatic nitro compounds 
with dilute sulfite solution to yield an arylamino- 
sulfonic (arylsulfamic) acid and its sulfonation 
product takes place under similar conditions and 
is knoum as the Piria reaction (4). Nuclear 
sulfonation takes place ortho or para to the nitro 
group, presumably due to a nucleophilic attack 
at the partially positive carbon atom. 

Early attempts to preserve rice polish extracts 
with sulfurous acid led to prompt and complete 
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loss of thiamin activity. Further studies (5) 
showed that thiamin was cleaved by bisulfite 
into two compounds, one of which was a sulfonic 
acid. Thiamin cleavage of bisulfite has been 
demonstrated (6, 7) to occur as follows: 


NHc 

i 

ffVcHe- 


H.,C- 


+ /• 

-N 


CH,i 

i— . 


-CH-— CHeOH 


-S 


HSO,r 





E.xperiments (0) with tritium indicated hydrogen 
is not exchanged in or out of the interannular 
methylene bridge of thiamin or of the sulfonic 
acid during the cleavage process. It appears 
that the pjTimidine sulfonic acid results from a 
nucleophilic attack on the partiall}' positive 
methylene carbon. 

In view of these observed reactions involving 
bisulfite, it is evident that the use of the anti- 
oxidant maj’ result in instances of reduced 
stability. An example of this is the recently re- 
ported degradative route of epinephrine (8). 
The present study is concerned with this reaction 
and with determination of the types of drugs 
which may e.xhibit tendencies in this direction. 
Specifically, results of investigations on the re- 
action of bisulfite witli epinephrine, ephedrine, 
2-amino- 1 -phenylethanol, 2-raethylafflino- 1 - 

phcnj’Iethanol, catechol, resorcinol, quinhydrone, 
Metliadren, N-acetylepinephrine, Synephrine, 
Neosynephrine, />-hydro,xytoluene, /)-methoxy- 
benzyl alcohol, methyl-/>-hydroxybenzoate, sali- 
cylamide, salicyl alcohol, w-hydroxybenzyl alco- 
hol, p-hydroxy benzyl alcohol, p-aminobenzyl 
alcohol, p-aminobenzoic acid, 4-aminobenzoic 
acid, 4-aminosalicylic acid, tartaric acid, starch, 
chloramphenicol, and p-nitrobenzyl alcohol are 
reported. 
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EXPERIMENT AI. 

Epiiicplirine solutions were prepared in 0.1 d/’ 
acetate or phosphate buflers. Tlie pH was deter- 
mined at 20° using a Beckman model G pH meter. 
The solutions were flushed with nitrogen and stored 
under a positive nitrogen atmosphere until ready 
for use. Thc.se solutions served as blanks. Identi- 
cal solutions were prepared containing, in addi- 
tion, varying concentrations of sodium bisulfite or 
sijdium sulfite. The pH of these solutions was ad- 
justed at 2.5° to that of the appropriate blank and 
then flushed with nitrogen. Solutions were filled 
into a jacketed-polariinctcr tube designed so that a 
nitrogen atmosphere was maintained above the 
solution at all times. Pol.arimetric measurements 
were made with a Zeiss-Winkel polarimctcr using 
5S9 mn filtered sodium light at the temperature of 
the thermostat. 

Bisulfite or sulfite solutions were prepared in 0 1 
.1/ acetate or phosphate buffers. The pH was deter- 
mined at 25°. These blank solutions were flushed 
with nitrogen then rapidly filled into hard glass am- 
puls Identical solutions were prepared containing, 
in addition, v.arying concentrations of epinephrine. 
The pH was adjusted at 25° to that of the appro- 
priate blank, then flushed with nitrogen and rapidly 
filled into hard glass ampuls. The filled ampuls 
were flushed with nitrogen, evacuated, and sealed 
under vacuum. The sealed ampuls were stored at 
a constant thermostatically controlled temperature 
which varied less than 0.1°. Sampling was per- 
formed by periodically removing ampuls atid quickly 
chilling in an ice-water mixture. Prior to analysis, 
ampuls were adjusted to 25°. The pH of all solu- 
tions subjected to elevated temperature was deter- 
mined. Available bisulfite ivas determined by iodo- 
metric titration. 

Reactivity of bisulfite with the following com- 
pounds wa.s tested as de.scribcd above; Ephedrinc, 
U. S. P ; 2-amino- 1-phcnylethanol and 2-mcthyl- 
amino-l-phenylcthanol synthcsiKCd from styrene 
bromohydrin according to the method of Read 
and Reid (9); catechol; rc.sorciiiol; quinhydrone; 
Mcthadren (X-mcthylcpincphrinc)‘; X-acetylepi- 
ncphrinc, m. p. 1,35° obtained by h.vdrolysis (pH 7.,5 
phosphate buffer) of Ok 0‘, X-triacetylcpincphrinc; 
Syncphrinc and Xcosynephrine-; />-hydroxytoluene; 
p-methoxy-benzyl alcohol; mcthyl-/>-hydroxybcn- 
zoate; salicylainide; salict'I alcohol; m-hydro.vy- 
benzyl alcohol; p-hydroxybeuzyl alcohol; /)-amino- 
bcnzyl alcohol; p-aminobenzoic acid; d-aminosali- 
cylic acid; tart.aric acid; and st.arch U. S. P. 

The reaction product resulting from bisulfite with 
erf/io-hydroxybcnzyl alcohol was preparcil in {piaii- 
tity by heating in aqueous solution of O.I .If sidicyl 
alcohol and 0.2 .1/ sixlium sulfite in an evacuated, 
se.alcd ampul at S0° for periods up to one hundreil 
hours. After cooling, the solution was extracteil 
four times with equal volumes of ether An 
aliquot was oxidized by alkaline pennanganate :ind 
compared with ed/ie-sulfobenzoic acid obtained by 
acid hvdrol.vsis of sncchnrir.. The aqueous .srdiilion 
wa‘- made distinctly acid '\ith liydnK-hlorie .ichl 
(pH 2) and the sjilutioii again e.xtr.ieted aith ether. 

' setniptr, trrnrrtiu-ly sum'Iirtl l>>' l.atr-nir laiNaalonr-,. 
MilwauVre. \\'»N , „ 

sSarnplcv cmerous’y by inthffip Re- 

search Institute. Rensselaer, X V. 


An aliquot of the aqueous acid solution was boiled 
with 2,-l-dinitrophenyIhydni7.ine solution. Part of 
the aqueous aeid solution was basifietl with sodium 
hydroxide and methylatexl under alkaline conditions 
with diinethylsulfatc. The b;isic solution was 
cxtnactcd four times with equal volumes of ether. 
The methylated product was comparexl with known 
or/fio-mellioxybenzyl sulfonic acid synthesized by 
the method of Cluttcrbuck and Cohen (.3) from the 
corresponding benzyl bromide and sodium sulfite 
solution. Both products were reacted with phos- 
phorus pentnchloride (0.5 of sod. sulfonate + 2 
Gni. PCls) at 1.50° under reflux for forty minutes. 
Rc.sidue was extracted with benzene. Benzene 
solutions were evaporated to dryness. The residue 
was boiled with concentrated ammonium hydroxide 
solution. 

Chloramphenicol and p-nitrobenzyl alcohol solu- 
tions were prepared in 0.1 .If phosphate buffers and 
flushed with nitrogen prior to filling into ainpuK. 
Chloramphenicol .solutions were also iirepared with 
i.-threo-chlor.amphenicol in ethylene glycol-water 
(.30:20). These solutions served as blanks. Iden- 
tical solutions were prepared eontaiuing. in addi- 
tion, var.ving concentrations of sodium bisulfite or 
sulfite. Ampuls were scaled under vacuum and 
stored for varying periods in a thennostat. Bi- 
sulfite loss from solutions was followed by iodo- 
metric titration. Chloramphenicol was assayed by 
a ehromatographic procedure (10) and the optical 
activity (ethylene glycol-water solutions) deter- 
mined at 25° in a 2-dm. micro polarimctcr tube 
using 589 mp light. 

RESULTS AND DISCUSSION 
Reaction with Epinephrine 

Studies with epinephrine .and optically active 
model compounds indicate that loss in optical 
activity occurs simultaneous to epinephrine and 
bistdfite lo.ss. Evidence strongly suggests the 
asymmetric secondary alcohol carbon of ei>inephrine 
as the reactive site in this reaction : 

HO— CH— Cllr- N'HCH, -f- 

1 

OH 

SOr ‘ HO Cn- CH. -XHCII, 

HO^^==/ I 

.SOiH 

The course of tlie reaction scorns to ho somewhat 
cIcpcinlcTit on the pH tlie reactinK *'y‘’teni. 

At pif of f> o, tlie reaction appears to he (Icfinitcly 
a sccoml-ordcr reaction where — (/(lip)/f// « —d{n)/ 
dt — A* (I'-p) (Bi) as slifiwn in Table I. The hi- 
sulfite concentration beiiiK in this instance tire total 
of sulfite and bisulfite concentration. This rel.i* 
tioiisliip is also evident in the loj,Mrithniie type plot 
shomi in Fife. 1 for systems startinjT 'vith f/bsiniilar 
concentrations as followed by bi^nlflte titration. 

Loss of optical activity afipears to rxrctir at the 
.sanic rate as loss of bisulfite .and eqnilibrinrn ojitie.i! 
activity of s/ihitions is .-tlways yrr**. ^fhe folhrAinil 
scheme will readil> e.xjihim /tro optic al act i^ il > : 

(sory 

_ ) , b:plli' -b; 

("lou } (fast ; 

refers to si;;Ti of optical rotation; 
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Table I. — Initial Rates of Bisulfite and Opti- 
cal Activity Loss from Solutions Buffered at 
pH 6.5 WITH 0.1 M Phosphate” 



Soln. A* 

Soln. B* 

Temp , 



”C. 

(mole I “> sec.'O 

(mole 1 sec. *■*) 

90 

6,63 X 10-« 

6.73 X io-« 

84 

3.65 X 10-« 

3.58 X 10-« 

78 

2.09 X 10-« 

1.96 X 10 -« 

72 

1 .21 X 10-' 

1 .09 X 10-» 

66 

7.12 X 10-’ 

5.90 X 10-’ 


a Initial rate of loss for reactant present in lesser concen- 
tration where concentration change is less than 10%. 

h Solution A — 2.75 X epinephrine, 9.C0 X 10~* M 

sodium bisulfite. Optical activity assumed to be due to 
iepo-epinephrine. 

c Solution B — 1.92 X lO'^ilf sodium bisulfite, 5.50 X 
10"* Af epinephrine. 


40 



Fig. 1.— Typical plots establishing second-order 
characteristics of epinephrine (Ep)-sodium bisul- 
fite (Bi) reaction at pH 6.60 and various tempera- 
tures. A — 5,50 X 10"^ M epinephrine base (Ep) 
and B — 1.92 X 10“® sodium bisulfite (Bi), Rate 
constants were calculated from slopes: k — m Y. 
2.303/A - B. 

This is the form of the 8112 mechanism. Implied 
in this mechanism is dependence of reaction only on 
epinephrine. If this were the only mechanism, the 
rate of bisulfite loss would equal the rate of loss of 
optical activity; however, observed second-order 
kinetics at higher pH values suggest additional 
patlnvay(s). Prior studies (8) indicate that this 
mechanism may make significant contributions 
to the reaction at pH values below 4.5. 

At higher pH values, a slow, rate-determining 
Siij reaction between epinephrine and bisulfite 
followed by rapid racemization seems a distinct 
possibility. In this case, one must assume rapid 
racemization since the Sn. mechanism generally 
involves inversion of configuration at the optical 
center utui this would tend to create a positive 


equilibrium optica! rotation. Kinetic evidence 
indicating that the reaction is second order at 
pH 6.5 suggests the following; 

Rp( - ) -k Bi > RpBi( -k) EpBi( - ) 

slow (fast) 

Isolation of bisulfite-salicyl alcohol fis discussed 
below strongly suggests the fonnation of a benzyl 
sulfonic acid and, if the reaction in this model 
compound is similar to that of epinephrine, one 
would c.vpect that the epinephrine-bisulfite product 
is also a benzyl sulfonic acid. 

Bisulfite Reactivities of Other Compounds 

Results of a screening test with a number of 
pharmaceuticals having close or distant similarity 
to epinephrine are given in Table II. In all cases a 
substantial excess of the drug was used and the 
bisulfite concentration followed by iodometric 
titration. The rate is expressed in terms of pseudo 
half-life at the given concentrations of the medicinal 
agents. 

Ephedrine and Analogs. — Variation of reactant 
molarity, pH, or buffer failed to give a detectable 
reaction between ephedrine and bisulfite. Struc- 
tural differences between ephedrine and epinephrine 
suggested that either the phenolic hydroxyls of 
epinephrine or the Slightly different side chain ac- 
counted for the lack of reactivity of ephedrine with 
bisulfite. Failure of both 2-amino-l-phenylethanol 
and 2-methy]3mino-l-phenylethanol to react with 
bisulfite indicated side chain involvement to be a 
questionable hypothesis. 

Dihydroxy Benzenes. — The isomeric dihydroxy- 
benzenes (catechol, resorcinol, and the hydroqui- 
none-quinone combination) also failed to react with 
bisulfite under standard conditions of the study. 
Reaction between bisulfite and hydroquinone 
and resorcinol on prolonged heating has been re- 
ported (11) but no loss of bisulfite was detected in 
our study. This seemed to indicate that the overall 
reaction between epinephrine and bisulfite involved 
the phenolic function with at least part of the side 
cliain. 

Epinephrine Analogs. — Xeosynephrine, differing 
from epinephrine only in lacking the 4-hydroxyl, 
failed to react with bisulfite; however, Synephrine 
(p-melhylaminoethanol phenol) reacted rapidly 
with bisulfite. Metliadren (N-methylepinephrine) 
likewise underwent rapid reaction with bisulfite 
further indicating that the p-hydroxybenzyl alcohol 
portion of tiie molecule was involved in the reaction. 
Under identical reaction conditions, the pseudo 
first-order rate constant for the Methadren-bi- 
sulfitc reaction was found to be approximately the 
same as that for the epinephrine-bisulfite reaction. 
Basicity difference between the secondary and 
tertiary amine apparently docs not much influence 
the reaction rate. The N-acetylcpinephrine re- 
action with bisulfite occurs at a slower rate than that 
found with epinephrine or Synephrine. The proto- 
nated amine in epinephrine, pKa 8.55, and Syn- 
cphrinc, pKa 8.62 (12), appears to facilitate the 
reaction. 

Catechol-Phenylephrine Combination.— Evidence 
against sequential reaction of bisulfite with side 
chain, followed by attack on phenolic hydroxyls 
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Table II — Continued 


— '■ 




Bisulfite 

Total Residence 

Compound 

Conen. 


Buffer pHfe 

Half-Life, hr. 

Time» hr. 

CHoQH 

n 040 


6.. 50, Phos. 

0 


/i-Hydroxybenzyl alcohol 

0 080 

.17 

7 20, Phos. 

11 


/>-Aminobenzyl alcohol 






H-y— COOH 

0 036 

U 

6 SO, Phos. 

y.R. 

90 

p-Aminobenzoic acid 






4- Aminosalicylic acid 

O 

0 03.3 

M 

6 80. Phos, 

y.R. 

96 

0 0.36 

M 

7.00, Phos. 

y.R. 

120 

Salicjdamide 

HOOC— CHOH— CHOH— COOH 

0 067 

U 

7 20, Phos, 

N.R. 

120 

Tartaric acid 






Starch U. S. P. 

0 5% 


7 20, Phos. 

y.R. 

120 


" Solutions stored in evacuated, sealed ampuls 

i* 0 I jlf acetate (Ac ) or 0 I ,lf phosphate (Phos ) buffers. 


or vice versa was provided by the study of the cate- 
col-phenylephrine combination with bisulfite. Fail- 
ure of the combination to react with bisulfite further 
substantiates the idea of the ^-hydroxybenzyl al- 
cohol moiety of epinephrine as the active portion. 

/;-Hydro3cytoIuene, p-Methoxybenzyl Alcohol, and 
MethyI-/>-hydroxybenzoate. — ^Tlie simple model 
compounds, p-hydroxytoluene, p-methoxybcnzyl al- 
cohol, and raethyl-^-hydroxybcnzoate, show no 
reaction with bisulfite under standard conditions. 
These compounds arc all para-substituted benzenes; 
however, resonance contributions to give the quinoid 
structure are not nearly so large as in the para- 
hydroxy benzyl alcohol. 

Hydroxybenzyl and p-Aminobenzyl Alcohols. — 
The isomeric hydroxybenzyl alcohols show very 
significant information in that the ortho and para 
isomers react rapidly with bisulfite while the meta 
does not. This confirms the results obtained with 
Synephrine and Neosynephrinc which arc pnra- 
and Hie/«-hydroxybcnzyl alcohol derivatives, re- 
spectively. Involvement of contributing resonance 
forms seems apparent at this ]mint and studies with 
p-amiuobenzyl alcohol strongl}- sugge.st the para- 
quinoid structure of a benzyl alcohol as the reactive 
form Further, the reaction of p-amino-benzyl 
alcohol obviates consideration of the phenolic 
group per se. 

P-Aminohenzoic Acid, 4-AminosaHcylic Acid, and 
Salicylamide. — Studies with p-aminobenz<jic acid, 
4-amino salicylic acid, and salicylamide indicate 
that the aromatic amino group and the phenolic 
hydroxyl group do not account for the bisulfite 
reaction in themselves These groups, when Para 
or ortho to the benzyl alcohol, make the quinoid 
resonance form a distinct possibility and activate 
the alcohol. 

Tartaric Acid and Starch U. S. P,-— As expected. 


no reaction was detected with the common formula- 
tion ingredients, tartaric acid, and starch U. S. P. 

Salicyl Alcohol-Bisulfite Product. — Reaction of 
salicyl alcohol with sodium bisulfite in a sealed tube 
yields a polar compound insoluble in ether and 
showing the same ultraviolet spectrum as salicyl 
alcohol. Combustion analysis of the product in- 
dicated the formula: C 7 H 70 ,NaS. Alkaline per- 
manganate oxidation of the product yields no 
isolable or ultraviolet-detectable aromatic products. 
If the reaction involved substitution at the phenolic 
hydroxyl group, oxidation should have yielded 
ortho sulfobenzoic acid. 

Acidification of the salicyl alcohol-bisulfite 
product failed to yield an ether-soluble product and 
boiling the acid solution with 2,4-dinitrophenyI- 
hydrazine failed to yield a derivative. An aldehyde 
intermediate in the reaction seems unlikely. Meth- 
ylation of the salicyl alcohol-bisulfite product with 
dimethylsulfate under basic conditions produced 
a polar compound insoluble in ether which showed a 
doublet peak in the ultraviolet. The doublet 
peak at 273 and 280 mp was identical with the 
or/lio-methoxybcnzylchromophore. 

The methylated product and known nrllw- 
niethoxy benzyl sulfonic acid were subjected to 
alkaline pennanganate oxidation under a reflux 
condenser for periods up to six hours. Less than 
10% art/m-methoxybenzoic acid was isolated from 
the mi-vture. The remainder of the product in each 
case is unchanged indicating the inordinate re- 
sistance of benzyl sulfonic acids to alkaline hy- 
drolysis and alkaline oxidation. 

Both the methylated product and known ortho- 
methoxybenzyl sulfonic acid failed to yield sulfuryl 
chloride derivatives by usual phosphorus penta- 
chloride procedure. Reaction residues contained 
varj'ing amounts of or(/ip-raethoxvbcnzvl chloride. 
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f'onnalKin of benzyl clilorides rather lliaii expected 
Ntilfonyl chlorides has been previonsiy rcporlct! (1). 
Apparently strict ce>ntroI of reaction conditions is 
necessary to obtain benzyl sulfonainidcs since 
Cbittcrbiick and Cohen (3) report preparations of 
sulfonamides derivatives for substituted benzyl 
sulfonic acids other than ortho- and /inrn-inethoxy- 
bcnzyl sulfonic acid 

Chloramphenicol. — Degradation t>f chlorampheni- 
col induced by bisulfite appears to be considerably 
more complex than that found with epinephrine. 
Certain similarities may be seen in Fig. 2 in which 
both the log of chloramphenicol loss as determined by 
chromatography assay and log of optical activity 
arc plotted against time. The reaction follows 
pseudo first-order kinetics since the bisulfite is 
initially in e.\cess. Loss in optical activity occurs 
at a rate much greater than that observed in the 
absence of bisulfite. Presence of two optically 
active c.arbon atoms imposes an element of un- 
certainty in evaluating polarirnctric data and, 
to be sure, the initially levorotatory solutions were 
found to yield dextrorotator.v solutions at equilib- 
rium ( 1.5 half-livesj Further, the stoichionietrv of 



Fig. 2. — Eth.vlene glycol-water (S0;2d) solution 
of 0.1,55 .1/ i,-threo-chlorainphcnicol and 0.23.S .If 
sodium sulfite at 5S°. Per cent chlnramphcnicol 
(Chlor.) and per cent sulfite plotted logarithmicall.v 
on left a.xi.s; optical rotation in degrees measured 
at 25° in 2-dm. polarimeter tube plotted logarithini- 
call.v on right axi-,. 


the reaction is complicated by the reductive tend- 
ency of bisulfite with nitro compounds and its 
miclcoiihilic reactivity toward alkyl halides. 

Studies with the model compound, />-nitrohenz.v| 
alcohol, indicated very rajiid loss of bisulfite from 
solutions Avith concomitant aiipearancc of a pol.ir 
compound. Production of the [lolar priKluct (vas 
followeil by partition studies of the solutions, .As 
with chloramphenicol, the initial rale loss of the 
nitro compound is near that of bisulfite: however, 
as the reaction proceed.s, the bisulfite loss tends to 
increase, indicative of side reactions. 


GENERAL OBSERVATIONS 


Comparative study of epinephrine and ephedrine 
analogs .and model comitounds clearly indicated 
th.at the reaction between epinephrine and bi- 
sulfite is not unique. The basis for the reactivity 
of epinephrine or similar drugs with bisulfite under 
conditions of the experiment has been shown to 
involve the h.vdroxybenzyl alcohol portion of the 
molecule. 

The influence of position in the reactivity of the 
isomeric h.vdroxybenzyl alcohols indic.it cd that 
resonance contributions to a quinoid structure 
would account for lack or reactivity of iiirhi isomer. 
Correctness of this concept was substiintiated in 
studies with /i-nminobenzyl alcohol, ivliich has 
considerable quinoid re.sonance contribution. 

The chloramphenicol study showed certain 
.similarities to the epinephrine reaction in that 
optical activity loss occurs at nearly the same rate 
as the loss of chloramphenicol. 7'he reaction ap- 
pears to be more complex than that observed with 
hydroxybenzyl tdcohol derivatives. .Studies with 
the model com|)ound /)-nitrobenzyl alcohol indicated 
strong possibility for nitro reduction. 


REFERENCES 

(1) Sutcr, C. M , Or^nnic CMprrn'stry ttf Sulfur." 

/oho U'ilcy ^ Sons. N’ew N*. V , lUtt, |»p. Jftt 

(2) Kharn*.ch, M S , M:iy, K .M., nntf Afnyn. /■' It . J 
Ori Chrm ,3, ITofIJKtS) 

(.'t) CluttcrbucL, I’ W'., nml Ccilicn, J H . / Chrvt Soc , 
123,2.'»07(n»2:i) 

(-1) Iliijitpr, \V. II . anil SpriinK’, M. M , J . A m. Chevi. Soc , 
53, M32(l!»'tl) 

(.’*) K. K . \^'n!crrnnii. K K , Krrr'<ztc<y, J C , 

nn<I Itiickmun. !•-. K .tbiil , 57, 

(t») Try, K , Intn’ahani, I- I- , arni I* If , 

ibij .7 q,:,22:,(\u:»7) 

(7) DcTiir, I) I*., anrl WrMhcirncr, I’ If , . 81, I7'j 

(19.VI) 

(8) Schroptcr. L C . Ilicuclii. 'I* . urn! Schulrr, I' I’,, 
Tins JocfKvAi,. 47, 723(I!».')‘') 

(‘l| Rent!, f. ant! Rpitl. W O . J. Chem. S"i . 1028, 
1187 

(lO) Hiciiclu. T . Marcus, A I) , ari'l Hint, C* S , Tiei'» 
JfM’KNAI.. 43, 

fll) I'urhs, \V .and ^•I^rlpr, It . /W . 57 B, 

(12) Tuckrrmun. M M . M.iver, J It , arnl Nach«wf, i' 

C .J Am ('hem >»•< , 81 , r>2( 




Protective Effects of Air Under Pressure on 
Certain Pharmaceuticals During Steam Autoclaving* 

By LEON LACHMAN, ■ DONALD JACONIA, and PHILIP EISMAN 


Pharmaceutical products such as jellies packaged in collapsible tubes cannot be 
properly sterilized in conventional steam autoclaves because of expansion or burst- 
ing of the tubes. Similarly, leakage at the cap occurs during the sterilization of 
screw-capped bottles. In this report, a redesigned steam autoclave is described 
which permits the practical sterilization of these pharmaceutical formulations. This 
autoclave is a dual-control unit permitting the introduction of air under pressure 
into the chamber so as to obtain a total air plus steam pressure greater than that of the 
vapor pressure within the containers. In addition, this unit allows for a reduction in 
chamber temperature without loss of chamber pressure during the cooling cycle. 
The suitability of this dual-control autoclave for the sterilization of the aforemen- 
tioned products under various conditions of temperature and pressure was deter- 
mined. Data are presented indicating that these pharmaceutical products can be 
effectively sterilized without deleterious effects to the containers. The jellies and 
solutions used in this investigation were heavily contaminated with B. cereas spores. 
Recordings of the temperature within the containers and chamber show that there 
is a lag in the rise and fall of the temperature within the containers as compared to 

that of the chamber. 


A LTHOUGH there are a number of techniques in- 
volving heat which may be employed for the 
sterilization of various pharmaceutical dosage 
forms, there is little doubt that the most depend- 
able procedure is the one which utilizes steam 
under pressure. Unless the product to be steri- 
lized is deleteriously affected by the temperature 
and pressure involved, the autoclave serves ad- 
mirably in destroying all forms of microbial life 
The effectiveness of this method of sterilization 
is dependent upon two essential factors, namely 
moisture and heat It is a universally accepted 
fact that the thermal destruction of microor- 
ganisms parallels the principles involved in the 
heat coagulation of proteins In the presence of 
adequate amounts of water, the coagulation of 
proteins occurs at temperatures well below that 
necessary to achieve the same results when the 
moisture content is appreciably reduced This 
relationship between coagulation temperature of 
proteins and moisture content was presented in a 
classic paper by Lewith (1) in 1890, a summary of 
which is shown in Table I 

The term autoclave, as it is usually applied, re- 
fers to a chamber capable of accepting pressurized 
steam under controlled conditions The ster- 
ilizing power of the steam is a function of its tem- 
perature and not its pressure. However, since 
the temperature in the autoclave is proportional 

^ * Received May 7. 1059, from the Research Department 
Ciha PImrniacciitical Products Inc Summit, N J 
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1 he authors wish to acknowledge their appreciation to Mr 
Jock Cooper and Mr Jack tararus whose initial development 
work in the terminal steriliration of collapsible aluminum 
tubes in modified experimental and production steam pres 
sure auloclaics led to the concept of the d *al pressure auto 
clasc We arc also indebted to Mr Wdiiam Glen Mr 
Uobert McDonald, and Mr H G Boucher of the Wilmot 
Castle l-aboratories for designing the dual control autoclasc 
used in this study. 


Table I. — Coagulation' of Egg Avnums With 
i'ARYiMG Moisture Content 


Egg Albumm-Water Mixtures 

Temperature of 
Coagulation 
in 30 Min , ® C 

Aqueous solution 

56 

With 25% water 

74-80 

With 18% water 

80-90 

With 0% water 

145 

Water free 

160-175 


to its steam pressure, an increase in pressure re- 
sults in an increase in temperature 
Not all pharmaceutical products can be suit- 
ably sterilized in an autoclave In the process of 
autoclaving, pressure is built up within the con- 
tainer being sterilized because of the vapor pres- 
sure of water and the partial pressures of volatile 
components, if present in the formulation. Un- 
der these circumstances, the internal pressure 
could be substantially greater than the steam 
pressure within the chamber itself. This pressure 
diflerential could result in collapsible tubes e.x- 
panding and bursting at the crimp end, screw- 
capped bottles losing a portion of their contents, 
and the breaking of glass containers Further- 
more, during the cooling phase of the sterilization 
process, the chamber almost always cools at a 
faster rate than does the contents of the sterilized 
packages. As a consequence, pressures within 
these containers are substantially higher than that 
of the chamber, and unless these containers are 
properly sealed and adequately constructed, del- 
eterious effects may result. Containers such as 
collapsible tubes, whether constructed of alu- 
minum or plastic, bottle assemblies fitted with 
screw caps, and Fenwall bottles with their not- 
too-firmly anchored caps are particularly subject 
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to tin's undesirable effect of uneven pressures 
For this reason, such products as sterile jellies and 
ophthalmic solutions are often commercially pre- 
pared according to aseptic techniques. 

This difficulty, namely the bursting of collapsi- 
ble tubes and the leakage of solution from screw- 
capped containers, can lx; overcome by the simple 
expediency of controlling chamber pressure 
through the introduction into the chamber of air 
under pressure during the heating and subsequent 
cooling cycles However, the addition of air to 
steam results in a mixture which, at any particular 
total pressure, has a temperature lower than that 
obtained with saturated steam alone at the same 
pressure (2). This relationship of air plus steam 
pressure to temperature is exemplified by the data 
presented in Table 11. Thus, if one operates an 
autoclave in which only one-half of the air in the 
chamber has been removed, a pressure of 1.3 p. s. i. 
results in a temperature of 112° as contrasted to a 
temperature of 121 ° in the case where all the air 
has been evacuated. As illustrated in Fig. 1, one 
can predetermine the temperature resulting from 
tlie use of any proportion of air to steam by plot- 
ting the chamber temperatures against different 
proportions of air and steam at a constant total 
pressure. 

Consideration was then given to the possibili- 
ties of utilizing air-steam mixtures in the sterili- 



Fig I plot Ilf air-'.tre.iiii ini\ture> rv teiiiper.i- 
tiirc .It (lifTerent tnt.il giiiiBK pressuri- 


zation of products not nonnally amenable to con- 
ventional autochiving treatment liecanse of le.ak- 
age or other undesirable physical effects to the 
containers. Excellent examples of such products 
arc pharmaceutical jellies packaged in collapsible 
aluminum tubes and ophthalmic .solutions in 
screw-capped bottles. Through the cooperation of 
the Wilmot Castle Company Laboratories in 
Rochester, X V., an autoclave was redesigned so 
as to permit the regulation of chamber temper- 
ature and pre.ssure independently of eacli other. 
This redesigned autoclave was made available 
to us for use in this study and hereafter will be re- 
ferred to as the “dual-control autoclave.” 

The objects of this study were (a) to determine 
the sterilizing effectiveness of contaminated 
pharmaceutical jellies and ophthalmic solutions 
subjected to various combinations of temperature 
and pressure in the dual-control autoclave; and 
(b) to determine the ability of the tubes and bot- 
tles to withstand physical changes under the.se 
conditions In addition, simultaneous tempera- 
ture recordings were made of the autoclave cham- 
ber and the contents of the containers in order to 
determine whether a substantial time lag occurs 
between the rise and fall of the temperature 
within the tubes and bottles in relation to the 
chamber temperature 

EXPERIMENTAL 

Design of the Dual-Control Autoclave 

.\s sliown in Fig 2, this unit is esseiiti.illy an 
adapted steam autoclave of the ordinary tyjic in 
which it is possible («) to liuild up iiressure without 
heat, (e) to utilize temperatures below- 100° w ithout 
pressure, and (r ) to apply varying temperatures and 
pressures concurrently. These features are brought 
alxiut by the introduction of solenoid-controlled air 
and steam at the inlet port of the sterilizer Thc- 
steam serves to heat the chamlx-r and when the de- 
sired temperature is reached, air is introduced to 
bring the ch.imber to the requirid pressure I'or ex- 
ample. in order l-i oiierate the autoclave .it 10.3° at 
15 p s i , steam is passed into the ch.inilK-r until .i 
temperature of 10.3° is re.iched Since at this tem- 
perature there is a iiri-ssure of .'1 p s i .airisadmitlid 
until the tot.il pressure of 1.3 p s. i isolitainid 'I'he 
thermo and iiressure switches on the ch.imlK-r .into 
m.itically m.iintain the desired tem|H r.iture .iiid pn - 
sure fluring the sterilizing cycle .\ pul- Oor sisti in 
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Fig. 2. — A compreliensive description of tlic dual- 
control autoclave. 


adjusts the flow of steam and compressed air into the 
chamber upon demand, utilizing steam at 132° and 
air at 32°. By this device prolonged surges of steam 
and air, which would influence temperature and pres- 
sure stability, are thereby prevented. The dual- 
control autoclave is capable of operation within a 
range of 0-30 p. s. i. and 50-127°. 

The autoclave is equipped with a timer which con- 
trols the duration of the sterilizing cycle once the de- 
sired temperature of the container contents has been 
reached. At the point when the chamber tempera- 
ture has reached the autoclaving temperature, sufli- 
cient air under pressure is automatically admitted to 
obtain the predetermined total pressure. At the 
end of the sterilization cycle, the timer permits the 
autoclave to gradually e.vhaust steam at a rate which 
can be preset and calls for ambient air which enters 
the chamber through a sterile filter, thereby prevent- 
ing a droj) in chamber pressure during the cooling 
cycle. However, the cooling cycle can be terminated 
at will by manually o))ening the exhaust valve The 
chamber temperature and prc.ssiire as well as the 
temperature of the contents in the containers arc con- 
stantly recorded during the sterilization cycle. 

Materials 

Tile jelly used in this study was X-diinethyl- 
X'-benzyl-N’' (alpha-pyridyl) cthylenedianiinc hy- 
drochloride (Pyribenzamine anesthetic jelly 2','() 
eonlaining 0.5% chlorobntanol as preservative and 
formulas of this jelly nith the folloiving modifica- 
tions: (a) minus chlorobntanol, (i) minus Pyribeiiz- 
aininc HCl, (c) minus both chlorobntanol and Pyri- 
Itcnzamine HCl, 

The ophthalmic solutions used were 2-(4-lert- 
butyl-2,0-dimctliyl) benzyl-2-imidazolinc hydro- 
chloride (Otrivin 0.05f^) containing 1 : 100,000 phen- 


ylmercuric acetate as preservative, as well as the 
same solution minus phenylmercuric acetate and, as 
a control, 0.9% sodium chloride solution. 

3. ccreus spores. 

Collapsible aluminum tubes. 

Amber, screw-capped, 15-ml. bottles witli heat re- 
sistant screw caps made of black phenolic mineral 
composition. 

Procedure 

Sterilization in Dual-Control Autoclave.— A num- 
ber of filled tubes of jelly and bottles of ophthalmic 
solutions were subjected to several temperatures 
for periods of time as indicated in Tables HI and IV. 
The pressure within the chamber as well as the tem- 
peratures of the chamber and container contents 
were recorded throughout the sterilization cycle. 
For comparative purposes, other filled containers 
were treated at varying temperatures in a conven- 
tional autoclave for thirty-minute periods. 

Microbiological Testing. — ^The ophthalmic solu- 
tions and jellies to be sterilized in the dual-control 
autoclave were contaminated with a concentrated 
saline suspension of B. ccreus spores prior to filling 
into the bottles and collapsible aluminum tubes, re- 
spectively. Thorough mi.xing was achieved by 
means of a Cenco electric stirrer, as evidenced by rep- 
licate platings. .-Vfter subjecting the tubes and bot- 
tles to the conditions of autoclaving as described in 
Tables III and IV, plate counts for survivors and 
sterility tests in fluid thioglycollate medium were 
performed. 

TABtE III. — Sterilizikc Conditions for Phar- 
maceutical Jellies in Collapsible Tubes 



Tempera- 

ture, 

GauRe 

Pres- 

sure. 

Duration, 

Autoclave 

■■ c. 

p S. K 

min 

Dual control 

95 

10 

30 


95 

15 

30 and 4. 


106 

10 

30 


105 

15 

30 and 4: 


105 

2(1 

30 


105 

25 

30 


105 

30 

30 


115 

10 

30 


115 

15 

30 and 4. 


115 

20 

30 


115 

25 

30 


115 

30 

30 

Conventional 

100 


30 


105 

3 

.30 


115 

10 

30 


Table IV. — Sterilizing Co.nditio.vs for Ophthal- 
mic Solutions in Screw-Capped Bottles 



Tempera- 

ture. 

C.’iuco 

Pressurf. 

Duration. 

Aul<»clavc 


p. ,s i. 

min. 

Dual intro! 


10 

ao 


95 

15 

30 


105 

15 

30 


105 

20 

30 


105 

25 

30 


115 

15 

30 


115 

25 

30 


115 

30 

30 

Conventional 

100 


30 


105 

3 

30 


115 

10 

30 
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to tin's undesirable cfTcct of iineteii pressures 
For tin's reason, such products as sterile jellies and 
ophthalmic solutions are often commercially pre- 
pared according to aseptic techniques 

This difficulty, namely the bursting of collapsi- 
ble tubes and the leakage of solution from screw- 
capped containers, can lx: overcome by the simple 
e.Npcdiency of controlling chamber pressure 
through the introduction into the chamber of air 
under pressure during the heating and subsequent 
cooling cycles Hon ever, the addition of air to 
steam results in a mivture which, at any particular 
total pressure, has a temperature lower than that 
obtained with saturated steam alone at the same 
pressure (2) This relationship of air plus steam 
pressure to temperature is e.Kemplified by the data 
presented in Table II Thus, if one operates an 
.lutoclave in which only one-half of the air in the 
chamber has been removed, a pressure of 1 .5 p s i 
results in a temperature of 112° as contrasted to a 
temperature of 121 ° m the case where all the air 
has been evacuated As illustrated in Fig l,one 
can predetermine the temperature resulting from 
the use of any proportion of air to steam by plot- 
ting the chamber temperatures against different 
proportions of air and steam at a constant total 
pressure. 

Consideration was then given to the possibili- 
ties of utilizing air steam mixtures in the sterili- 
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zation of products not norm.ally amcn.ible to con- 
ventional autoclaving treatment Ik'c.iusc of leak 
age nr other undesirable physic.il cfTccts to the 
containcr.s Excellent examples of such products 
arc pharmaccutic.il jellies packaged in coll.ipsible 
aluminum tubes and ophthalmic solutions in 
screw -capjied bottles Through the coojieration ol 
the Wilmot Castle Company Laboratories in 
Kochester, X' V , an autoclave was redesigned so 
as to permit the regulation of chamber teniper- 
atiire and pressure independently of each other 
This redesigned autoclave w.is made av.iilable 
to us for use in this study and hereafter will be re- 
ferred to as the “du.al-control autocl.ave " 

The obj'ects of this study were (a) to determine 
the sterilizing effcctivenc.ss of contaminated 
pharmaceutical j'cllics and ojihthalmic solutions 
subjected to various combinations of tciu[)eratnre 
and pressure in the dual-control autoclave, and 
(b) to determine the ability of the tubes and bot- 
tles to withstand physical changes under these 
conditions In addition, simiiltancoiis leinper,i- 
turc recordings were made of the autocl.ave cham- 
ber and the contents of the containers in order to 
determine whether a substantial time I.ig occurs 
between the rise and fall of the temperattire 
within the tubes and bottles in relation to the 
chamber temperature 

EXPERIMENTAL 

Design of the Dual-Control Aiitoclaie 

.\s shown 111 Fig 2, this unit is isscnti illv .in 
adapted steam autoclave of the ordin.iri l\pe in 
which it is possible («) to build up pressure without 
heat, (6) to utilize temperatures below 11)11° without 
pressure, and (r ) to .ipplt N.iryiiig tempir.iliiris .mil 
pressures concurrently These features are brought 
about by the mtrodiictioii of solenoid coutrolhd .or 
.iiui steam at the inlet port of the stirihzir Tin 
steam serves to hc.it the chamlxr and when the de 
sired temperature is re.ichid, .lir is lutrodiicid to 
bring the chamber to tlie required pressure h'or i \- 
ample, in order to oiiir.ite the .lutoel i\i .it .it 
I.'* p s I , ste.im IS I) issed into the eh iinbir until .i 
teiiiperalure of 11),")° is re.ichid Since .it this dm 
perature there is a jiressiire of .') p s i , .iir is .idmitli d 
until the tot.il pressure of I,") j) s i isobliiiiid 'I hi 
thermo anil pressure switches on the eh imlKr .mio 
III iticalK m iint.iin the disired tempi r.ituri .md pri s 
sure iliirmg till sterilizing ciili \ jnils ilor si sO m 


TAUia If - SxtRIIIZIK Tt MM RATt'KI WITH \ .ARIOdS Dll.RIISOP .\lK DiseiMKOI 


Saturatcil 



htcum 

I Mr» I hiriN 

<’)ne Half 

f hir 1 hinl 



Complete Air 

Air 

Air 

Air 

'.r. Air 

Prr>stjrr. 

iJischarxe 


irrr 

I>js< li iri r 

]),u)iAT^r 

p S 1 


* e 

^ C 

C 

i. 


ifiy 

KK) 

o; 


7J 

lf» 

115 


nr, 




121 

i\:» 

112 

10'» 

Vi*f 

2i» 

120 

121 

IIS 

ir. 

]ii‘t 


bin 

120 

124 

121 

1 1-"* 


I.T". 

l.Ti 

12S 

12o 

VJl 



September 1959 


Scientific Edition 


513 



I KCCOAOrK {TCMf I rnss!) 

1 TIUf SVtrCH (MICKUUIT) 
j TfMf jwTcmto»HMir.ccoiJMC) 
i HAMO VAlVe . OiAMtt tXHkW 
i VACUUM BXAKCS 
( unrr VAtvt 
7 HAMDVALVe.STeAillUAPl.r 
I, srcBiutAriOHCKAMecit 

1 SrEAU BAFri.C 

» UCEKOrs VALVE. Ate SUFFLT 
neUUIE 6AU6E 

Fig. 2. — A comprehensive description of the dual- 
control autoclave, 

adjusts the flow of steam and compressed air into the 
chamber upon demand, utilizing steam at 132° and 
air at 32°. By this device prolonged surges of steam 
and air, which would influence temperature and pres- 
sure stability, are thereby prevented. The dual- 
control autoclave is capable of operation ivithin a 
range of 0-30 p. s. i. and 50-127°. 

The autoclave is equipped with a timer which con- 
trols the duration of. the sterilizing cycle once the de- 
sired temperature of the container contents has been 
reached. At the point when the chamber tempera- 
ture has reached the autoclaving temperature, suffi- 
cient air under pressure is automatically admitted to 
obtain the predetermined total pressure. At the 
end of the sterilization cycle, the timer permits the 
autoclave to gradually exhaust steam at a rate which 
can be preset and calls for ambient air which enters 
the chamber through a sterile filter, thereby prevent- 
ing a drop in chamber pressure during the cooling 
cycle. However, the cooling cycle can be terminated 
at will by manually opening the exhaust valve The 
chamber temperature and pressure as well as the 
temperature of the contents in the containers arc con- 
stantly recorded during the sterilization cycle. 

Materials 

The jelly used in this study was X. X-dimelhyl- 
X'-bcnzy!-X' (alpha -pyridyl) ethylenediamine liy- 
tlrochloride (Pyribenztunine anesthetic jelly 2‘ie) 
cotitaining 0.5'/o chlorobutanol as preservative and 
formulas of this jelly with the following modifica- 
tions: (o) minus chlorobutanol, (l>) minus Pyribenz- 
amitie HCl, (c) minus both chlorobutanol and Pvri- 
Ixjnzamiuo HCl. 

The ophthalmic solutions used were 2-(4-/fr/- 
butyl-2.0-dimcthyl ) benzyl-2-imidazoline h vdro- 
chloridc (Otrivin 0.05%) containing 1 : 100,000 phen- 


ylmercuric acetate as preservative, as well as tlie 
same solution minus phenylmercuric acetate and, as 
a control, 0.9% sodium chloride solution. 

B. ccrctis spores. 

Collapsible aluminum tubes. 

Amber, screw-capped, 15-ml. bottles with heat re- 
sistant screw caps made of black phenolic mineral 
composition. 

Procedure 

Sterilization in Dual-Contiol Autoclave.— A num- 
ber of filled tubes of jelly and bottles of ophthalmic 
solutions were subjected to several temperatures 
for periods of time as indicated in Tables HI and I\’, 
The pressure w-ithin the chamber as well as the tem- 
peratures of the chamber and container contents 
were recorded throughout the sterilization cycle. 
For comparative purposes, other filled containers 
were treated at varying temperatures in a conven- 
tional autoclave for thirty-minute periods. 

Microbiological Testing.— The ophthalmic solu- 
tions and jellies to be sterilized in the dual-control 
autoclave were contaminated with a concentrated 
saline suspension of B. cerciis spores prior to filling 
into the bottles and collapsible aluminum tubes, re- 
spectively. Thorough mixing was achieved by 
means of a Cenco electric stirrer, as evidenced by rep- 
licate platings, .lifter subjecting the tubes and bot- 
tles to the conditions of autoclaving as described in 
Tables HI and IV, plate counts for survivors and 
sterility tests in fluid thioglycollate medium were 
performed. 


Table III. — Sterilizing Conditions for Phar- 
maceutical Jellies in Collapsible Tubes 


Autoclave 

Tempera- 

ture. 

® C. 

Gaupe 
Pres- 
sure, 
p. s. i 

Duration, 

min 

Dual control 

95 

10 

30 


95 

15 

30 and 45 


105 

10 

30 


105 

15 

30 and 45 


105 

20 

30 


105 

25 

30 


105 

30 

30 


116 

10 

30 


115 

15 

30 and 45 


115 

20 

30 


115 

25 

.30 


115 

30 

30 

Conventional 

100 


.30 


105 

3 

30 


115 

10 

30 


Table IV.— Sterilizing Conditions for Opiithal- 
Mic Solutions in Screw-Capped Bottles 



Tempera •• 

GafiRc 



Ijjre. 

Pre.ssure. 

Duration, 

Atitoclavc 

“ C- 

JK s. t. 

n7it7. 

Dual cmilrol 

95 

10 

.30 


95 

1.5 

30 


105 

15 

.30 


105 

20 

30 


105 

25 

30 


115 

15 

30 


115 

25 

30 


115 

30 

30 

Conventional 

100 


30 


105 

3 

30 


115 

10 

30 
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ryrihrr.zan-.ir.e At:es!hc:ic Jelly 2'~t . — Tlic con- 
tents of encli tube were placed into a sterile l)cakcr 
and mixed thoroughly. Duplicate 1,0-Gui. portions 
of jelly were diluted in trypticase so.v broth, plated 
on trypticase soy agar, and survivors determined. 
In addition, duplictite 1.0-Gm. portions of material 
were placed into 200-ml. amounts of fluid thiivglycol- 
late medium and incubated at .’57° for fourteen days. 
The absence of growth indicated sterility. 

(I'rivin Ophthc.lmic Solution OOa'J — Duplicate 
I (l-ml portions of solution were diluted in broth and 
then plated in trypticase soy ag-ar containing t).(K5' r 
tluoglycollic acid (thioglycollic acid was usetl to neu- 
tralize possible carry-over of phenylmercuric acetate ) 
and survivors determined, .\dditional 1.0-ml. por- 
tions of solution were transferred to 2()U-ml amounts 
of fluid thioglycollate medium and the bottles incu- 
bated for fourteen days at 37°. The absence of 
growth at the end of this period of time indicated 
sterility. 

RESULTS /VND DISCUSSION 

Antibursting and Antileaking Effect of Air Pres- 
sure During Steam Autoclaving. — Since the water 
content in the jelly is approximately 85% and the 
ophthalmic preparation is an aqueous solution, the 
pressure in the tubes and bottles at the varying 
autoclaving temperatures can be essentially at- 
tributed to the vapor pressure of water at these re- 
spective temperatures. The effect of the compo- 
nents in the formula upon the pressure within the 
containers is insignificant since they are present in 
negligible quantities as compared to water. Since 
the vapor pressure ol a liquid is a constant quantity 
at any temperature and is independent of the amount 
of liquid present (3), it is possible to obtain the vapor 
pressure of water from the critical tables. 

Through the utilization of the dual-control auto- 
clave. it is possible to prevent swelling or the bursting 
of collapsible tubesof pharmaceutical jellicsas well ns 
the leakage of solution from screw -capped bottles by 
the adjustment of the pressure within the chamlxir 
to approximate that of the contents within the 
containers. 

The physical condition of the filled tubes of jelly 
was found essentially unaltered when treated in the 
dual-control autoclave under the conditions outlined 
in Table III This absence of deleterious effect is 
also shown in Fig. 3. Ctireful inspection of these 
jelly-filled tulx-s treated Ik'Iow 20 p s. i. at 105° and 
lx;!ow 25 p. s. i at 115° showed barely perceptible 
expansion. However, at pressures of 20 p s i and 
atsjvc at 105° and at a pressure of 25 p s i and 
above at 115° no evidence of any dclelerions effects 
could lie noted. 

The glass containers as well as the screw caps useil 
for the ophthalmic sohition lyire no visible evidence 
of change upon sterilization in the dual-control auto- 
ela\e at any of the autixrlaving conditions noted in 
Table 1\*. .\s alrearly indicated, a sj)cci.il heat re- 

sist. int cap of black iihenolic mineral coniiiosition 
was u-eil in tin- study. 

I'igure 3 aU> illustr.ites the unde-irable effects that 
occur within the coriveiiti irial autocl.ive in which 
the ch imts.-r iire'-ure is strictU a function ol steam 
ilea- rro:n a plu'-ical standpoint, tl’.e cfTect on 
he tuls s ii.is Ik-vu di'Sistrous 

Microbiological Studies. Th.e iiroslucts u-ed in 



Fig 3. — .-V photo of the appearance of the tubes 
containing Pyribenzainine anesthetic jelly before 
and after sterilization in the dual-control autoclave 
and conventional steam autoclave. 

these studies were Pyribenzainine anesthetic jelly 
preserved with 0.5%' chlorobutanol and Otrivin 
ophthalmic solution preserved with 1 ■ 100,000 
phenylnicreurie aeetatc. Previous experiences had 
indicated that the presence of these preservatives 
renders it possible to sterilize these products at tem- 
peratures substantially below 121°. Since the dual- 
control autoclave permits the treatment of filled 
collapsible tubes and screw-capped bottles to a va- 
riety of temperatures without deleterious effects to 
the containers, expcrinicnts were performed in which 
these products were heated in this autoclave at vary- 
ing temperatures and pressures. 

Ill one experiment a quantity of jelly was coiitani- 
iiiatcd with approximately 180,000 /). cerrits spores 
per Gill, of material. The contaniinatcd jelly was 
filled into onc-oiincc collapsible tubes and crimped. 
.•\t the Wihnot Castle Laboratories, the tubes were 
treated in the dual-control autoclave under varying 
conditions of temperature and pressure and then re- 
turned to our lalxiratories for sterility tests and sur- 
vivor counts. The results of this experiment are 
shown in Table V and indicate that the product is 
effectively sterilized at a temperature as low as 05° 

Taiii.e V. — Influence of Temperature, Pressure 
(Air Plus Steam), and Duration on the Sterili- 
zation OF Pyriiienzamine .\nestiietic Jei.i.v 
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It was also felt desirable to subject to these same 
conditions tubes of jelly devoid of either chloro- 
butanol, or PjTibenzamine HCl, or both, contained 
in collapsible aluminum tubes. According to ex- 
periments conducted in our laboratories earlier, 
Pyribenzamine HCl is capable of exerting a mild but 
measurable preservative action and it was, therefore, 
desirous to establish the role this substance plays in 
the sterilization, at marginal temperatures, of B. 
ccretis contaminated jelly. In addition, it was also 
desirable to determine the effect of the presence of 
chlorobutanol on the effectiveness of submarginal 
temperatures in destroying microorganisms in 
Pyribenzamine anesthetic jelly. Accordingly, four 
different batches of jelly were prepared. They 
consisted of (a) the complete formula, (b) the product 
minus the chlorobutanol, (c) the product minus Py-ri- 
benzamine, and (d) tlie product minus both chloro- 
butanol and Pyribenzamine. The results of this e.v- 
periraent to .determine the influence of Pyribenz- 
amine and chlorobutanol on the sterilizing capa- 
bilities of the autoclave at 95° and 105° are sliomi 
in Table VI. 

From these results it is evident tliat, whereas the 
complete formula can be sterilized at a temperature 
of 95°, the removal of either chlorobutanol or Pyri- 
benzamine HCl renders it impossible to sterilize the 
jelly at this temperature. It is only at 105° that 
these formulations can be effectively sterilized. 
Thus chlorobutanol and PjTibenzamine play' im- 
portant roles in the sterilization of this preparation 
at temperatures below 105°. 

Similar e.xperiraents were performed with pre- 
served (phenylmercuric acetate 1 : 100,000) and un- 
preserved Otrivin ophthalmic solutions. In addi- 
tion, and for reference purposes, a solution of 0.9% 
sodium chloride was also tested. 

According to data presented in Table VII, screw- 
capped bottles of Otrivin ophthalmic solutions, un- 
preserved or preserved with 1:100,000 phenylmer- 
curic acetate, as well as 0.9% sodium chloride solu- 
tion were sterilized within thirty minutes at tempera- 
tures of 95° and above and at pressures of 10 p. s. i. 
and greater. 

Temperature Relationship Between Tube and 
Bottle Contents and Autoclave Chamber. — During 
the various autoclaving experiments, the tempera- 


ture differential throughout the sterilization and 
subsequent cooling cycles of the chamber and tlie 
material being treated was recorded. This was ac- 
complished through the use of thermocouples at- 
tached to a strip chart recorder and recordings made 
of the internal container temperature, external con- 
tainer temperature, and the chamber temperature 
during each experimental run. 

It is evident from Figs. 4 and 5 that the rise and 
fall of the temperatures within the tubes and bottles 
lag behind the temperature outside of the containers 
and of the chamber. Comparing Fig. 4 for the tubes 
of jelly with that of Fig. 5 for the bottles of ophthal- 
mic solution, it is evident that the temperature lags 
are greater for the bottle contents than for the tube 
contents. This can be essentially ascribed to tlie 
difference in the thermal conductance between alu- 
minum and glass. The thermal conductance for 
aluminum has been reported as 0.49 cal. cm."^ 
.sec.”* °C. while that for glass as appro.ximateh' 
0.0018 cal. cm."’ sec."’ ° C."‘ (4). The above fig- 
ures are representative for sterilization at 115°. 



Fig. 4. — A plot of the temperature in the chamber 
and of the tube contents during a sterilization run 
in the dual-control autoclave at 115° and 25 p. s. i. 


Table VI.— Influence op Different Temperatures, Pressures (Steam Plus Air), and Duration of 
Treatment on the Sterilization of Contaminated Jellies of Different CotrposrriONS 



No. of 

Tempera- 




No of 


Tubes 

turc. 

Pressure, 

Time, 

Survivors, 

Tubes 

Forniulation 

Tested 

-c. 

p. s. i. 

min. 

org./Gm. 

Sterile 

Complete 

3 

95 

15 

30 

0 

3 


3 

95 

15 

45 

0 

3 


3 

105 

15 

30 

0 

3 

Minns chlorobutanol only 

2 

(Unheated 

1 controls) 


120,000 

0 

4 

95 

15 

30 

<10 

2 

4 

96 

15 

45 

<10 

2 


4 

105 

15 

30 

0 

4 

Minus Pyribenzamine only 

3 

(nnhcalcd contnils) 


350,1100 

0 

•t 

95 

15 

30 

<10 

0 

4 

95 

lo 

45 

<10 

3 


4 

105 

15 

30 

0 

4 

Mimi.s chlorobutanol .and Py- 

3 

(Unhealed controls) 


304,000 

0 

3 

95 

IS 

30 

<10 

0 

ribenzamine 

4 

95 

15 

45 

<10 

1 


4 

105 

15 

30 

0 

4 


3 

(Unheated controls) 


250,000 

0 


J»t)culum — 350,000 ispores/Gm. 
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Taiii.i; \ I1.- l.N'Ki.onNei; op TpMiTRATrKn. PKnssi'Rr (Stram Pi.i:s Aik), and iTirRATios- on tiii; 
Stprirization or Con-taminatro Ophthalmic Solutions 
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4 
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20 

4 
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4 
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1 
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Time. 
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mi 
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mi 
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mi 
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.All sterile 

mi 

0 
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mi 

0 
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mi 
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mi 
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0 

All sterile 

mi 

0 
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0 
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m) 

0 

All sterile 
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70 ' L , i- -i i- 1 1 

0 to 20 >0 40 so eo 70 eo oo 

TIVE IN UlNUTCS 

I'ii: .") A iilot of the temperature iu the chamber 
and of tile bottle contents duriiif; a stcriliratioii run 
in the dual-control autoelas e at I l.■|°a^d 20 p s i 

no^\evir. similar curses are also oblamed at lem 
P'-ratiires of flo ant! lOo'’ The laR diiriiiK the ettttl- 
mp (itirtitiu ttf the curse has l>ot‘u oloerstil Pi lis’eome 
greater as tlie temperature ttf aiHttcIaviii}; is 

mereasftl 

llevaU'e there .ipps-ars ttt Ik- a lag 111 the teini>' ra- 
ture within the I'tutaniers during the 'tsrih/atMii 
escle with resjiect ttt chamls.r teiu;wrature, a lag 
winch tintl'tubpslls wttuM increase as the s-tilumc of 
tl'.e containers is increasctl, u is iss.-utiil that ll’a' 
'teriliT-iti lU escle sl;.,ul<l start when the prtijier teiii- 


pcralurc w ithin the container is attained and not ac- 
cording to the cliamber temperature 

SUMMARY AND CONCLUSIONS 

It lias been shown that throiigli the use of tiir 
(Itirinf; the steam sterilization anti stibseiiiient 
cooling cycle, the bursting of collafisible tilnini- 
iniin tubes filled with a [iliarinacentieal jelly timl 
the leakage of solution from screw-ctiiiiied bottles 
of ophthalmic solution have been preveiitcrl 
These cfTects have been achieverl by modifying a 
conventional steam autoclave into a dual control 
autoclave in which the pressure :ind teiiiiieradiie 
in the sterilizer e;in be controlled itide|)eiidcntly of 
each other. 

I’harniaceiitical jellies have been sterilized in 
the dual control aiioclave under various conditions 
of temfieratiire anti pressure without deleterious 
|ihy.sical cfTects tiiion the fillcil collaiisible tubes. 
Ophthalmic solutions in screw caiiiieil bottles 
have been sterilized in the tliial control autoclave 
iiiirler various conditi'nis of tenifieratiire anti [ires 
sure without deleterious cfTects tqi'iii the caiis ami 
Ipittles and with no leakage of solution 

Data have been (ircseiitetl ilealilig with the tern 
[icrature dilTcrcntial of the chamlier and container 
contents tluring the sterilization and sub cijuent 
ciKiling cvcle.', 'ITie therm. d comhictivity of tin 
container ctiriifio-atiori [days an iiideirtant role m 
this tcrrifieraturc tli/Tercntial 
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The influence of the preservative clilorobutanol 
and the active constituent PjTibenzamine in Py- 
ribenzamine anesthetic jelly, on the sterilizing 
capabilities of the subraarginal temperatures have 
been investigated. 

The effectiveness of submarginal temperatures 
on tlie sterilization of Otrivin ophthalmic solutions 
has been determined in the presence and absence 


of the preservative phenylmercuric acetate. 
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A Note on the Synthesis of Some Alkyl and Alkylamine 
Esters of N,N'-Diphenylphosphorodiamidic Acid* 

By LINDLEY A. CATES and TONY E. JONES 


E sters op carhoxtuac acids in which basic groups 
arc introduced iii both acid and alcohol residues 
(i. c., dibutolinc) and those in which tlic basic group 
h located only in the acid portion of the molecule 
arc Iciiown to have antispasmodic activity. Since 
alkyl and alkylamine esters of a disubstituted phos- 
lilumous acid, N,N'-diphcuylphost)horodiauiidic 
acid, appear to possess some structural relationships 
In these carboxylic acid esters, a scries of eight such 
cumpouads was prepared for study as possible 
antagonists of acetylcholine and as inhibitors of 
cholinesterase. These compounds, listed in Table 
1, were synthesized by the treatment of monochforo- 
phnsphoryl dianilide (7) with various alcohols, ac- 
cording to the method of Michaelis (1). 


EXPERIMENTAL 

Three grams of sodium metal was allowed to react 
with 150 cc. of the appropriate anhydrous alcohol. 
To the sodium alcoholate was added 8.0 Gm. of 
moiiochlorophosphoryl dianilidc with an accompany- 
ing increase in temperature. The mixture was 
stirred for twenty minutes and the sodium chloride 
removed by filtration. The clear filtrate was added 
to 500 cc. of water with the formation of a dense, 
white precipitate. The precipitate was collected 
on filter paper and washed with water until the 
washings were neutral. Recrystallization from Imt. 
dilute ethanol yielded the pure product. In the 
case of the scc-butyl derivative, the filtrate was con- 
centrated to a syrupy mass and placed in a refriger- 


Table I. — Alkyl and Alkylamine Esters of N,N'-Diphenylphosphorodiamidic .‘Vcid 



Amily.sis 


No 

R 

Yield, % 

M. |>., "C." 

Calcil. 

I-'ontul 

Calcd. 

I'llUilll 

1 

Methyl 

40 

J08-10!) 

.59 .53 

59 31 

.">.70 

5 (u; 

2 

» -Propyl 

(il 

101-103 

62.05 

61.18 

().')() 

6 ()2 

.’I 

iso-Propyl 

(ill 

149-150 

1)2.05 

61.18 

(> . 

(i 95 

4 

sec-Butyl 

31 

111-113 

63.14 

63.28 

0 . 95 

7 23 

5 

iS-Diethylaminoethyl 

55 

122-123 

62.23 

61.78 

7,25 

7.25 

G 

6-Dimethylaminoethyl 

35 

161-162 

60,17 

59.64 

6.94 

6 . 97 

7 

/3-Dimethylamino-cr- 








methylethyl 

19 

14.5-147 

61 .24 

61 .03 

/ .2.> 

i . -4 

8 

d-Ainiiio-cr-methylethyl 

13 

192-194 

59 00 

60.29 

0.60 

5.M6 


All melting points are uncorrected. 


Previously synthesized esters of N,N'-diphenyI- 
pIiQsphorodiamidic acid are the ethyl (1), phenyl (2), 
/’-elilorophenyl (3), o-carboxyphenyl (4), 2-chloro- 
^Ibyl ( 5 )_ a,](j ^ series of six complex esters prepared 
b tile method of Zetszchc and Buttiker (6). No 
^ ^S’lamine esters have been reported until the 

present work. 


January 31, 1959. from the University of 
Ai College of Pharmacy, Boulder, 
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ator overnight. The crystals that formed were 
collected, washed with water, and rccrystallizcd 
from hot dilute ethanol. Repeated rccrystallization 
of compound No. 8 failed to produce :i completely 
pure product. 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

Paris, 
( 0 ) 
(7) 
G, J.t 
J.. J- 


references 


• , ■ 31,2177(\898). 

G., Chim. e* ind. 

64,287(1950).’ 

Zctzsche, F., and Buttiker. W,, Bcr., 73, 48(1940). 
Cook, H. G., Ilett, J. D.. Saunders, B. C.. Stacey. 
W'atson, H. C.. tWdding. I. G H., and Woodcock. S. 
Chem. Soc., Part IV, 1949, 2924. 



JlU KN.M. nr Tin: AmI RICAN rilARMAL-nmcAl. AsSnCIAriON- Vlil. XIA'III. Xo. '.I 


All’. 
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Sturilization or Contaminatkd Okiitiialmic Soi.utions 
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.mil of tin.' Iwltlc contents duriiiK :i stcrilizntioii run 
in t lie iliial-control .Tiitocl.il e :it 1 1 A‘’.Tn(I p s i 

lloiieier. siniil.ir curves .ire alsn nht, lined .it tiiii- 
p.T.itnri-s Ilf li.'i.ind Itt.T'’ The I.ir flnriiiK the itmiI- 
mi; jiorti’in nf the curve h.is Iktti observed to Ikt'oiiu- 
ID'eater :is llie ternperatnre of antoclaiiiiK is 
incre.iseil 

liecaiise there .ippears to !>.,• .1 lai; m the teiiip«-r.i 
tiire I'ithiTi tlie e'oiit. liners diiriiiT,' the sterili/atioii 
e\ cle e. ith respee’t to ch.trnJKf ternperatnre, .1 I.ir: 
nhieh iindonhtisilv emidd increase- as the viilnine of 
th-e eorit-iin-Ts i' ine're-.ised, it is es-eiitii! that the 
stirih-’ali n e-ic.'i- sh-inl'i start ufieii tfie pro'ie-r tem- 


perature ivithiii the container is attiiined and not ac- 
cordiiiR to the chamber teinpenitnrc 

SUMMARY AND CONCI.USIONS 

ft fnis been slioiiii t/iat tfirotih'b ti'sc tttr 
(luring tile stetini sterilization and stil)se(|tienl 
cooling cycle, the btirsting of collapsible alntni- 
nttni tubes filled ivitli a pliarinacetilical jelly tiiid 
the leakage of solution from screiv ca[)ped bottles 
of oplithalniic solution have beett (irevetilcd 
These c/Tects have been achieved by modifying a 
conventional steam iuiloclave into :i dtial control 
autoclave in which the pressure and temiieratnrc 
in the sterilizer can be controlled independently of 
each other. 

Pharmaceutical jellies have been sterilized in 
the dual control .luoclavc tinder various conditions 
of temperature and [iressure without deleterious 
physical effects upon the Idled collapsible tubes 
Ofilithahnic solutions in screu-caf/ped bottles 
have been sterilized in the dual-control autoclave 
under various conditions of temperature and |ircs 
sure without deleterious efTccts upon the caiis and 
lioltlesand with no leakage of solution, 

JJ.ita have IjccU presented dealing iiith the tem 
lierature differential of the chanitier and cont.iiiier 
contents during the sterilization and sub e<(uent 
cooling cycles The therm.il conductivity of tin 
container Composition plays an imjeirtant role in 
this temperature differential 
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The influence of tlie preserv^ative dilorobutanol 
and the active constituent PjTibenzamine in Py- 
ribenzamine anesthetic jelly, on the sterilizing 
capabilities of the submarginal temperatures have 
been investigated. 

The effectiveness of submarginal temperatures 
ontlie sterilization of Otrivin ophthalmicsolutions 
has been determined in the presence and absence 


of the preservative phenjflmercuric acetate. 
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A Note on the Synthesis of Some Aikyl and Alkylamine 
Esters of N,N'-Diphenylphosphorodiamidic Acid* 

By LINDLEY A. CATES and TONY E. JONES 


E sters of carbo.xyuc acids in which basic groups 
arc introduced in both acid and alcoliol residues 
(i. e., dibutohne) and tliosc in ivliicii the basic group 
is located only in the acid portion of the molecule 
are kmnvn to inive antispasmodic actitdtv. Since 
alley! and alkylamine esters of a disubstituted phos- 
phonous acid, N.N'-diphcnylphosphorodiainidic 
acid, appear to possess some structural relationships 
to these carboxylic acid esters, a scries of eight such 
compounds was prepared for study as possible 
antagonists of acctj'lcholine and as inhibitors of 
cholinesterase. These compounds, listed in Table 
I, were synthesized by the treatment of monochloro- 
phosphoryl dianilide (7) with various alcohols, ac- 
cording to the method of Michaelis (1). 


EXPERIMENTAL 

Three grams of sodium metal was allowed to react 
with 151) cc. of the appropri.atc anhjdrous alcohol. 
To the sodium alcoholatc was added S.O Om. of 
monocblorophosphory! dianilidc n ith an accompany- 
ing increase in temperature. The mixture was 
stirred for twenty mimites and the sodium chloride 
removed by filtration. The clear filtrate was added 
to 5f)l) cc. of water with the formation of a dense, 
white precipitate. The precipitate was collected 
on filter paper and washed with water until the 
washings were neutral. RccrystalUzation from hot, 
dilute ethanol yielded the pure product. In the 
case of the .fce-but.v! derivative, tlie filtrate was con- 
centrated to a syrupy mass and placed in a refriger- 


Table I. — Alkvl and Alkylamine Esters op N,N'-Diphenylphosphorodiamid;c .‘Vcid 



Analysis 

Carbon ilyvirouen 


No. 

R 

Vichl, % 

M. i».. 

Cated. 

E'ound 

Caied.' 

i'otind 

1 

Melhvl 

4(1 

1(18-1(19 

.59 .53 

59.31 

5 . 7(i 

o Ji(i 


«-Proi)vl 

(It 

101-103 

62.05 

61 . IS 

6 .59 

(1 62 

li 

iso-PropvI 

(id 

149-1.5(1 

62.05 

61 , 18 

6.59 

6 95 

4 

xec-Butyl 

51 

111-113 

63.14 

63.28 

6.95 

7 23 

5 

d-Diethylaminoethyl 

55 

122-123 

62.23 

61.78 

7.25 

7.25 

G 

6-Dimethylaminoethvl 

35 

161-162 

60.17 

59.64 

6.94 

6.97 

7 

fl-Dimethylamino-o- 

methvlethv! 

19 

14.5-147 

61 .24 

(il.03 

7.25 

7 24 

8 

(3-Amino-a-niethj'lethyl 

13 

192-194 

59 00 

00.29 

6.60 

5 86 


“ All meUing points are uncorrected. 


Previously synthesized esters of N.N'-diphenyl- 
phosphorodiaiuidic acid are the ethyl (1), phenyl (2), 
fi-chlorophcnyl (3), o-carboxyphenyl (4), 2-chloro- 
ethy! (5), anti a seric.s of six complex c.stcrs prepared 
by the method of Zetszclic and Buttiker (6). No 
alkylamine esters have been reported until the 
present work. 


» Received January 31. 1959, from the University of 
Cvilorado, College of Pharmacy, Boulder. 

Abstracted from a thesis iircsetitcd to the Graduate Facultv 
IJanersity of Colorado by l.indley A. Cates in partia'l 
lulfillmcnt of the requirements for the degree of Xfastcr of 
Sciewce. 


ator overnight. The crystals that formed were 
collected, washed with water, and recr.vstallizcd 
from hot dilute ethanol. Repeated rccrystalUzation 
of compound No. S failed to produce a completely 
purcprodncl. 
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A Note on the Use of Citric Acid and Tartaric Acid Buffers in 


the Extraction of Solanaceous 

By DAN'ICL 

W ITT, (■; r,l (11, ami Scmcliclti ami Voun!;l.i.ii 
(2) rccdimiicmlcd Mclivnm’s citncacid buffir 
fur the cMractinn of alkaloids from small quan- 
tities of Imlladomi i and li\ osc\ amns leaves but foiiiid 
It less s-itisfactor\ for the complete cvtraclion ol the 
total alkaloid of stramonium leaf This note de- 
scribes a modified method m which a centrifugation 
procedure is recommended as a subslilule for filtra- 
tion during the eMraction of solanaceous alkaloids 
from the pi iiits 

experimental 

The eepermients are diiided into two parts (.1 ) 
comparison of the efiiciciicv of the alkaloidal extrac- 
tion when citric and tartaric acid bnffers are ein- 
ploxcd according to the general method of Witt. 
el nl ( 1 , 2), and (fi ) comparison of the aboe c results 
with tho'C obtained when a centrifugation jiroccdure 
IS adopted m the place of the general method de- 
scnlicel prc\ lousU 

Part .1 — .\ssa\s of total alkaloids of belladonna 
.iiid stramonium leaf material were carried out .ic- 
eording to the procedure of Wilt, c( <if (1,2) Citric 
and tartaric acid bulTers were used .is nienstrnnm 
The tartaric ,icid buffer consisted of To parts of 0 i 
U t.irtaric .icid .iiid 2,5 p irts of 0 2 1/ dib isic sodium 
Iihosphatc 

Part B -The ccntnfugati ni method was earned 
out 111 the foil iwnig maiiiier .i (I 5 Gin sample of a 
fine powdered leaf matcri.il w.is placed in a ."lO-iiil 
Krleiiiiicv er flask Tweiite-fiee ml of the specified 
nienstriiiim (citric or tartaric acid htiffer; w.is added, 
the flask W.IS stoppered and the pl.int material 
W.IS then shaken in this sol iti ni f.ir fourteen to six- 
teen hours be a inechaiiic.il shaker There. ifte-r. 
the mixture teas centrifuged .iiid filtered into .i dre 
glass container Three inilhhtcrs of the filtr.ite 
was made alkaline with .iiiiiiioiiium hedroxide T S 
. 111(1 then sh ikeii eigoroiisle in .i s(,p ir.ifire timiul 
with 2.5 ml of chloroform f ir three nnmites The 
reiii.iiiider of the jirocediire followed th.it described 
be Win. rial (1.2) 

RESULTS AXD DISCUSSION’ 

Results of anale scs of iKlladoiiiia and strainoiiiiim 
leaf nnternl are shoeen m Tables 1 .iiid 11 It ee.is 
ob'cre ed th it the axer.ige of total alk.iloids iii IkII.i 
doiiii i le.iees extr.ieted be eitrie .iiid t.irt.irie .leid 
liiifTers eeliieh eeere siibsecpieiitle sip irated from the 
pi lilt miteriil be filtr.itioii eeere () 11.5 ziz IMI’pl .iiid 
0 4^7 a- oitjo',. respectie ele The .leerages of 
total alkaloids m the s,iiiic k.if m iteri.il extracted be 
the s.inie teeo buffers hit sepirated be ci iitrifng i 
lion were (I42'i -i: 0 111.5 .mil 0 407 ± 0 1122',, re 
-pex-tieile In str.iiiioiiiiim. the tot il ilk.iloidsix 

• I-»n-.ar> -I frtim th** C^ittrrr <*f I’har 

r'lry ff f'h Uljrd Kin^'trm 


Alkaloids by Centrifugation 

P. N. TSAO 


T.XULI 1- .\lKXUUt> .\SS\Y or Iln.l XPONNA 

Li wrs nv Citric .Vein and T.\rtakic .Vein 
DrriTKs. CrsTKii t’o \TioN’ re. I'ii.tration 



Citric Acid — * 

• — I'artaric Acid — • 


I iltr.i 

Ccntnfin 

I iltri 

Ccntrifu 


tion 

Kiition 

tion 

K. ition 


Aik I 

Uka 

Aik i 

Aik 1 


folds “ 

loids " 

loids “ 

louls •’ 

S itnplc 

1 

' ( 

c 

• , 

1 

0 .’17.5 

0 ;ioo 

0 -too 

0 417 

o 

0 ;is,5 

0 :i<)2 

1) •10,5 

(1 1.51 

.5 

0 .’ipo 

0 421 

0 420 

0 4,5S 

1 

(1 -loo 

0 141 

0 17,5 

0 -170 

O 

0 4.57 

0 .5(X) 

0 4,S0 

0 402 

0 

0 LSO 


0 .500 

0 ,500 

.\e er.ige 

0 11.5 

0 420 

0 477 

0 4(17 

S. D 

±0 

dbO 01.5 

±0 O.'IO 

±0 


Calculated ns atropine 


Taiilc II — .\lkai.oid .kss.w or Stramonium iiy 
Citric .Vcid and Tartaric Acin Ilurri’Rs. Ci'n- 
TRirUOATIO.N vs FILTRATION 


Citric Acid — • . — Tartaric Acid — • 



1 ill 

tra* 

Ccntrifu. 

1 iltra* 

Ccntrifu 


til 

>n 


ion 

tion 

k’lition 


Aik 1 

Alka 

Alka 

Alka 


loids '* 

(old 

s “ 

loliU “ 

lolds/' 

.s mipk* 

C’ 

' 


( 

( 

1 

1 

n 

107 

0 

180 

0 170 

(1 

102 

2 

t) 

17,5 

0 

1.S7 

0 18,5 

II 

2 o:t 

li 

1) 

17.S 

0 

102 

0 100 

0 

2i;i 

4 

0 

:.s,5 

1) 

102 

0 10.5 

0 

21.5 

r> 

\) 

100 

0 

100 

0 21.5 

0 

.) 1 1 

(i 

0 

201 

0 

202 

0 2,50 

0 

220 

7 



0 

210 


0 

220 

.S 



0 

220 


0 

210 

0 



0 

221 


0 

2.5,5 

10 



0 

2 IS 


0 

200 

\ecr.ige 

0 

I,V! 

0 

200 

0 201 

0 

220 

S D 

±1) 

012 

±0 

022 ±0 02.5 

2.0 

018 

* Calcul tt 

(d as alropmi 






tr.icUd 1>\ 

citric and 

1 irl 

•irio .11 

1(1 using 

fillr 

.ition 

process 

re 0 1S,{ ± 

0 012 .md 

0 201 2 

0 0. 


rc''P<.clivtl 

S', .ind 1)\ the ci.nlrif’ip 

; il pHK e( 

Inn 

wtrt 

0 200 i 0 022 and 0 2: 

2.’ ± 

: OOl.S' 

, , ri spectivi 1 

\ 

The lari 

.me . 

ictd btifTtr 

priis kd sliKlitU 

more ef- 

ficitnl fnr 

the 1 

LMraclitiii 

of sol.i 

111 ikkniis 

alk.i 

doids 

from lielladomi i 

.mil str.mioiiiiim 

h if tn.tti 

LTi ll 

til in 

llie citric 

icid hiiffer. 

hilt 

the IIU 

rt. 1 st ss.i 

S ll'll 

t siK 


ntficaiu 


The ctnlrifuK'itpui iiu IIpk! ttfitiirid 
intiiutts in cninpirisoM uitfi lIirLo to fi\L Iionr^ for 
the '«cp ir.ition nf the hufTcr from tin jd ml inutnrt 
llie intlliod nf Will, rl til , .md Siiuhtlli .md 
V.ninKhtM (1. 'Z) 

KlfFlUNf rs 

i|) Witt / A J ir j » tin. , jtit! \ miujlirri, FI W , 

Jr rjtr«) Jut R*- 42, » 

tj) Scmchrlti I A urn! %'otjn^'Vrn II W‘ , Jr , lU / , 47, 
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The Colorimetric Determination of Lidocaine With 
cw-Aconitic Anhydride 

By EDWARD G. FELDMANN and HENRY M. KOEHLER 

The quantitative reaction between tertiary amines and cA-aconitic anhydride has 
been applied to the assay of microquantities of the local anesthetic lidocaine. The 
modified colorimetric method which is employed provides a particularly useful 
selective means for the assay of small samples containing this drug, which might 
arise from dosage form studies or biological investigations. The procedure detailed 
is quite simple in operation but yet shows relatively high precision and accuracy over 

the suggested range. 


ANALYSIS of microquantities of the local 
-*■ anesthetic lidocaine (a-dieth}daniino-2,6-Rce- 
toxylidide) and its salts has long presented a 
problem to research workers Most methods 
which are presently available, such as acid-base 
titrations (1, 2), potentiometric titration (3), and 
quantitative nitration (4), require relatively large 
samples and are not suited to raicroanalysis Two 
procedures which have been employed as micro- 
methods involve precipitation with reinecke 
salts (5, 6) or complex formation with methyl 
orange (7), Both of these methods however, suf- 
fer in that they are not too specific and practically 
any other amino compound present will give rise 
to a very significant degree of interference 
Moreover, there are other limitations to each of 
these methods which further restricts their use- 
fulness Reinecke salts often do not give quan- 
titative precipitation, and in addition, relatively 
large quantities of the precipitate may be lost 
mechanically during the washing process, or sig- 
nificant amounts of excess reagent adhering to the 
precipitate may be carried over due to incomplete 
washing In the assay with metlijd orange some 
of the sample may be lost during the step in which 
the ethylene dichloride sample solution is washed 


Rccen ed Mav 0, 1059, from the Di\ iston of Chemistl 
Amcncrn Dentil Association, Chicago U, III 
T Analj-Sis of Local Anesthetics III For the nrccedi 
paper in this senes see Tuts Journal, 48, 197(1959) 
me authors uish to express their appreciation to Dr 
KO) Doty for his helpful comments, and to Mrs Helen lot 
lor her assistance in prepariUK the manuscript 


This is particularly a problem if the pH is not ade- 
quately controlled Furthermore, as Brodie and 
co-workers (8) have pointed out, “The sensitivity 
of the reaction in this solvent (ethylene dichlo- 
ride) is limited by some solubility of free methyl 
orange in ethylene dichloride. . . ." This would, 
of course, give rise to some additional error. 

In spite of the limitations listed, each of these 
procedures is useful in certain instances Even in 
these cases, however, particularly because of the 
questionable specificity of these methods, it would 
be highly advantageous to have another ana- 
lytical procedure available — particularly one 
jvhich might be more selective. 

A simple, selective micromethod for the deter- 
mination of lidocaine would be useful both in drug 
assay work, ivhere it often is necessary to analyze 
less than a single dosage unit* (1 to 2 ml of a 1 to 
2 per cent solution) of the anesthetic agent, or in 
the determination of the quantity of lidocaine 
present in small quantities of biological materials 
used in connection with pharmacological studies 
of the drug Simple ultraviolet spectroscopy, 
which has proved to be extremely useful in such 
cases when most other local anesthetic compounds 
are considered, is of limited value in the case of 
lidocaine because of its significantly lower absorp- 
tion in this spectral range. The absorptivity of 

* Astra rharinaceutjcal Products. Inc , markets solutions 
for injection containing lidocaine hj'drochlonde under the 
brand name of Xs’locaine hydrochloride 


Toi'rn.m. ok Tnr American- Piiarmaceiticai, Association Vol, XI.VIII. N’o. lo 


A.'v) 


an atiiieoiis s'llution of Ikioc-ainc hydrochloride at 
its inaxiimiin wavelength, for example, is less 
than .”i per cent of that ohcerved with procaine 
hydrochloride, hntcthainine hvdrochloride, nae- 
[laino hydrochloride, or tetracaine hydrochloride 
at their resficctive wavelengths of inaxinntin ah- 
sorption. As a result, it is rather difiiatlt to as- 
say small quantities of lidocaine by ultraviolet 
sixtctroscopy ; even in those cases where larger 
samples or greater concentrations of the dnig are 
available, one must expect larger errors since im- 
imritics displaying absorption at the same wave- 
length give rise to a relatively greater degree of in- 
terference This follows because it is not possible 
to reduce the clTect of such impurities through di- 
lution to the same extent as in the case of the 
other anesthetic compounds cited. For these 
same reasons, spectrophotofluorometn.- has also 
been of limited practical value (9). 

Lidocaine is practically unique among the com- 
monly used local anesthetic agents in that it does 
not contain either a priman,- or secondary amino 
group. Inspection of the stnictural formula for 
this compound, which is illustrated (I), show.s that 




\ 


CH, 
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O CH.CH: 
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chemically the only functional groups arc an 
amide and a tertiarr- amine. Since amides his- 
torically do not lend themselves to niicroanalysis, 
a method of analysis based upon the tertiary 
amine was sought. Inspection of the literature 
shows that few methods, other than those which 
have been noted above as having been employed 
for lidocaine, are av.ailable for the determination 
of tertiary amines Furthermore, thc.=c include 
no assav procedure of a truly micro nature. 

\'erv recently, however, Sass and co-workers 
( Id) reported a general method for the determina- 
tion of tertiarr- aliphatic amines employing a re- 
action first described by Palumbo (1 1) as a <|uali- 
tative procedure, and later extended by Cromv.ell 
(12) to the quantitative determination of tri- 
methvlaminc in biological samiiles This proce- 
dure apjicared to hold promiscof living potentially 
useful in the analysi.s of lidocaine Subscfiiient 
exjierimcntal investigation in this laboratory 
showed that ui«jn making .several rel.itively minor 
inodificatior.'.a generally u-eful method for thede- 
termination of micro ipiantities of the anesthetic 
agent resulted It should be noted, however, 
th.it in the assay of lids>c:iir.e e'ontair.ed in either 
d I'.ige form samples or bio! >„icaI m.iterials, the 
; resenov r,f oth.er terti.i.-y amines, •".hicli might 


be carried over in the toluene extraction, will 
give rise to interference when using this proivdure. 

FXPMRIMIiXTAL 

Chemicals. — Ainiples of lidoc.iiiie free base were 
Eenerously supplied by Astra Pliarniaewiitical Prinl- 
nets, Inc. rii-Aconitic anhydride was purehaseHl from 
several clicniica.1 manufacturers. Melting points of 
the various samples and tlie colorinietric response of 
reagents prepared from these samples dilTered con- 
siderably, however. Uniformly go<«I rc.sulls nidi 
negligible blank readings were regularly obtained 
using samples purchased from the California Cor- 
poration for Piochemical Research. Reagent grade 
acetic anhydride (J. T. Raker) was routinely 
redistilled and only the fraction boiling at l.TS- 
140° was collected. Toluene, employed for the 
preparation of the reagent and also for dilution of 
sLandards and samples, was routinely purified 
because even reagent grade toluene, when used 
directly, gave rise to varialile blank readings. Tlie 
following purification method was found to yield 
toluene of uniformly high purity. 

Five liters of reagent grade toluene (Merck) 
is shaken for several minutes in a large sejiaratory 
funnel with about 300 ml. of concentrated sulfnrie 
acid. The acid layer is withdrawn iiiul the toluene 
is washed with two portions of water (2()()-300 m!.). 
The organie layer is transferred to a large reagent 
bottle, and a quantity (200-300 Cm.) of anhydrous 
sodium sulfate is introdueed; the bottle is stoppered 
and shaken periodieally over several hours. The 
toluene is then filtered and distilled; the fraction 
boiling at 109-1 1 1 ° is collected. 

Reagent. — An accurately weighed 0,2r)-C.in. por- 
tion of eis-aeonitic anhydride is transferred lo a 
100-ml. volumetric flask, and 40 ml. of redistilled 
acetic anhydride is introduced. The flask anil its 
contents are swirled to effect complete solution ; the 
flask may be wanned gently if neces'-ary, and then 
cooled The solution is diluted to vohiine with 
purified toluene and mixed. The solution is stored 
in a glass-stoppered bottle and allowed to age at 
room temperature for twetit\-fonr hours [>rior to 
use. Under conditions of low humidity the solution 
appears to be st.'dile for about two weeks. 

Apparatus. — All glassware employed must be 
scrupulously clean and iiarticularly free of eonlnm- 
ination by any malerial vliich can act as a Lewis 
base It should be noted that this includes certain 
types of detergents .4 lieckman M'kIcI 1)U-2 
recording spectrophotometer, with silie.i cells of 
!-cm. light path, was employed to rei.sird the ab- 
sorption siicctra. The s.ime instrument, with a 
rniKlel 924.'!t) time drive attachment, was used in the 
color stability study. .\b. irb.ince values at jM-ak 
wavelengths were checked, employing a Ileikm.in 
ITU spectrophotometer. .\1I other ale<»rpti-in ni'-.i-.. 
iirements, including tlm-e l.iken for the prepiratioii 
of standartl curves, uere made n -ing a Khtt- 
Summers/*!' coll trimeter w ith a X'(t .* I filter. 
Procedure.-- /: vj SU'.rtltirtl ntid 
S''lutinr.' - .-\n aceur.itel> W'-ighet! 120. mg t.implet'f 
pure litltHxiine bise is plaettl in a b^l nd vohunetre' 
f1 isk. the fl.ok is filli d to tla- m.irk v. ith tohieu'-. and 
mixefi .\ .'tf rtd .iliq'.iot itf Ihi. ‘‘tlutioa i tr in 
ferred to a ."V t-ird \ t tin me trie fi i- k, d.ihitt fl to e i ,!n r:"' 
with ttilnine, am! rriist-rl Ist.tml trrl -ohiri ei 2./ 



October 1959 


Scientific Edition 


551 


A 25-ml aliquot of solution A is similarl}’ diluted to 
60 ml. (standard solution B), and a 10-ml, aliquot 
of solution B is diluted to 50 ml (standard solution 
C) This dilution scheme provides standard solu- 
tions covering the upper limit (standard A; 120 
fig per ml ), the middle (standard B ; 60 fig per 
ml ), and the loner limit (standard C; 12 fig. per 
ml. ) of the assay range combined with a conservative 
use of purified toluene and reliability in the accuracy 
of dilutions 

An accurately measured aqueous or aqueous 
acid solution of the unknown lidocaine sample is 
made alkaline in a separatorjf funnel with ammonia 
T S and is promptly extracted with an accurately 
measured volume of toluene The bulk of the 
toluene layer is removed, centrifuged briefly, and 
an aliquot is withdrawn for dilution to the desired 
concentration so that readings will fall within the 
useable range. 

Color Development —Samples of 2 0 ml each of the 
standard and unknown solutions are placed in 10- 
ml glass-stoppered volumetric flasks A 2 0-ml. 
sample of toluene is placed in another flask to 
serve as a reagent blank. To each flask is added 
1 ml of the cir-aconitic anhydride reagent, the 
contents are mixed, and the flasks are loosely 
stoppered Each flask is heated in a boiling water 
bath for fortj'-five seconds and allowed to stand at 
room temperature for fifteen minutes The solu- 
tions are then diluted to volume with a solution 
containing 20% acetic anhydride and 80% toluene 
(v/v), mixed, and allowed to stand at room tempera- 
ture for an additional fifteen minutes 

Readings of color intensity are taken with the 
instrument set using toluene as the reference sol- 
vent The readings obtained with standard samples 
are graphed and the concentration of lidocaine in 
the unknown sample is determined from the re- 
sulting standard curve 

RESULTS AND DISCUSSION 

Extraction into Toluene — Anali'sis of aqueous sol- 
utions of lidocaine hydrochloride are dependent 
upon the completeness nith nhidi the lidocaine free 
base in such solutions is extracted uith a single por- 
tion of toluene The completeness of extraction uas 
checked by two methods In tlic first, a sample of 
standard lidocaine base was made up in aqueous hy- 
drochloric acid and tlie color developed and measured 
after extraction, iihile another sample was dis- 
solved directly in toluene and the color uas de- 
veloped and measured. The readings for equal con- 
centrations were the same in each case, indicating 
that the entire sample of lidocaine carried on 
through The second method employed was a 
variation of the N F method (1) in uhicli an 
aliquot of a single toluene extract Has taken rather 
than pooling several chloroform extracts From 
the titration results it nas again demonstrated that 
complete carrj'-over into toluene occurs uitli a 
single such extraction. 

Reaction Involved. — Sass (10) lias postulated that 
the re.iclion proceeds beta ecu r/r-aconitic anlndride 
and a tertiary amine to form a complex ionic specie*' 
The structure of the postulated product is such that 
it Mould be expected to present a number of reso- 
nance fonns Hhich serves to explain the highlj 
colored nature of the complex The absorption curve 


in the x'isible region obtained with a tj-pical sample 
of the colored lidocaine complex is shovm in Fig 1. 
It can be seen from the figure that the absorption 
maximum occurs at about 510 mp It should also 
be noted that the absorption of a reagent blank, 
similarly run, is verx- low at this wavelength 
Both of these absorption curves were taken against 
toluene as a reference solvent 



WAVELENGTH (mp) 


Fig 1. — Visible absorbance curves of color com- 
plex, lidocaine complex, reagent blank 

Dilution with Acetic Anhydride-Toluene. — In 
some cases in m hich re!ati\ ely large concentrations of 
anesthetic Merc employed, some precipitation of the 
colored lidocaine complex of cir-aconitic anhydride 
Mas noted if final sample dilution Mas made simply 
Mith toluene, as in the procedure suggested b\ Sass 
It Mas found, hoMcver, that use of a mixed solvent 
containing 20% acetic anhydride presented precipi- 
tation even at anesthetic concentrations exceeding 
the useful range of determination Consequently, 
Uie use of this mixed solvent is recommended 
routinely in the procedure for purposes of final 
dilution after color development 

Optimum Heating Period. — A series of lidocaine 
solutions containing the rii-acomtic anhydride re- 
agent Mere hc.itcd for vanoiis time intervals to es- 
tablish the optimum length of healing It Mas found 
that the most consistent, reproducible readings re- 
sulted mIicii solutions Merc healed for more than 
thirty seconds and less than sixty seconds .\s a 
result, forty-five seconds is recommended 
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an aqueous solution of lidocaine hydrocMoride at 
its maximum wavelength, for example, is less 
than 5 per cent of that obsen'ed with procaine 
hydrochloride, butethamine hydrochloride, nae- 
paine hydrochloride, or tetracaine hydrochloride 
at their respective wavelengths of maximum ab- 
sorption. As a result, it is rather difficult to as- 
say small quantities of lidocaine by ultraviolet 
spectroscopy; even in those cases where larger 
samples or greater concentrations of the drug are 
available, one must expect larger errors since im- 
purities displaying absorption at the same wave- 
length give rise to a relatively greater degree of in- 
terference. This follows because it is not possible 
to reduce the effect of such impurities through di- 
lution to the same extent as in the case of the 
other anesthetic compounds cited. For these 
same reasons, spectrophotofluorometrj^ has also 
been of limited practical value (9). 

Lidocaine is practically unique among the com- 
monly used local anesthetic agents in that it does 
not contain either a primary or secondarj' amino 
group. Inspection of the structural formula for 
this compound, which is illustrated (I), shows that 

0 CH2CH3 

/ / 

C— CHj— N 

\ 

CHjCHa 

1 

chemically the only functional groups are an 
amide and a tertiarj^ amine. Since amides his- 
torically do not lend themselves to microanalysis, 
a method of analj'sis based upon the tertiary 
amine was sought. Inspection of the literature 
shows that few methods, other than those which 
have been noted above as having been employed 
for lidocaine, are available for the determination 
of tertiarj' amines. Furthermore, these include 
no assay procedure of a truly micro nature. 

Verj- recently, however, Sass and co-workers 
(10) reported a general method for the determina- 
tion of tertiar 3 ' aliphatic amines employing a re- 
action first described by Palumbo (11) as a quali- 
tative procedure, and later extended by Cromwell 
(12) to the quantitative determination of tri- 
methj'lamine in biological samples. This proce- 
dure appeared to hold promise of being potentially 
useful in the analysis of lidocaine. Subsequent 
experimental investigation in this laboratorj' 
showed that upon making several relativel}’ minor 
modifications, a generally useful method for the de- 
termination of micro quantities of the anesthetic 
agent resulted. It should be noted, however, 
that in the assay of lidocaine contained in either 
dosage form samples or biological materials, the 
presence of other tertiarj- amines, which might 


be carried over in the toluene extraction, will 
give rise tointerference when using this procedure. 

EXPhRIMENTAL 

Chemicals. — Samples of lidocaine free base were 
generously supplied by Astra Pharmaceutical Prod- 
ucts, Inc. cfi-Aconitic anhydride was purchased from 
several chemical manufacturers. Melting points of 
the various samples and the colorimetric response of 
reagents prepared from these samples differed con- 
siderably, however. Uniformly good results with 
negligible blank readings were regularly obtained 
using samples purchased from the California Cor- 
poration for Biochemical Research. Reagent grade 
acetic anhydride (J. T. Baker) was routinely 
redistilled and only the fraction boiling at 138- 
140° was collected. Toluene, employed for the 
preparation of the reagent and also for dilution of 
standards and samples, was routinely purified 
because even reagent grade toluene, when used 
dhecdy, gave rise to variable blank readings. The 
following purification method was found to yield 
toluene of uniformly high purity. 

Five liters of reagent grade toluene (Merck) 
is shaken for several minutes in a large separatory 
funnel with about 300 ml. of concentrated sulfuric 
acid. The acid layer is withdrawn and the toluene 
is washed with two portions of water (200-300 ml.). 
The organic layer is transferred to a large reagent 
bottle, and a quantity (200-300 Gm.) of anhydrous 
sodium sulfate is introduced; the bottle is stoppered 
and shaken periodically over several hours. The 
toluene is then filtered and distilled; the fraction 
boiling at 109-111° is collected. 

Reagent. — An accurately weighed 0.25-Gm. por- 
tion of cir-aconitic anhydride is transferred to a 
100-ml. volumetric flask, and 40 ml. of redistilled 
acetic anhydride is introduced. The flask and its 
contents are swirled to effect complete solution; the 
flask may be warmed gently if necessary, and then 
cooled. The solution is diluted to volume with 
purified toluene and mhced. The solution is stored 
in a glass-stoppered bottle and allowed to age at 
room temperature for twentj'-four hours prior to 
use. Under conditions of low humidity the solution 
appears to be stable for about two weeks. 

Apparatus. — All glassware employed must be 
scrupulousl}' clean and particularly free of contam- 
ination by any material which can act as a Lewis 
base. It should be noted that this includes certain 
types of detergents. A Beckman Model DK-2 
recording spectrophotometer, with silica cells of 
1-cm. light path, was employed to record the ab- 
sorption spectra. The same instrument, with a 
model 92430 time drive attachment, was used in the 
color stability study. Absorbance values at peak 
wavelengths were checked, employing a Beckman 
DU spectrophotometer. .All other absorption meas- 
urements, including those taken for the preparation 
of standard curves, were made using a Klett- 
Summerson colorimeter with a No. 54 filter. 

Procedure . — Preparation of Standard and Sample 
Solutions . — An accurately weighed 120-mg. sample of 
pure lidocaine base is placed in a 100-ml. volumetric 
flask, the flask is filled to the mark with toluene, and 
mixed. -A 5.0-ml. aliquot of this solution is trans- 
ferred to a 50-ml. volumetric flask, diluted to volume 
with toluene, and mixed (standard solution A). 






October 1959 


Scientific Edition 


551 


A 25-ml. aliquot of solution A is similarly diluted to 
50 ml, (standard solution B), and a 10-ml. aliquot 
of solution B is diluted to 50 ml. (standard solution 
C). This dilution scheme provides standard solu- 
tions covering the upper limit (standard A; 120 
Jig. per ml.), the middle (standard B; 60 jig. per 
ml.), and the lower limit (standard C; 12 jig- per 
mi. ) of the assay range combined with a conservative 
use of purified toluene and reliability in the accuracy 
of dilutions. 

An accurately measured aqueous or aqueous 
acid solution of the unknown lidocaine sample is 
made alkaline in a separatory funnel with ammonia 
T. S. and is promptly extracted with an accurately 
measured volume of toluene. The bulk of the 
toluene layer is removed, centrifuged briefly, and 
an aliquot is withdrami for dilution to the desired 
concentration so that readings will fall within the 
useable range. 

Color Development . — Samples of 2.0 ml. each of the 
standard and unknown solutions are placed in 10- 
ml. glass-stoppered volumetric flasks. A 2.0-ml. 
sample of toluene is placed in another flask to 
serve as a reagent blank. To each flask is added 
1 ml. of the cfs-aconitic anhydride reagent, the 
contents are mixed, and the flasks are loosely 
stoppered. Each flask is heated in a boiling water 
bath for forty-five seconds and allowed to stand at 
room temperature for fifteen minutes. The solu- 
tions are then diluted to volume with a solution 
containing 20% acetic anhydride and 80% toluene 
(v/v), mixed, and allowed to stand at room tempera- 
ture for an additional fifteen minutes. 

Readings of color intensity are taken with the 
instrument set using toluene as the reference sol- 
vent. The readings obtained with standard samples 
are graphed and the concentration of lidocaine in 
the unknown sample is determined from tlie re- 
sulting standard curve. 

RESULTS AND DISCUSSION 

Extraction into Toluene. — Analysis of aqueous sol- 
utions of lidocaine hydrocliloride are dependent 
upon the completeness with whicli the lidocaine free 
base in such solutions is extracted witli a single por- 
tion of toluene. The completeness of extraction was 
checked by two methods. In the first, a sample of 
standard lidocaine base was made up in aqueous hy- 
drochloric acid and the color developed and measured 
after extraction, while another sample was dis- 
solved directly in toluene and the color was de- 
veloped and measured. The readings for equal con- 
centrations were the same in each case, indicating 
that the entire sample of lidocaine carried on 
through. The second method employed was a 
variation of the N. F. method (I) in which an 
aliquot of a single toluene extract was taken rather 
than pooling several chloroform extracts. From 
the titration results it was again demonstrated that 
complete carry-over into toluene occurs witli a 
single such extraction. 

Reaction Involved. — Sass (10) has postulated that 
the reaction proceeds between rir-aconitic anhydride 
and a tertiary amine to form a complex ionic specie.* 
The slmclurc of the postulated product is such that 
it would be expected to present a number of reso- 
nance forms which serves to explain the highly 
colored nature of the complex. The absorption curve 


in the visible region obtained with a tvitical sample 
of the colored lidocaine complex is shown in Fig. 1. 
It can be seen from the figure that the absorption 
maximum occurs at about 540 mp. It should also 
be noted that the absorption of a reagent blank, 
similarly run, is verj' low at this wavelength. 
Both of these absorption curves were taken against 
toluene as a reference solvent. 



WAVELENGTH (mii) 

Fig. 1. — Visible absorbance curves of color com- 
plex; lidocaine complex; reagent blank. 


Dilution with Acetic Anhydride-Toluene. — In 
some cases in which relatively large concentrations of 
anesthetic were employed, some predpitation of tlic 
colored lidocaine complex of cis-aconitic anhydride 
was noted if final sample dilution was made simply 
with toluene, as in the procedure suggested by Sass. 
It was found, however, that use of a mixed solvent 
containing 20% acetic anhydride prevented precipi- 
tation even at anesthetic concentrations exceeding 
the useful range of determination. Consequently, 
the use of this mixed solvent is recommended 
routinely in the procedure for purposes of final 
dilution after color development. 

Optimum Heating Period. — ^A scries of lidocaine 
solutions containing the cis-aconitic anhydride re- 
agent were heated for various time intervals to es- 
tablish the optimum length of Jieating. It was found 
that the most consistent, reproducible readings re- 
sulted when solutions were heated for more than 
tliirty seconds and less tlian sixty seconds. As a 
result, forty-five seconds is recommended. 
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Stability of the Reagent. — ^As noted above, the re- 
agent must be aged for twenty-four hours prior to 
use Reproducible readings were obtained with cis- 
aconitic anhydride solutions which were two weeks 
old, after tno weeks readings tend to become grad- 
ually lower Since standard solutions are run 
simultaneously with unknown samples, this is not a 
critical consideration but it is not recommended 
that reagent solutions older than two weeks be 
employed routinely 

Stability of Standard Lidocaine Solutions. — 
Graduallj’ lower readings were obtained even with 
fresh reagent when the same toluene solutions of pure 
lidocaine base were used over a period of some time 
This would appear to be due to gradual degradation 
of the anesthetic in the solvent For this reason it is 
suggested that standard solutions of lidocaine base 
be prepared daily 

Range of Anesthetic Concentration. — Colorimeter 
readings whicli were proportional to tlie anesthetic 
concentration were obtained with standard toluene 
solutions of lidocaine containing from 12 to 120 /ug. 
per ml Since 2 ml of solution is emplo 3 'ed in the 
procedure this would be equivalent to a total sample 
of 1 0 X 10“® to 1 0 X 10"' moles At concentra- 
tions higher or lower than this range the color 
response was found to be grosslj- nonlinear A 
graph of colorimeter readings plotted versus lido- 
caine concentrations is illustrated in Fig 2 It 
should be noted from the figure that over the sug- 
gested range there is an excellent straight-line 
relationship between color intensitj' and concentra- 
tion 

Stability of Color Produced. — After addition of the 
color developing reagent and subsequent heating, an 
initial fifteen-minute period of standing at room tem- 
perature is allowed to enable complete reaction to 
occur before the solutions are diluted to volume 



Fig 2 — Typical standard cuiwe prepared b.v plot- 
ting lidocaine base concentrations versus colorimeter 
readings obtained after color development 


Experimental!}', color intensities of several test 
samples were then taken over a two-hour interval 
using a recording spectrophotometer. It was noted 
that the color intensity drops rather sharply during 
the first few’ minutes, levels off for some five to 
fifteen minutes, and then continues to fall off very 
gradually for the balance of the time studied 
These results indicated that readings are most 
reproducible when taken fifteen minutes after tlie 
solutions have been diluted to volume. 

Precision and Accuracy. — Some indication of the 
precision or reproducibility of tlie method can be 
seen by e.\amination of Table I 


Table I — Colorijieter Readings of Replicate 
Lidocaine Samples" 


Sample 

Reading 

Sample 

Reading 

1 

378 

5 

381 

2 

375 

6 

384 

3 

370 

7 

378 

4 

380 

8 

376 


Mean — 377 8 Standard deviation — i 2. Pre- 

cision — 1.1% 


“ Each sample contained a total of 120 ng lidocaine base 

Eight replicates of a standard lidocaine solution 
were treated by the procedure described and the 
colorimeter readings obtained with the resulting 
solutions are given in the table 

A stock solution of aqueous “synthetic com- 
mercial solution,” prepared with accuratel}' weighed 
portions of each ingredient, in the same concentra- 
tions as listed by the manufacturer’s label, was 
made up as a standard solution which would simu- 
late the commercial product Portions of this 
solution in varying volumes, some of which were as 
small as 1 ml , were then run through the toluene 
e.xtraction, and after appropriate dilution were 
subjected to color development 

The data from these experiments indicated that 
an accuracy of ± 2-3% can be anticipated from the 
method when the procedure is followed carefully 
and the cautions detailed herein, such as purity of 
solvents and glassware cleanliness, are rigidly 
followed. 
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Determination of Epinephrine in the Presence of 
Degradation Products* 

By TAKERU HIGUCHI, THEODORE D. SOKOLOSKI, and 
LOUIS C. SCHROETER 

The chemistry of the presently official method of analysis for epinephrine has been 
closely examined. Results show that the official procedure may lead to formation of 
other acetylation products in addition to the expected triacetylepinephrine (TAE). 
Evidence is also offered showing that some oxidation products are acetj'lated and 
extracted. A modification is proposed based on chromatographic isolation of TAE 
in place of the time-consuming extraction step and close control of the acetylation 
step. Results of a comparative study of four possible assay methods for epinephrine 

are also presented. 


inXETERMiNATiON of epinephrine in the presence 
of its degradation products presents an 
unusually difficult analytical problem Although 
the method of the U S P XV (I) based on the 
work of Welsh (2) represents a major step* in 
solving the problem, it possesses certain un- 
satisfactory featwes In the present work an 
attempt has been made to shorten and improve 
the official method The basic method as pro- 
posed by Welsh consists of triacetylation of the 
drug, exhaustive extraction of the acetylated 
product with chloroform, and gravimetric de- 
termination of the extracted solids The acety- 
lation step was introduced to convert the un- 
extractable, difficultly-soluble epinephrine base 
into the freely-soluble triacetyl form Results of 
the present investigation show that in the official 
method the weighed product is usually not pure 
acetylated compound and this leads to variable 
errors The present communication is concerned 
with modifications which appear to overcome the 
shortcomings of the official assay method 

EXPERIMENTAL 

The following experimental conditions were gen- 
erally observed in carrying out these studies- 

Sample Preparation.— Epinephrine solutions con- 
taining chlorobutanol were transferred to a separa- 
torv funnel and extracted four times witli equal 
volumes of reagent grade carbon tetraclilondc 
Five milliliters of tlie aqueous solution, representing 
about 5 mg of cpiiiepbrinc base, was transferred to 
a SO-iiil tall beaker and a stirring magnet added. 
Bisulfite or sulfite, if present, was oxidized b\ micro- 
lodine titration to the starch end point — slight excess 
of iodine was destroyed by the addition of 001 N 
sodium thiosulfate Twciitv-fivc inilliliters of re- 
agent grade tsooclanc w as added to the beaker 

•Receded December 2'^ frtim the of Rhir 

m'ic\ Uni\ crMt> of Wisconbin Mndison 

11n«; project was m part conducted under n contract with 
Armed Torccs Medic'iH’r<*curcmcnt Arciicn Dronkt5n N V 
.tml was in part supported b\ t Kfant from Patke Dims and 
Co Detroit, Mich 

‘ 1 he dvxclopment of this f;cncrnl procedure bj WtKh ft»r 
epinephrine represents a \cr> siRnificanl ad\ance in the 
science of aniUtical chcmistr\ The theoretical rationale 
undcrljinR the method probahlj has not been fuMj appro 
cialed 


Acetylation. — The O’. O*, N-triacetvI dem-ativ e of 
epinephrine (TAE) was quantitatively prepared bv 
introducing a total of 0 23 ml acetic anhv dridc in 
divided portions and 435 mg sodium bicarbonate to 
the epinephrine solution with rapid stirnng A 


ty pical schedule is show n below 


Acetic 

Sod 

Stirnng 

Anhj dnde, ml 

Bicarbonate, mg 

Time sec 

0 13 

435 

60 

0 05 


GO 

0 05 


60 

Total 0 23 

435 

180 


For studies made with varying tune of re.action, 
approximately the same proportions of time was 
used for each step About 100 mg citric acid was 
added to buffer and stabilize the reaction mixture 
after completion of acetylation The mixture was 
stirred while 5 6 Gm of Cclite 545’ was added in 
portions to prepare a uniform slurrv for chromato- 
graphic assay 

Chromatography. — Fourteen grams of Cehte 545 
wetted with 12 0 ml of pH 4,0 1 molar citrate buffer 
was slurried with isooctane and packed into a chro- 
matographic column (2 X 45 cm ) in portions as 
described by Higuchi and Patel (3) Excess iso- 
octane was drained from the column and the pre- 
viously prepared slurried acetylated mixture was 
quantitativ'ch transferred and packed into the pre- 
pared column The reaction beaker was rinsed 
with a slurry of isooctane and 1 Gin of Cclile wetted 
with 0 9 ml buffer, tins was also packed into the 
column The finished column was drained of iso- 
octane and developed with chlorofonn The first 
10-ml eluatc w.as discarded, then exactly 50 ml was 
collected for spectrophotometne or gravimetric 
determination Actually several runs showed that 
essentially all of the TAE lu the sample was con- 
tained between the 20tli and SOtli ml of eluatc, but 
additional volume was collected on either side of the 
jieak to insure total recov erv 

Spectrophotometry and Polarimetry. — The ultra- 
violet spectrum of the cluates was determined with a 
Cary recording or Beckman DU spectrophotometer. 
Solutions which cxlubitcd low absorbances were 
concciilr.ited from .50 ml , by evaporation, to 25 nil 

Determination of optic.nl activity of the triacetyl 
derivative, when employed, was carried out by first 
evaporating combineti clualts representing about 17 
mg of the derivative The chiatcs were evaporated 
to dryness w ith gentle heat and dissolved in about 

* Johna-ManMtlc Corp 
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0 5 ml of chloroform The chloroform solution was 
quantitativelj' transferred to a 1 dm micro polar- 
imeter tube of knoun volume (1 65 ml ) and the vol- 
ume carefully adjusted with chloroform rinsings 
Measurements were made at 26° u ith a Zeiss-Wmkel 
polarimeter, using sodium D line (589 mjj) light 

Test for Stability of TAE Against Hydrolysis m 
the Internal Phase. — Stabihty of the triacetyl de- 
rivative to hydrolysis when present in the mtemal 
phase Tias tested by dissolving triacetylepinephrme 
in pH 3 90 and pH 5 58, 0 1 molar, citrate buffers 
and storing the solutions at 25° Aliquots of the 
solutions u ere slurried with Celite 545 and isooctane, 
as described above, and packed into prepared chro- 
matographic columns Columns were developed with 
chloroform Extent of hydrolysis was determined 
by ultraviolet spectrophotometry' of the eluate and 
gravimetric determination of its residue 

Test for Recovery of TAE from Chromatographic 
Columns. — Recovenes from columns buffered at 
pH 4 u ith 0 1 molar citrate was tested with O’, O*, 
N triacetyl /-epinephrine, m p 94-95°, [aI°D 
— 94 5 Solutions of triacetylepinephrme were 
slurried uith Celite 545 and isooctane and packed 
into chromatographic columns The columns were 
developed with chloroform Triacetylepmephrine 
was determined by ultraviolet spectrophotometry' 
of the eluate and gravimetric determination of the 
residue 

Comparative Study. — Solutions containing epi 
nephrine in the presence of degraded material were 
analy'zed by ultraviolet spectrophotometry, a modi- 
fied U S P XIV colorimetric procedure (4), the 
U S P XV acetylation procedure, and by this mod- 
ified acetylation procedure Epinephnne solution 
uas degraded by oxidation m a sealed system in 
uhich the oxygen atmosphere was maintained at 

1 5 atmospheres for one hundred hours at 80° 
Analysis of the resulting black, insoluble, degraded 
product by' the acetj'lation procedure indicated no 
epinephrine present The degraded product along 
with synthetic / epinephrine uas used to prepare 
known test solutions 

The solutions were buffered at pH 4 0 with 0 1 
molar acetate, allowed to stand four hours, then 
filtered several times to remove all insoluble mate 
rial Ultraviolet spectra of the solutions, diluted 
to equal 1 Gm epinephrine base m 11,200 ml , 
were recorded with a Cary recording spectropho 
tometer from 250 to 310 mp The absorbance at the 
280 mp maximum was compared with a Beer’s 
law plot 

Solutions were also analyzed by a modified U S 
P XIV (4) ferro citrate colorimetric procedure 
Five milliliters of the solution was diluted to 25 ml 
with 1 500 sodium bisulfite solution, a 5 ml ah 
quot was transferred to a 25 ml volumetric flask 
containing 10 ml of 1 500 sodium bisulfite solution 
To the solution was added 0 6 ml of ferro citrate 
and 5 ml of buffer solution prepared as described 
m the U S P XIV The volume was adjusted to 
25 0 ml and absorbance determined at 530 rap in a 
Bausch and Lorab model 20 colorimeter after thirty 
minutes color development Absorbances were 
compared with a Beer’s law plot and the results 
tabulated 

The U S P XV assay and the modified acet\ la 
tion procedure described in the prior section were 


employ'ed in comparative analy ses of the solutions 
The solutions were diluted for the official assay' w ith 
equal volumes of pH 4, 0 1 molar acetate buffer 
Thirty milliliters of diluted solution was acetylated 
and the weight of chloroform soluble acetj'lated 
product determined Ultraviolet spectra of those 
amorphous residues which gave gravimetric recov- 
eries m excess of 100% were determined in 50 ml 
chloroform solution Optical rotation of 5 ml 
chloroform solutions of the residues was determined 
with a Zeiss Wmkel polarimeter at 25° with sodium 
D line light, using a 1 dm micro tube (Table IV) 
Analytical values obtained with the U S P and 
the modified procedure refer to / epinephrine deter- 
mined at O’, O*, N triacety'l /-epinephrine 

RESULTS AND DISCUSSION 

Experimental evidence obtained from these 
studies strongly indicates that the method of assai 
for epinephrine as described in the U S P XV is 
based partially' on uncertain assumptions Close 
analysis of the reaction sy stem does not point to 
straightforward quantitative formation of triacetyl 
epinephrine from the catecholamine under the official 
procedure Prolonged reaction of the drug with 
acetic anhy'dride apparently leads to production of 
other reaction products in addition to the major 
product, TAE This tendency not only' interferes 
with the gravimetric determination of the acety lated 
material but also with analy tical interpretations 
based on the optical activity' of the isolated reaction 
products 

Formation of another product at the expense of 
TAE is suggested by' results of chromatographic 
analy'sis of the acetylation product When the 
acetylated reaction product, subjected to \arying 
reaction times, was analyzed for its triacetyl con 
tent on a column, the results shown in Fig 1 were 
obtained The TAE shown on the figure (marked 
spectrophotometric) were determined spectrophoto 
metrically' following chromatographic isolation 
The data suggest that quantitative conversion of epi 
nephrine to the triacetyl (TAE) derivative appears 
to occur within the first two minutes Longer reac 
tion time seems to favor further reaction to gn e a 
significant amount of uncharacterized acetylation 
product, hereafter referred to as peracetyl compound 
Decrease m actual x leld of TAE with continued 
reaction xvas not attributable to hydrolysis of the 
formed derivative since concurrent gravimetric 
determinations on the same eluates showed approxi 
mately 100% apparent recovery' of chloroform 
soluble product calculated as TAE, as also shown in 
Fig 1 

It IS apparent from Fig 1, that the official gra\ i- 
metne method y lelds fairly' acceptable results pri 
manly' because the other product seems to have 
similar solubility characteristics and is extracted 
along with TAE It may be concluded, neverthe 
less, that a prolonged reaction period leading to 
formation of an end product other than TAE will 
tend to give high x alues m the official procedure 

There existed a possibility that the apparent low 
recovery of TAE max' be partly attributable to pos 
sible hx drolx sis of the product during its chroinato 
graphic isolation Experimental tests indicate 
that this IS not the case, as shown in Table I The 
tnacetyl derivative was found to be stable towards 
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Fig. 1. — Apparent yield of triacetylepinephrine 
as function of reaction time. The circles represent 
results obtained by spectrophotometric determina- 
tion on chromatograpUically isolated TAE, The 
crosses are results of direct gravimetric determina- 
tion on total chloroform extracts. 

hydrolysis for at least twenty-four hours when dis- 
solved in pH 3.9-5.6 citrate buffers. Results of a 
direct test of recovery of triacetylepinephrine from 
chromatographic columns buffered at pH 4 with 0.1 
molar citrate buffer are shown in Table 11. The 
citrate buffered internal phase was found to give 
good separation of the acetylation mixture, tri- 
acetylepincphrine being quantitatively eluted and 
degraded products being retained. 

Direct e.xtraction of products of acetylation may 
lead to recovery of not only triacetylepinephrine but 
also certain acetylated forms of oxidized epinephrine 
as well as the reaction products which seem to result 
from exhaustive acetylation. The difficulty in re- 
producing the same degree of acetylation and extrac- 
tion is evident in Fig. 2. The two upper spectral 


Table I. — Stabiuty of O’. 0‘, N-Triacety'l- 

te'O-EPINEPIIRINE IN 0.1 MOLAR CITRATE BUFFER 
Solutions at 25° 


I>H 

Residence 
Time, Hr. 

Added, 

mg 

Found.® 

mg. 

Recovery. % 

3 90 

0.25 

76.1 

76 3 

100.3 

3 90 

24 0 

76.1 

78.3 

102,8 

5 58 

0.25 

68 7 

69 1 

100,5 

6 58 

24.0 

68. 7 

69. 7 

101 5 


“ Determined gravimctricaliy {oUowing chromatoRTapbie 
isotalion 


Table IT — Recovery of 0^ X-Triacetyl- 
/ci’fl-EPI^EPHRIXE FROM CHROMATOGRAPHIC 
Column's® 


Column No 

Added, mg 

Found/' ms 

Recover>', Cl 

1 

17 3 

17.6 

101 7 

o 

17 3 

17 2 

99 4 

.3 

12 0 

12 4 

98 4 

4 

14 9 

14.9 

100 0 


" Iniemal plnse buflercd at pH 4 with 0. 1 raoJarcUralc- 
Determined RTavimctricaiVy. 



WAVELENGTH (up) 

Fig. 2.-- m’ Spectra (B-1, B-2) of residues ob- 
tained in duplicate analyses of solution B (O.lOfr 
epinephrine. 0.10% degraded material) by U. S. P 
XV procedure. Lower curve (TAE) is the ultra- 
violet spectrum of O’, 0*. K-triacetyl-l-cpincphrinc 
isolated by chromatography of residues 


curves were obtained on extracts from duplicate 
analyses following the official procedure on a sample 
containing 0.1% epinephrine and 0.1% degraded 
epinephrine. The lower curve was found following 
chromatographic isolation of TAE from these runs. 

The probable presence of acetylation product(s?) 
other than TAE, which tends to give high results 
gravimetrically. is not as serious as the interference 
by the degraded products. The actual loss of a 
significant portion of triacctyl compound by further 
reaction with acetic anhydride is over-compensated 
by the fact Oiat the higher molecular weight per- 
acctyl product is quite readily extracted by the 
official procedure. The formation of the pcracctyla- 
tion product, however, casts some doubt as to the 
validity of the polariractric determination made 
directly on the extraction residue. 

To test the relative merits of several analytical 
procedures available for detennination of epineph- 
rine in aqueous solution, analytical determinations 
were made by four independent methods on four 
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samples containing degraded epinephrine with ap- 
parent zero epinephrine content along with fairly 
pure drug. The methods studied included (a) direct 
ultraviolet absorption determination on the original 
solution, (b) modified U. S P XIV colorimetric 
method based on the use of ferro-citrate solution, (c) 
U. S. P XV gravimetric method, and (d) the modi- 
fied U. S. P. XV method based on acet 3 dation time 
of three minutes with mechanical stirring and chro- 
matographic isolation of triacetjdepinephine from 
the reaction mixture The results are shown in 
Table III. 

Limitation of direct ultraviolet spectrophotometry 
to analysis of such degraded solutions is evident in 
Fig 3. The upper spectral curves were obtained bji- 



WAVELENGTH (MILLIMICRONSl 


Fig. 3 — Ultraviolet spectra of several epinephrine 
solutions containing varying amounts of degraded 
products The curves marked EP were obtained by 
measurements directly on fixed dilutions of these 
solutions. The lower curves marked TAE refer to 


measurements on TAE fraction isolated by chroma- 

tography. 

The compositions 

of the solutions were 

Sample 

Epinephrine, 

Degraded 

No. 

% 

Epinephrine, % 

A 

0 050 

0 150 

B 

0 100 

0 100 

C 

0 150 

0 050 

D 

0 200 

0 000 


direct ultraviolet spectrophotometry of degraded 
epinephrine solutions. The lower spectral curves 
represent corresponding triacetylepinephrine deriv- 
atives of the solutions prepared by the modified 
U. S. P. XV assaj^ employing chromatographic 
isolation of the derivative. Values reported from 
the colorimetric procedure in Table III were the best 
obtainable after pretreatment of solutions with acti- 
vated charcoal and filtration to remove color of 
degraded epinephrine. Results reported for both 
the ultraviolet and colorimetric method should 
properlj' apply onlj’ to the catechol chromophore or 
presence of phenolic hydroxyls. The methods are no 
more discriminating than this and tell nothing about 
the rest of the molecule or proportions of isomers. 
The official U. S P. method gave high results in 
everjf instance as expected. The modified procedure, 
on the other hand, appears to give valid answers in 
every case. 

Polarimetric determinations on the acetjdated 
extract following the official procedure gave, as ex- 
pected, erroneous but interesting results. This is 
evident in Table IV. Because the recovered weight 
of the acetylation product was alwaj’s much higher 
than theoretical for all samples containing degraded 
epinephrine the official method of calculation is, of 
course, meaningless. It is interesting to note, how- 
ever, if all of the optical activitj' is attributed to /- 
triacetjdepinephrine and that no other optically 
active compound is present, a rather nice agreement 
with theorj’ is obtained. Since in the official pro- 
cedure TAE is totally contained in the extract, such 
a result may be expected if the net optical effect of 
peracetj’lation on the sj'stem was small. This is 
true because in these particular samples no racemi- 
zation existed For regular samples, however, such 
an assumption cannot safelj’ be made and the modi- 
fied procedure presented in this report must precede 
anj' polarimetric determination. 

RECOMMENDATION 

It is recommended that the modified procedure de- 
scribed in this report be adopted as the official 


Table III. — Comparison of Assay Methods in Analysis of Degraded Epinephrine Solutions 


Solutions 

■ — Composition, 
Degraded 
Material 

mg /lOO ml — . 

Synthetic 

/-Epinephrine® 

U V 

Epinephrine Found, mg /lOO ml - 

Color- U S P XV. 6 

imetric Gravimetric 

Modified 

Procedure' 

A 

150 

50 

146 

62 

81.4 

49 3 

B 

100 

100 

166 

106 

129 0 

100.5 

C 

50 

150 

180 

156 

162 5 

148 5 

D 


200 

199 

202 

199 0 

197.5 


° Commercial high purity epinephrine with estimated purity above 98% 

ft Values based on gravimetric determination of residue ep = wt of residue X 0 5923 

c Values reported as /rro-epinephrine 


Table IV. — Gravimetric axd Polarimetric Values Obtained in U. S. P. XV Assay 



— Wt. of Acetvlated Product. Gm s 




mg, in 30 ml. 

Dilution 




Recovery, % 
Gravimetric 



/-Epinephrine, 

Soln.** 

Calcd. 

Found 

«ft 

(o)V° 

Present 

Found‘d 

Founds* 

A 

0 0127 

0.0206 

162 

-0 23 

-56 0 

7 5 

9 8 

7 3 

B 

0 0253 

0.0327 

129 

-0 46 

-70 5 

15 0 

17 1 

14 5 

C 

0 0380 

0.0412 

108 

-0 72 

-87 8 

22 5 

23 8 

22 7 

D 

0 0507 

0 0504 

99 5 

-0 95 

-94 3 

30 0 

30 1 

29 8 


® 15 ml of solution diluted to 30 ml. vith pH 4, 0 1 molar acetate buffer for analysis (See Table HI for composition ) 
ft Determined in 1-dm. micro tube. 

^ Calculated with expression ' Wt. ep /30 ml = [0 5 -f- 0 5 (<*)_d/ 93l X [(Wt Residue) (0 5923)]. 
d Calculated with expression: Wt. ep./30 ml. = 30 X (or^— 0.95). 
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method for determination of epinephrine. The proce- 
dure appears to give valid results in all instances 
ivhere it has been applied It is not based on com- 
pensatory errors arising in the system The method 
is theoretically sound in that results are directly re- 
lated to quantitative conversion and isolation of 
the drug component into a definitel}' established 
derivative Substitution of a chromatographic step 
in lieu of the exhaustive e.\traction in the official 


procedure, moreover, leads to an appreciable saidng 
in operational time. 
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The Solubility and Complexing Properties of 
Oxy tetracycline and Tetracycline III* 

Interactions in Aqueous Solution With Model Compounds. 
Biochemicals, Metals, Chelates, and Hexametaphosphate 

By TAKERU HIGUCHI and SANFORD BOLTONf 

The present study extends the investigation of complexing tendencies of oxjtetra- 
cycline to {a) a series of isomer, multifunctional aromatic compounds, (5) certain 
biochemicals, (c) calcium and magnesium ions, both free and as chelates, and (</) 
hexametaphosphate. The relative importance of grouping and their location on the 
binding tendency has been demonstrated. Measurements carried out on purines, 
DNA, B vitamins, etc., show that such biochemicals are, in general, relatively strong 
complexing agents. Data on alkali earths suggest that complexed drugs may still 
undergo chelation. Hexametaphosphate appears to undergo very slight, if any, com- 
plexing reaction with either tetracycline or oxytetracycline at pH values between 

5 and 8. 


'"I *HE ABILITY of the tetracycline antibiotics to 
forni complexes with organic substances as 
well as metal ions has been established in previous 
studies (1-4) In the present communication 
the binding properties of tetracycline have been 
subjected to further examination in an effort to 
obtain a broader picture of the conditions neces- 
sary for complex formation. More specifically, 
model complexing agents were chosen to shed 
additional light on factors which mai' produce 
the highest degree of binding The interaction 
of oxytetracycline with some compounds of bio- 
logical interest was also investigated on the basis 
that these substances contain appropriate polar 
centers and that these systems might possibly 
represent a mechanism of action of oxytetracy- 
cline ill vivo In addition, the binding behavior 
of metal chelates for organic molecules and inter- 
actions of o.xytetracyclinc and tetracycline with 
sodium hexametaphosphate were examined 
These studies were not particularly under- 
taken to find new complex species of tetracyclines 
but rather to provide further insight into the 

*Rccci\cd June 25 1959, from the School of Pbarmacj 
Unt\criit> of Wi'sconsjn, Madi«:on 
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general phenomenon of molecular binding The 
antibiotic was chosen for tlic purpose of this in- 
vestigation because (a) it possesses a number of 
functional groups conducive to complex forma- 
tion as indicated by earlier studies and (b) be- 
cause of its great medicinal importance The 
binding and associatii'e properties of the drug are, 
also, of fundamental interest in that its microbio- 
logical and pharmacodynamic actions may be 
strongly affected by such behaviors 

STRUCTURAL CONSIDERATIONS 

Because of the intricacy of these reactions and the 
complexity of the oxytetracycline molecule, it seems 
advisable, initially, to contemplate some factors 
which may affect these interactions The extent of 
complex formation may be considered to be depend- 
ent, in part, on a series of competitix-e reactions 
According!}-, the intramolecular and intermolcciilar 
forces present in oxytetracycline would present a 
definite barrier to the formation of complexes The 
low water solubiliti- as well as the conipar.itivcly 
low melting point of oxytetracycline arc probabl}- 
manifestations of intramolecular iiydrogcn bonding. 
The hydroxy and carbonyl groups attached to car- 
bons 10 .and H and 12 and 1 are irienlly situated for 
this type of bonding (Fig I). Tlic fact that oxy- 
telraci-dine forms a stable hydrate suggests a strong 
water-oxytctracycline bond which would interfere 
with an intcnaction of another species at the bonded 
sites 

Similarly, the complexing .agent itself iii.ay be in- 
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OXYTETRACYCLINE 

Fig 1 — Oxytetracycline 

volved in a series of competitive reactions An 
attraction for itself or water would hinder its tend 
ency to eomplex nith oxytetracj dine The fact 
that the completing tendencies of the tetracyclines 
are greater in certain nonaqueous solvents (2), 
where at least competitive solvent interactions are 
lessened, seems to substantiate the above viewpoints 
These competing reactions cannot be separated and 
measured m such a complex system, but the physical 
properties of the substances involved can present an 
insight into the relative magnitudes of these attrac 
tive forces 

EXPERIMENTAL 

Reagents. — Ox} tetracycline dihydrate and tetra 
cycline trihydrate were prepared by methods sug 
gested by Gans and Higuchi (1) The purity was 
checked by solubility analysis All other com- 
pounds were generally redistilled, recrystallized, or 
were of the highest purity commerciallj available 
Sodium hexametaphosphate was used directly as 
supplied by Charles Pfizer and Co Laboratories 

Procedure. — The experimental procedure was 
essentially the same as that used by Gans and 
Higuchi (1) An excess of antibiotic was equili 
brated with 10 cc of a solution of known concen 
tration of coraplexing agent by shaking for eighteen 
hours at 25° The solutions w ere maintained at pH 
5 by use of a suitable buffer, and 0 1% sodium bisul- 
fite was added as an antioxidant In some cases, 
where the complexmg agent was especially labile to 
oxidation, i e , aminophenols, dihydroxj benzenes, 
and ascorbic acid, 1% sodium bisulfite was added 
and equilibration was carried out in an atmosphere 
of nitrogen Clear aliquots were then appropriately 
diluted with pH 5 buffer for spectrophotometric 
analysis 

It should be noted m this respect that the condi 
tion of constant pH imposes certain restnctions on 
the experiment At pH 5, oxytetracycline exists 
as a zwitterion and, therefore, the interaction form 
of oxv tetrac} chne is necessarily limited to this 
species Similarlj , the acid-base ratio of any acidic 
or basic complexmg agent will be fixed by the pH 
In the absenee of other factors, a homologous series 
of acids, for example, should show different degrees 
of activ ity depending on their ionization constants if 
either the acid or base species is active Also, the 
buffer concentration has a definite effect on the solu 
bilit> of ox> tetraci chne as shown m Fig 2 This 
solubilization phenomenon was kept to a minimum 
by using a con\ emently low buffer concentration 

Analybcal Methods. — The amounts of ox}tetra- 



molar concn of buffer 


Fig 2 — Phase diagram showing the effect of acetate 
buffer on the apparent solubility of oxytetracj chne 
at 25°, pH 5 

cyclme and tetracycline in solution were measured by 
convenient dilution m pH 5 buffer and subsequent 
spectrophotometric analysis utilizing the peaks at 
353 m/i and 355 m^i, respectively In certain cases, 
interference in this region of the spectrum by the 
complexmg agent was unavoidable Appropriate 
blank corrections were made at various wavelengths 
and checked by measuring the absorption of the 
solutions at these wavelengths It was found that 
Beer’s law relationship for oxytetracycline held at 
wavelengths from 350-380 m/i In the analysis of 
oxytetracycline riboflavin interaction, the minimum 
in the U V spectrum of riboflavin at 303 ntju was 
used to check the results obtained at 353 m/i 

Salicylaldehyde was found to interfere with the 
analysis in a manner which could not be blanked 
out The solution after equilibration, m this 
instance, was made acid with hydrochloric acid and 
then extracted with three equal portions of ether 
Most of the salicylaldehyde was removed m this 
manner The small amount of oxytetracycline ex- 
tracted was calculated and a correction made m the 
final analysis This procedure was found to be ac 
curate with solutions of known concentration of 
oxytetracycline and salicylaldehj de 

RESULTS AND OBSERVATIONS 

The general type interaction exhibited bj lower 
concentrations of various compounds with ox\ tetra 
cyclme in aqueous solutions is shown m Fig 3 
Soluble complexes appeared to have formed m all 
cases studied In the presence of excess crystalline 
drug, the apparent amount of the antibiotic m solu 
tion appears to increase often Imearlj with the con 
centration of the eomplexmg agent For such a 
system it is convenient to assume formation of a 
one to one complex and to calculate an equilibrium 
constant 

- (W) <=" ’> 

where (X) is the concentration of free complexmg 
agent, (T) is the concentration of free ox j tetra- 
cycline, and (TX) is the concentration of complex 
The details of this calculation maj be found m .i 
paper bj Higuchi and Ztick (5) 

Figure 4 illustrates the effect of higher concentr i 
tions of manj complexmg agents It is obvious 
that the order with respect to complexmg .igcnt is 
increasing at higher levels Equilibrium const. Hits 
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Fig 3. — Phase diagram shon'ing the effect of 
phthalic acid on the apparent solubilitj' of 0 x 5 ’-- 
tetracj’cline at 25°, pH 5. 



Fig. 4. — Phase diagram showing the effect of 
nicotinamide on tlie apparent solubility of oxytetra- 
cycline at 25°, pH 5. 


were calculated for higher order interactions in the 
following manner; 


K- = (rA%) 

{X)(TX) 

’ (X) (rXj) 


Let 


(Eq, 2) 
(Eq. 3) 


(Total Complex) 

m{X) 


= (rx) + (rx,) + (rx,) 

(T) (X) 

= SIX) a. iIZ?l 4. 

{T){X) ■ mfX) 


= X. + A',X:(X) + A-,A%X,(A-)"- 
Rcarranging, 

= A'= + A':A-,(X) (Eq. 4) 

A plot of A'o — Ai/Ai(A') vs. (X) results in a 
straight line with slope ATjA's and intercept X* 
Typical results arc shou n in Fig. 5. In the cases of 



Fig. 5. — Plot illustrating the calculation of second 
and third order equilibrium constants. 


jn-hydro.xybenzoic acid, salicylic add, and pyro- 
gallol, the solubility curves were described by Ki 
and Xs only, where Xj equals (rXs)/( TX) (X")-. A 
modification of the above procedure was used to 
calculate X3. 

Although it cannot be shown that these equilibria 
are actually occurring in solution, these constants 
can accurately describe the solubility curves. To 
calculate the total concentration of oxytetracycline 
in solution at a particular concentration of coraple.v- 
ing agent, the following method suffices: 

Total oxj'tetracycline in solution = 

(D + (FX) + (TXi) + (rXj) (Eq. 5) 

Combining Eqs. 1, 2, and 3 with Eq. 4 

Total oxytetracycline in solution = 

(D 4- XADCX) + (r)X.X.(X)» + 

(r)K,KvK,(X)> (Eq. 6) 

Since (A') is essentially equal to the total amount 
of complexing agent added to the system and (F) is 
equal to approximately 5 X 10“'* M, Eq. 6 can be 
reduced to the following form: 

Total o.vytetracycline in solution — 5 X 10~* X 
[1 + X,(X) + X.XzCX) + X,X-X,(X)»J (Eq. 7)> 

The slopes mentioned in Tables I, II, and III are 
merely the slopes of the straight lines obtained initi- 
ally in the solubility measurements and are men- 
tioned for convenience of comparison. The column 
headed "Complexing Agent Added” indicates the 
maximum amount of complexing agent added to the 
systems in these studies. 

Inferacb'ons of Oxytetracycline With Homologous 
Polar Aromatic Compounds. — The purpose of this 
study was to note the effect of acidity and the pres- 
ence of various polar groups, as well as their posi- 
tions, on the comple-xing tendency with oxytetra- 
cycline. Table I shows that of the monofunctional 
compounds tested the carboxy group seemed to be 
more effective than either the aromatic nitrogen in 
pyridine or the amino group in aniline. In the series 
of dihydroxybenzene derivatives, resorcinol showed 
the greatest acthdty. The aminophenols and pyri- 
dine carboxylic acids showed a similar pattern: the 
mela isomer was stronger than the para, which in 
turn had a higher slope than the orl /10 isomer. 
Salicjdic acid complexed most stronglj' in the series 


’ In the cases of pyroeallol, salicylic acid, and m-hydroay- 
otnioic acid where only Ki and Ks were necessary to describe 
Ine interaction, Eq 7 reduces to* 

Total Oxytet. = 5 X 10-< (1 -t- X, (X) + A'l/t'dA')*) 

where A’j = (TA'd/tX) qrA') 
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Table I. — Interaction Between Oxytetracycline and Various Aromatic Compounds at pH 5 and 

25° 


Compound 

Slope X 102 

A'l 

Liters/Mole 

Aj 

Ai ' 

Molar Conen. 
Complexing 
Agent Added 

Phenol 

0.12 

2.4 



0.11 

Aniline 

0.06 

1.2 



0.105 

Benzoic acid 

0.16 

3 2 



0,21 

Py'ridine 

0.06 

1.2 

0.85 


1.0 

Resorcinol 

0 225 

4.5 

1.00 

o’. 45 

4.05 

Catechol 

0 16 

3.2 

1.32 

0.34 

2.6 

Hy'droquinone 

0,20 

4.0 



0.095 

/j-Aminophenol 

0.10 

2.0 



0,12 

o-Aminophenol 

0,07 

1.4 



0.05 

«;-Aminophenol 

0.13 

2.6 



0.11 

Salicy'lic acid 

0 32 

6 4 


0.7 

3.00“ 

p-Hydroxybenzoic acid 

0 28 

5.6 



0.075 

ni-Hydroxybenzoic acid 

0.28 

5.6 


2, 3 

0.41 

2,4-Dihy'droxybenzoic acid 

0 56 

11.2 

0.45 


0.48 

2,5-Dihydroxybenzoic acid 

0.50 

10.0 



0.48 

2,5-Dihydroxy’benzoic ethanolamide 

0.54 

10.8 



0.38 

3,4-Dihydroxy'benzoic acid 

0.41 

8.2 

o’. 70 


0.52 

3,5-Dihydroxybenzoic acid 

0.44 

8.8 



0.128 

p-Aminobenzoic acid 

0.18 

3.6 



0.084 

0 - Aminobenzoic acid 

0.22 

4.4 



0.064 

ju-Aminobenzoic acid 

0.17 

3.4 



0.03 

Nicotinic acid 

0.195 

3.9 



0.16 

Nicotinamide 

0.205 

4.1 

0.34 


3.9 

Isonicotinic acid 

0.155 

3.1 



0.10 

Picolinic acid 

0.13 

2.6 

0.31 


3.56 

Benzaldehyde 

0.14 

2,8 



0.030 

»i-Hydroxybenzaldehyde 

0 26 

5.2 



0.078 

Salicylaldehyde 

0.14 

2.8 



0.037 


“ Calculated from data by Cans and Higuchi (1). 


Table II. — Interaction of Various Substances With Oxytetracycline at pH 5 and 25° 


Compound 

Slope X lOs 

Ki 

Liters/Mole 

K, 

K> 

Molar Coacn. 
Complexing 
Agent Added 

Ethyltheophylline 

0.74 

14.8 



0.127 

Gallic acid 

0 46 

9.2 



0.115 

2,3-Diketo-l,2,3,4-tetrahydroxy'- 

quinoxaline 

0.44 

8.8 



0.0017 

Apresoline HCl 

0,40 

8.0 



0.079 

J)-Aminosalicylic acid 

0.39 

7.8 



0.12 

Melamine 

0.32 

6.4 



0.064 

Quinoline-8-carbox. acid 

0.27 

5.4 



0.024 

PEG 4000 

0.26 

5.2 



0.06 

Pyrogallol 

0.22 

4.4 


0.84 

3.17 

Maleic hydrazide 

0.19 

3.8 



0.055 

8-Hydroxy'quinoline 

0.18 

3.6 



0.017 

Antipy'rine 

0.17 

3.4 

o’. 36 


3.25 

o-Phthalic acid 

0.14 

2.8 



0.36 

Monomethy’loldimethylhydantoin 

0.095 

1.9 

0,37 


2.8 

Pyridazine 

0.09 

1.8 



0.26 

Dimethylhy'dantoin 

0.07 

1.4 

0.43 


1.05 

Oxazolidone 

0.06 

1.2 

0.19 

o’, 23 

3.0 

Barbital 

0.06 

1.2 



0.042 

PEG 1500W 

0.06 

1.2 



0.18 

3-Hydroxy'-3-methy'l-2-butanone 

0.012 

0.24 

l’.’2’ 


0.405 

Malonic acid 

0.01 

0.2 



0.96 


of hydroxybenzoic acids and, similarly, the hydroxy 
derivatives of salicylic acid proved stronger than 
other dihydroxybenzoic acids tested. Again, in the 
aminobenzoic acid series, the ortho isomer showed 
greatest activitj'. It is onlj" in the case of the hy- 
droxybenzaldehydes that the ortho isomer seemed to 
be less active. In an attempt to correlate these 
results with coinplexing activity, relative acidity' 
and the positions of relevant groups were considered. 

A direct correlation between acidity' (as measured 
by ionization eonstants) and activity is not apparent. 


This is most easily seen in the scries of dihydroxy- 
benzoic acids. At the pH of these experiments the 
dihydroxy'benzenes are essentially all in the non- 
dissociated form. It should also be noted in this 
respect that the slopes obtained for gentisic acid and 
nicotinic acid were slightly smaller than the slopes 
of their amide derivatives. 

In each series of homologous eompounds the influ- 
ence on binding tendency' of position isomerism is 
evident. In all cases, except the benzaldehy'dc 
series, the compounds with polar groups separated 
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Table III — Interaction- of Various BiocHEjacALs With Oxytetracycline at pH 5 and 25° 


Compound 

Riboflavm-5-pbos Na 
Desoxyribonucleic acid 
Adenylic acid 
Thymine 
Uracil 

Pyridoxine HCI 

Dmiethyluracil 

Alloxan 

Thiamine HCI 

Tryptophane 

Cytosine 

Creatinine 

I-Histidine HCI 

Ascorbic acid 

Urea 






Molar Conen 



— -Liters/Mole 

— . — — — 

ComplexiQg 

Slope X 10= 

Ki 

Ks 

Ki 

Agent A^ded 

1.28 

25 6 



0 0014 

1 IS 

23 0 



0 OS 

0 50 

10 0 



0 062 

0 31 

6 2 



0 037 

0 25 

5 0 



0 019 

0 23 

4 6 

0 26 

0 6 

1 03 

0 20 

4 0 

0 5 


1 16 

0 25 

5 0 



0 14 

0 225 

4 5 

0 6 

0 S 

1 02 

0 20 

4 0 



0 01 

0 16 

3 0 



0 059 

0 13 

2 6 

0 35 


1 06 

0 07 

1 4 

0 45 


0 89 

0 06 

1 2 



0 057 

0 02 

0 4 

0 52 


7 3 


by three carbon atoms seemed to be most active 
Thus, if a more stable complex can be formed when 
two polar groups are idealb’ oriented so as to fit 
receptor sites in the oxytetracycline molecule, an 
optimum positional effect would be expected. The 
apparent anomaly in the case of salicylaldehyde can 
be rationalized on the basis of the very strong intra- 
molecular hydrogen bonding existing in this com- 
pound (6) 

It x\as noted, also, that the complexing properties 
of these multifunctional compounds are approxi- 
mately additive Accordingly, the slope of a by- 
droxybeuzoic acid was close to the sum of the slopes 
of benzoic acid and phenol Figure 6 shows a plot of 
expected slope value, calculated strictly- on an addi- 
tive basis, vs the observed value It is seen that 
although the properties are not strictly additive, 
there is a linear relationship in the series of com- 
pounds where polar groups are separated by 3 and 4 
carbons The low deviation from this additive 
effect in tlie aminophenols could be due to strong 
intermolecular associations in solution. The high 
deviations in the cases of the dihydroxybenzoic acids 
could be explained on the basis of a greater possi- 
bility of multiple point contacts, which would pro- 
duce a more stable complex. 

Interactions of Oxytetracycline With Other 
Simple Polar Molecules of Various Configurations. — 
Table II lists some additional compounds which 
w cre used in this study They were chosen not only 
to help elucidate the data on tlie acids but also to 
note tlie effect of different types of configurations on 
complexing activity. 

8-Hydro\yquinoline, 8-carbo\yquinolme, the quin- 
oxalme dcriv-ativc, and apresoline hydrochloride all 
showed greater activity than was expected Al- 
though the reason for this w ould be difficult to inter- 
pret, It should be noted that these substances all 
contain fused ring systems Andrews has men- 
tioned that the stability of 1-1 complexes increases 
with the number of rings in the complexing agent 
(7). 

Both p-aminosahcylic acid and gallic acid behax-ed 
approximately as expected The lower slope of 
gallic acid and p\ rogallol seems to substantiate the 
importance of position of polar groups A similar 
observation was made by Sakai in an investigation of 
the effect of \-arious benzene derivatives on the solu- 
bility of riboflavin (8) Piithahc acid exhibited 
relatively weak binding properties 



OBSERVED SLOPE X 10^ 

Fig 6 — Predicted siope value vs observed slope 
value where polar centers are separated by three 
carbons (#) and four carbons (O) 

In contrast to aromatic compounds, purely ali- 
phatic compounds show- relatively low affinity for 
the antibiotic Both malonic acid, which contains 
the optimum “three carbon separation,” and hy- 
droxymethyibutanone had a very- small effect on the 
solubility- of oxytetracycline The behaviors of 
barbital, oxazoUdone, and the hy-dantoins are also 
similarly- weak This could be explained on the 
basis of Pi complexing or the necessity of a planar 
structure to obtain proper orientation 

Interactions of Oxytetracycline With Compounds 
of Biological Interest.— Table III lists some metab- 
olites whose configurations seemed to be appro- 
priate for complex formation witii oxy-tetracy-cime 
Oxytctracy-cline was found, for example, to have an 
effect on the excretion of B vitamins (9) and their 
activity- (10) The inx-estigation of these sy-stems 
was also indicated on the basis that the biological 
actioa of oxytetracy-cline may conceivably involve 
association with essential metabolites i» v/vo. 

Fused ring compounds such as desoxy-nbonucleic 
acid, adenylic acid, and riboflavin exliibited the 
strongest binding tendencies of the compounds in this 
scries Tryptophane, whicii also falls into this 
class, showed similar high order of complexing 
ability Although otlier interesting biochemical 
compounds such as uric acid, folic acid, rutin, and 
quercitin were all considered, they were found to ' 
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so insoluble as to make any accurate observations 
impossible. 

The results in the uracil series are interesting as 
the}' show the effect of substituted nonpolar groups 
on complexing activity. Uracil appears to be less 
active than thymine, and dimethyluracil less active, 
in turn, than uracil. Thefact that these biochemicals 
do associate with oxytetracycline is not meant, of 
course, to infer that these interactions per se are 
important in the physiological activity of the anti- 
biotic. Rather, the idea that these interactions do 
occur with such naturally occurring substances is of 
interest in that similar interactions may take part 
in the actions of such drugs. 

Investigation of the Interaction of Metal Chelates 
of Oxytetracycline With Some Organic Molecules, — 
Figure 7 illustrates the effect of CaClj and MgCb 
on the solubility of oxytetracycline. Although the 
existence and properties of these chelates have been 
investigated elsewhere (11, 3), the possibility of 
metal chelates of oxytetracycline reacting in turn 
with an organic complexing agent seemed worthy of 
investigation. 

The results of a typical experiment are shown in 
Fig. 8. The concentration of metal ion in the sys- 



Fig. 7. — Phase diagram showing the effect of mag- 
nesium and calcium chlorides on the apparent 
solubility of oxytetracycline at 25°, pH 5. 




Fig. 8. — Plot showing the observed increase in 
the solubility of oxytetracycline beyond that calcu- 
lated on an additive basis in the system mag- 
nesium chloride-monomethyloldimethylhydantoin- 
oxytetracycline at 25°, pH 5. 


tem was kept constant while the concentration of 
monomethyloldimethylhydantoin (MDH) was 
varied. The increase in solubility of oxytetracycline 
was noted beyond that calculated on an additive 
basis, i. e., independent interaction of metal and 
MDH added. A similar plot, keeping MDH con- 
stant and varying the concentration of metal ion, 
results, also, in a straight line. It is obvious from 
these plots that the increase in solubilization of 
oxytetrae}'cline is proportional to the concentration 
of both metal and organic species. The relationship 
can be expressed by Eq. 8. 

Increase in solubility 

beyond expected = K (coneentration of metal 
ion) X (concentration of 
comp, agent) (Eq. 8) 

where K is an appropriate constant. 

This relationship was tested at higher concentra- 
tions of metal and complexing agent, and the results 
as well as the “K" calculated from Eq. 8 are listed in 
Table IV. (In the oxazolidone-magnesium chloride 
system, a plot similar to Fig. S produced a curve 
which deviated from linearity at higher concentra- 
tions. An extrapolation of this curve was used to 
calculate the expected solubility of oxytetracycline 
at still higher concentrations.) This solubilization 
phenomenon is probably due to a new association 
species resulting from the interaction of the oxytetra- 
cycline chelate or the oxy tetracycline-organic com- 
plexing agent association product with the free 
metal or organic compound. 

These promising results suggested further investi- 
gation of similar systems involving a chelating agent, 
metal ion, and oxytetracycline. One of two results 
was expected: (o) the solubility of oxytetracycline 
would be reduced because of competition for the 
metal ion by the chelating agent, or (J) a new reac- 
tion would occur and the solubility of oxytetracycline 
would be significantly increased. 

In the presence of ascorbic acid and magnesium 
chloride the solubility of oxytetracycline was in- 
creased only a small amount above that calculated 
on an additive basis. In view of the above discus- 
sion, this result was unexpected. However, a 
potentiometric titration of ascorbie acid in the 
presence of magnesium chloride compared to a 
similar titration in which magnesium chloride was 
replaced by sodium chloride of equal ionic strength 
demonstrated that no chelate formation occurs in 
this system, at least in the pH range 3-8. Thus, the 
small increase in solubility of oxytetracycline ob- 
served seems to be due only to the type of reaction 
exhibited in the three-component systems previously 
discussed. 

It can be seen from Fig. 9 that the solubility of 
oxytetracycline is significantly reduced when EDTA 
is added to the system oxytetracycline-magnesium 
chloride. EDTA, alone, had a negligible effect on 
the solubility of oxytetraeycline. Using the data of 
Schwarzenbach (12, 13), the amount of metal ion in 
solution in the presence of EDTA at pH 5 was cal- 
culated. The solubility of oxytetracycline observed 
did not correspond to the solubility expected from 
the above calculation but the presence of buffer as 
well as the competing oxytetracycline-metal inter- 
action probably invalidates the use of Schwarzen- 
bach's data here. It is to be noted that the de- 
crease in solubility of oxytetracycline with rising pH 
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Table IV — Interactions of Calciom and Magnesium Ions With Organic Complexing Agent and 

OxYTETRACVCLINE AT pH 5 AND 25° 






Calculated 

Obserx ed 





Increase in 

Increase in 



l^folar Co^cn 

Liters/Mole 

Molar Conen 

Molar Conen 

Molar Conen Organic Compound 


jMetal Ion 

A' 

Oxytet X 10* 

Oxytet X 10' 

Monomethyloldimethylhydantoin 

0 675 

Mg 0 038 

0 038 

21 3 

21 2 


1 038 

0 098 


38 6 

41 7 


1 210 

0 118 


54 3 

57 2 


0 51 

0 0494 


9 6 

7 5 


0 38 

0 0365 


5 2 

6 7 

Oxazolidone 

0 35 

0 0498 

0 39“ 

7 8 

8 3 


1 00 

0 06 


28 1 

24 0 


1 05 

0 076 


40 5 

39 7 


0 66 

0 116 


44 2 

39 2 


1 44 

0 106 


SO 7 

84 3 

Resorcinol 

0 30 

0 067 

0 115 

23 2 

24 3 


0 448 

0 158 


81 5 

SO 0 


0 605 

0 091 


63 4 

71 0 

Ethyltheophylline 

0 975 

Ca 0 0997 

0 22 

21 4 

22 0 


1 00 

0 148 


32 6 

32 3 


® At very low coaceatrations of and oxazolidone 



Fig. 9 — Phase diagram showing the effect of 
NajMg EDTA on the apparent solubility of oxy- 
tctracycline at 25° at several pH’s. The effect of 
magnesium chloride at pH 5 is included for com- 
parison 

is to be expected if the decrease in solubility is 
merely due to the removal of metal ion by EDTA 

Interaction Studies of Sodium Hexametaphos- 
phate With Tetracycline and Oxytetracycline. — Re- 
cent commercial interest in tetracjxline-hexameta- 
phosphate combinations in various dosage forms 
prompted an investigation of a possible interaction 
in this system. A complex of sodium hexameta- 
phosphate and tetracycline, isolated at pH 1 5 (14) 
and confirmation of the increased oral absorption of 
this combination (15, IG) have been reported in the 
recent literature 

The results of solubility studies at pH 5 as de- 
picted in Fig 10 strongly suggest that only minimal 
interaction occurs in these systems Similar results 
were obtained at pH 7 To cheek the possibility 
that these negative results were not liiie to certain 
anomalies in the experimental setup, such as inter- 
ference by the buffers used, a variation was intro- 
duced The solutions of sodium hexametaphosphate 
and antibiotics were equilibrated in distilled water, 
the pH of each solution being checked The results 
of this study with tetracycline, including variations 
in ])H with concentration of sodium hcxatnclaphos- 



Fig. 10. — Phase diagram showing the effect of 
sodium he.x'ametaphosphate on the solubility of 
tetracj'cline and oxytetracycline at 25°, pH 5 


phate, are shown in Fig. 11 Similar results were 
obtained with oxytetracycline The solubility and 
pH curves seem to parallel each other indic.ating 
that the change in solubility might be a function of 
pH only. 

In conjunction with this study, the solubility of 
the tetracyclines was determined in the absence of 
buffer bj’ extrapolating curves of antibiotic solu- 
bility vs. buffer concentration to zero buffer concen- 
tration at several pH’s between seven and eight 
The results are shown in Fig 12. By subtracting 
the solubility as observed in Fig 12 from that ob- 
serx'cd in Fig 11 at that particular pH, the increase 
in solubility of tetracycline as a function of hexa- 
raetaphosphate concentration was calculated The 
results, thus obtained, in both oxytetracycline and 
tetracycline systems are depicted in Fig 13 Al- 
though this plot seems to indicate that there is some 
interaction occurring, the errors inherent in the 
approximations introduced do not permit the use of 
these data as a means of analyzing the interaction. 

The fact that comparatively little binding tend- 
ency was noted suggests that sodium hexametaphos- 
phatc must act in some other manner if the rate of 
absorption is actu.ally increased in its presence. 
Thus, for example, increased oral absorption of this 
combination may be elicited through a membrane 
effect in addition to tlie sequestering behavior of 
sodium hc-xametaphosphate. The latter .action 
probably accounts largely for the observed effect. 
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Fig 11 — Diagram showing the effect of sodium 
he.xametaphosphate on the solubility of oxytetra- 
cycline and tlie pH of the resulting solutions in the 
absence of buffer at 25° 



Fig 12 — Plot showing the variation in solubility 
of tetracycline and oxytetracycline with pH at 25° 
in the absence of buffer 



Fig 13 — Plot showing the increase in solubility 
of the tetracj'clines vs concentration of sodium 
hexaraetaphosphate in the absence of buffer at 
25°. 


SUMMARY 

1. The results of the interaction of a series of 
homologous aromatic hydroxy, amino, carboxylic 
acid, and p>’Tidine compounds with oxytetracy- 


cline seem to indicate that there exists a relation- 
ship between activity and position of functional 
groups. There also seems to be a correlation be- 
tween activity and the number and type of polar 
groups present 

2 Aromaticity seems to be essential for opti- 
mum complexing activity as determined b}' ex- 
periments with a variety of nonaromatic com- 
pounds Also the presence of fused ring systems 
seems to enhance complexing activity. There 
is a suggestion of Pi complexing playing an im- 
portant role in these interactions 

3 Oxytetracycline forms complexes with a 
variety of metabolites, vitamins, and amino acids 
These interactions suggest a possible mechanism 
of action in vivo 

4 A combination of calcium or magnesium 
ions and various organic complexing agents re- 
sulted in a synergistic action as noted by the in- 
crease in solubility of oxytetracycline. EDTA 
decreased the apparent solubility of the oxytetra- 
cycline-magnesium chelate probably due to re- 
moval of metal ion in a competitive reaction 

5 Only little interaction between sodium 
hexametaphosphate and oxytetracycline and 
tetracycline was observed. This is not meant to 
imply that increased oral absorption of this com- 
bination does not occur via other physical or 
chemical pathways 

G At best, only suggestions of the mechanism 
of action of these interactions can be made due to 
the complex nature of the systems as well as the 
presence of inseparable competing reactions 


REFERENCES 


(1) Cans, E H , and Higuchi, T , This Journal, 46, 158 
(1957) 

(2) Cans, E H . and Higuchi, T , ibid . 46, 587(1957) 

(3) Albert, A , and Rees, C W . Nature, 177, 433(1950) 

(4) Albert, A , ibid , 172, 201(1953). 

(5) Higuchi, T , and Zuck, D A , Tins Journal, 42, 138 
(1953) 

(0) Paultng, L , "The Nature of the Chemical Bond," Cor- 
nell University Press, N Y , 1910, p 319 

(7) Andrews, L J , Chem Rev , 54, 713(1954) 

(8) Sakai. K , Nagoya J Med Set , 18, 237(1950) 

(9) Di Raimondo, F , Angerano, D , and IVtannjno, N , 
C/tein Abslr ,49,4103(1955) 

(10) Dony-Crotteaux, J , J phann Belg , 12, 179(1957) 

(11) Regna. P T,etal,J Atn Chem 5oc , 73, 4211(1951) 

(12) Schwarzenbach, G , /Jriv Chtm Ac/a, 30, 1798U947). 

(13) Schwarzenbach, G , tbid , 31, 1029(1948) 

(14) Kaplan, M A , el al , Antibiotic Afed b* Clin Therapy, 
4, 99(1957) 

(15) Pulaski, E J , and Isokane, R K , ibid , 4, 108(1957) 

(16) Cronk, G A , Naumann, D E , and Casson, K , 
Anitbtoltcs Ann , 1957-58, 397. 





Isotonic Solutions IX 

The Permeability of Red Corpuscles to Some 
Monohydric and Polyhydric Alcohols 

By PAUL ZANOWIAKf and WILLIAM J. HUSA 

The degree of hemolysis of rabbit and human erythrocytes in solutions of a series of 
monohydric and polyhydric alcohols was investigated. When possible, these data 
were used to calculate van’t Hoff i values. The monohydric and polyhydric alcohols 
which had a molecular weight less than that of erythritol caused complete hemolysis 
in concentrations calculated to be isosmotic. Certain concentrations of the monohy- 
dric alcohols caused hemolysis even in the presence of 0.6 per cent (0.1 ill) sodium 
chloride. The low molecular weight diols and triol investigated did not cause 
hemolysis in the presence of 0.6 per cent sodium chloride. The polyhydric alcohols 
of higher molecular weight prevented hemolysis. It appeared that the phenomena 
occurring at the erythrocyte membrane in the case of the alcohols might be in- 
fluenced by molecular weight and the number of hydroxyl groups present; the ratio 
of hydroxyl groups to the number of carbon atoms in the molecule might be 

important. 


Tn AN INVESTIGATION of isototitc Solutions of 
various compounds, Husa and Adams (1) 
showed that certain of these, including several 
alcohols, did not prevent hemolysis at concentra- 
tions which were calculated to be isotonic accord- 
ing to physicochemical data. Grosicki and Husa 
(2) stressed the importance of making hemolytic 
tests, especially as a check on physicochemical 
data, for the preparation of parenteral solutions. 
They devised a hemolytic method for determining 
sodium chloride equivalents and calculated iso- 
tonic coefficients for various amino acids, sugars, 
and salts Husa and co-workers (3-6), emploj'- 
ing the hemolytic method, studied the effects of 
urea and urea derivatives, numerous electrolytes, 
salts of organic acids, and alkaloidal salts upon 
rabbit and human red blood cells. 

Many organic hydroxy compounds have been 
found to penetrate erythrocytes of various 
species However, it has been shown that some 
sugars did not possess this ability (2), The pur- 
pose of this investigation was to determine, 
wherever possible, the isotonic coefficients of a 
series of alcohols and to obtain data that might 
contribute to a hypothesis which could correlate 
the molecular weight and chemical configuration 
of alcohols with their erj'throcyte membrane 
activity A hemolytic method was used with 
rabbit and human red blood cells. 

EXPERIMENTAL 

Collection of Blood.— The blood samples employed 
ill the present investigation wercobtainedand treated 
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in the same manner as described previously by Husa 
and co-workers (2, 3). Human blood samples were 
obtained mainly from the veins of the arms of a 
twentj'-four year old male. Several experiments 
were conducted with venous blood of other donors. 

Preparation of Solutions. — Stock solutions of 
various concentrations of the alcohols were prepared 
by weighing the proper amounts of the respective 
alcohols and bringing to volume with triple-distilled 
water. Sodium chloride solutions were prepared in 
the same way. Necessary' dilutions were then made 
from these stock solutions in the manner described 
previously (3), as were the solutions containing both 
sodium chloride and an alcohol 

Quantitative Determination of Per Cent Hemoly- 
sis. — ^The method used to determine the degree of 
hemolysis of erythrocytes in the various solutions in- 
volved in this investigation was essentially that of 
Hunter (7) and has been described in detail by Gros- 
icki and Husa (2). The major difference in proce- 
dure in the present investigation was that all experi- 
ments were carried out at a temperature of 37° ± 
0 . 1 °. 

Calculation of t Values. — When the concentra- 
tions of sodium chloride and any other compound 
needed to cause a certain degree of hemolysis are 
known, the isotonic coefficient (f value) of the other 
compound can be calculated according to the os- 
motic equation used by Grosicki and Husa (2). This 
was the basis for the i value calculations in the pres- 
ent investigation. 

In experiments carried out in the presence of 0.2% 
sodium chloride, the concentration of sodium chloride 
used in the osmotic equation was obtained by sub- 
tracting 0.2 Gm./lOO ml. sodium chloride from val- 
ues determined by interpolation of curves (concen- 
tration I's. per cent hemolysis) drawn for each blood 
sample (6). 

DISCUSSION 

yariability of Blood. — The importance of the 
variability factor of blood samples used in quantita- 
tive hemolytic determinations has been discussed 
by Husa and co-workers (5, 6). A range of concen- 
tration of sodium chloride solutions was emploved in 
this investigation as a standard of reference to cir- 
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cumvent error ascribable to the variabilitj’ of eryth- 
rocyte fragility. The degree of hemolysis occurring 
in the various concentrations of sodium chloride was 
determined for each blood sample and differences in 
erythrocyte fragility were overcome by comparison 
of these values with those found for the degrees of 
hemolysis in solution of the substance under investi- 
gation. 

Procedural features that were utilized to diminish 
experimental error were the use of duplicative tubes 
of all solutions within each experiment and the use 
of five separate tubes for 100% hemolysis for each 
blood sample; three of these tubes were placed at 
the beginning and two at the end of each run. For 
each compound studied, at least two experiments, 
utilizing two different blood samples of the same spe- 
cies, were performed. 

Value of i for Sodium Chloride. — Previous hemo- 
lytic determinations (1-6) were carried out at 25° 
and the i values were calculated using sodium chlo- 
ride as the standard and 1.86 as the i value for sodium 
chloride. The present investigation was carried out 
at 37°. It, therefore, became necessary to determine 
whether the i value for sodium chloride would be dif- 
ferent at this temperature than at 25° as used by pre- 
vious workers. 

From electromotive and boiling point data, the os- 
motic coefficient of sodium chloride from 0 to 40° 
and from 0.1 M to 4.0 M has been computed and 
graphically summarized by Hamed and Owen (8). 
For 0.1 M sodium chloride there was no significant 
change of the osmotic coefficient from 0 to 40°, when 
derived from such data. 

It also seemed desirable to obtain hemolytic 
data which could validate the use of 1.86 as the i 
value for sodium chloride at 37°. Therefore, an ex- 
periment was designed employing the general range 
of sodium chloride concentrations used in conjunc- 
tion with rabbit blood in this investigation. The 
procedure was essentially the same as described 
above except that four tubes of each concentration 
were used; two each were kept at 25° for forty-five 
minutes, while two were maintained at 37° for the 
same period. The tubes held at 25° were regarded 
as the “known” factor for this experiment and the 
value for i at that temperature was taken as 1.86. 
From the data so obtained, a value of i for sodium 
chloride at 37° was determined. The results indi- 
cated that the i values for sodium chloride obtained 
at 37° were directly comparable with the data ob- 
tained at 25° by previous workers and 1.86 was used 
as the i value for sodium chloride in this investiga- 
tion. 

Results with Monohydric Alcohols.- — Quantitative 
hemolj'tic determinations were performed with 
methyl, ethyl, K-propyl, isopropyl, «-butyl, isobutyl, 
sec-butyl and tcrt-butyl alcohols, employing rabbit 
and/or human blood. The general range of concen- 
tration of the solutions of the monohydric com- 
pounds was 0.5 to 10% except where the respective 
solubilities prevented this, in which case the highest 
practical concentrations were used, e. g., 4% (0.5jl/) 
of isobutyl alcohol. Other exceptions occurred when 
after mixing with blood, precipitates formed at the 
higher concentrations employed, as with n-propyl 
and ii-butyl alcohols. In these cases the highest 
practical concentrations were also employed. 

In each determination involving the monohydric 
compounds the highest concentration used was well 


above that needed to give the same freezing point as 
a 0.5% solution (0.1 M) of sodium chloride. Such a 
solution might be expected to prevent hemolysis of 
rabbit and human erythrocytes. However, the re- 
sults indicated that approximately 100% hemolysis 
occurred with such concentrations, as well as with 
the lower concentrations investigated. These data 
seemed to agree with the results of Griyns (9) who 
noted that chicken and horse erythrocytes hemo- 
lyzed in the presence of aliphatic monohydric alco- 
hols and glycerin. Booij, et al. (10), found that nor- 
mal alcohols at higher concentrations produced 
hemolysis. 

The results obtained from determinations involv- 
ing certain concentrations of various monohydric 
alcohols in the presence of 0.2% (0.03 ill) and 0.6% 
(0.1 M) sodium chloride are summarized in Tables I 
and II respectively. Table II indicates that all the 
monohydric alcohols investigated, except methyl al- 
cohol, produced hemolysis in the presence of 0.6% 
sodium chloride. The effect of a range of concentra- 
tion of each of these compounds upon human and 
rabbit erythrocytes in the presence of 0.6% sodium 
chloride was also investigated. 

In the case of ethyl alcohol in the presence of 0.6% 
sodium chloride, solutions of 5% (1.1 M) or less did 
not cause hemolysis of rabbit and human blood. 
However, 15% (3.3 M) solutions produced complete 
hemolysis. For »-butyl alcohol in the presence of 
0.6% sodium chloride, solutions of 1.5% (0.2 M) or 
less did not cause hemolysis of rabbit or human eryth- 
rocytes, but 2% solutions (0.3 M) produced com- 
plete hemolysis. 

When rabbit erythrocytes were employed, solu- 


Table I. — Effect op Various Monohydric Al- 
cohols ON Human and/or Rabbit Erythrocytes 
IN THE Presence of 0.2% Sodium Chloride 



Rabbit 

Erythrocytes 

Human 

Erythrocytes 

Compound 

% 

Hemoly- 

sis, 

Approxi- 

mate 

% 

% 

Hemoly- 

sis, 

Approxi- 

mate 

% 

Methyl alcohol 



10 

100 

Ethyl alcohol 

io 

i66 

10 

100 

«-Propyl alcohol 

7 

100 

7 

100 

Isopropyl alcohol 

10 

100 



«-Butyl alcohol 

2 

100 

2 

100 

Isobutyl alcohol 

4 

100 



rec-Butyl alcohol 

5 

100 



Icrl-Butyl alcohol 

10 

ppt. 




Table H. — Effect op Various Monohydric Al- 
cohols ON Human and/or Rabbit Erythrocytes 
IN THE Presence of 0.6% Sodium Chloride 


Compound 
Methyl alcohol 
Ethj'l alcohol 
«-Propyl alcohol 
Isopropyl alcohol 
H-Butyl alcohol 
Isobutyl alcohol 
xec-Buiyl alcohol 
/crI-Butyl alcohol 


Rabbit Human 


Erythrocytes 

Hemoly- 

sis, 

Approxi- 

mate 

Erythrocytes 

Hemoly- 

sis, 

Approxi- 

mate 

% 

% 

% 

% 



10 

0 

10 

70 

10 

70 

7 

100 

7 

100 

10 

WO 



2 

100 

2 

100 

4 

100 



5 

100 



10 

ppt. 
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tions of 2% (0,3 Af) or less, of «-propyl alcohol in the 
presence of 0.6% sodium chloride did not cause he- 
molysis, but 5% solutions (0.8 ilf ) produced complete 
hemolj'sis. With human erjthrocytes, 4% solution 
(0,7 Af) or less did not cause hemolysis, nhile 5% 
(0.8 ilf ) solution produced complete hemolysis. 

In the presence of 0.6% sodium chloride, solutions 
of 5% (O.S AI) of isopropjd alcohol did not cause 
hemolysis of rabbit erythrocytes, but solutions of 
10% (1.7 Af) produced complete hemolysis. Solu- 
tions of isobutyl alcohol of 1.5% (0.2 jl/) or less in the 
presence of 0.6% sodium chloride did not cause 
hemoly.sis; however, 2% solutions (0.3 AI) caused 
approximately 60% hemol 5 'sis. Solutions of 2% 
(0.3 AI) of jcc-butj'l alcohol in the presence of 
0.6% sodium chloride caused approximately 5% 
hemoljfsis of rabbit blood, while 4 and 5% solutions 
(0.5 AI and 0.7 Af) caused complete hemolysis. Sim- 
ilarly, 5% solutions (0.7 H/) of tert-butyl alcohol in 
the presence of 0.6% sodium chloride caused approxi- 
mately 5% hemolysis, whereas 7% solutions (0.9 Af) 
caused complete hemolysis. 

In the case of the raoaohydric alcohols which were 
found to produce hemolj'sis in the presence of 0.6% 
sodium chloride, the degree of hemolysis seemed to 
increase with an increase in the concentration of the 
respective compounds. For each of these com- 
pounds. as outlined in the above discussion, there 
appeared to be a certain critical concentration belorv 
which, in the presence of 0,6% sodium chloride, 
hemolysis did not occur. 

At certain higher concentrations of these alcohols, 
precipitates formed when 0.6% sodium chloride was 
present. This precipitation may have been due to 
denaturation of one or more of the proteins of the 
blood. 

Results with Certain Polyhydric Alcohols. — 
Quantitative determinations were carried out em- 
ploying ethylene glycol, 1,2-propanedio!, glycerol, 
and 1,3-butanediol in concentrations of 0.5 to 10%. 
In each determination involving these compounds, 
the 10% solution was well above the concentration 
needed, according to osmotic calculations, to have 
the same osmotic pressure as a 0.5% (0.1 Af) solu- 
tion of sodium chloride. Tlsc results indicated that 
approximately 100% hemolysis occurred with this 
concentration, as well as with lower concentrations 
investigated 

.^^bnormal permeability of erytlirocytes in solu- 
tions of some nonelectrolytes can lx; corrected in 
some cases by the addition of a small proportion of 
an electrolyte such as sodium chloride (2). The ef- 
fect of the presence of 0.2% (0.03 Af) and 0.6% 
(0.1 Af) sodium chloride upon the hemolysis by 
ethylene glycol, 1,2-propanediol, glycerol, and 1,3- 
butancdiol has been studied in the present investiga- 
tion. In each c,ase, 10% solutions of the respective 
compounds were used. Regardless of the type of 
erythrocytes employed, all of the.se solutions caused 
complete hemolysis in the prc.scncc of 0.2% sodium 
chinridc. In the presence of 0 0% sodium chloride 
the 10% solutions !(I.l .If) to (1.6 .If)! of each of 
these compounds did not cause hemolysis. 

Results with Other Poij’hydric Alcohols. — It was 
possible to determine i values for certain of the poly- 
Uydric alcohols investigated. These compounds and 
the average i values found for each, are given in 
Tables III and lY which al.so include their f values 
dclcrinincd in the presence of 0,2% (0.03 -If) sodium 


Table III. — I'altos tor i for I'arious Poly- 
HVDRtc Alcohols, Calculated from Coxcektra- 
TiONS Causing 25, 59, and 759c Hemolysis of 
Rabbit EryTiirocytes'' 



23 

Hetoolvsls. ^ 
60 

76 

Avctagc 

Mannitol 

1.26 

1.29 

1,33 

1.29 

Sorbitol 

1.23 

1 28 

1 33 

1 28 

Inositol* 

1.27 

1 30 

1.35 

1 31 

MannkoV 

1,23 

1.24 

1.26 

1 24 

Sorbitol' 

1.22 

1.24 

1 28 

1 25 

Inositol' 

1.18 

1.22 

1.26 

1 22 


“ Unless otherwise indicated, all i values represent an 
average of two blood samples. 

^ Average of three blood samples. 

® In the presence of 0 . 2 % sodium chloride. 

Table IV. — Values for i for Various Poly- 
HVDRic Alcohols, Calculated froji Co.vce.vtra- 
TioNS Causing 25, 50, and 75% Hemolysis of 
Hujian Erythrocytes" 


Hemolysis, 


Compound 

25 

50 

75 

Avcraj^c 

Erythritol 

Pentaerv- 

0.47 

0.53 

0.60 

0.53 

thritol 

0.61 

0 66 

0.72 

0.66 

Mannitol 

1. 32 

1 37 

1.42 

1.37 

Sorbitol 

1.31 

1,37 

1.41 

1.36 

Inositol* 

1.35 

1.40 

1 46 

1.40 

Mannitol' 

1 20 

1.21 

1.25 

1.22 

Sorbitol' 

1.19 

1 21 

1 24 

1.21 

Inositol' 

1 20 

1.24 

1.30 

I 25 


“ Unless otherwise indicated, a!! ) values represent an aver- 
age of two blood samples 

fr Average of three blood samples, 
s In presence of 0.25^ sodium chloride. 


chloride. These data seem in agreement with sev- 
eral investigations reported in the literature. 
Griyns (9) found that chicken and horse erythrocytes 
remained intact in i.sotonic solutions of mannitol and 
inositol. Hedin (11) reported that mannitol and 
adonitol penetrated ox crj'throcytcs only slightly 
and erythritol somewhat more rapidly. Human 
erythrocytes were found to be impermeable to man- 
nitol and dulcitol and slightly permeable to adonitol 
( 12). Five and si.Y carbon alcohols did not percep- 
tibly penetrate human erj-throcytes (13). 

Values for i of approximately 1.20 for amino acids 
and sugars using rabbit eo'throcytes were reported 
by Grosicki and Husa (2). They found similar i 
values for dextrose, sucrose, and lactose, al.so with 
rabbit erythrocytes. Reference to Tables HI and 
IV shows j values for mannitol, sorbitol, and inositol 
to be approximately 1.40 with human erythrocytes 
and 1.30 with rabbit erj’throcytcs. These values 
might be interpreted as shonang 30 to 40% dissocia- 
tion of these polyhydric alcohols, but this would be 
contrait' to the recognized chemical properties of 
such compounds. In solutions of some substances 
erythrocytes lose electrolytes from within the cell, 
thus causing a decrease in the inlcnial osmotic pres- 
sure and a corresponding increase in the resistance to 
henioh-sis. Grosicki and Husa (2) hypothesized 
that such exosmosis from erythrocytes might have 
occurred in the solutions of amino acids and sugars 
they studied Electrolyte loss would cause the cells 
to be in equilibrium ivitli lower concentrations of the 
amino acids and sugars than would othenrise be the 
case, and the t values would bq higher than if no 
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electrolj tc loss had occurred Thus, the fact tliat 
the i \alues for mannitol, sorbitol, and inositol were 
found to be greater than 1 00 might be ascribed to loss 
of electroU tes from n ithm the en throcj tes 

Hober (14) stated that the severe alteration of the 
normal permeabihtv of erj throcj tes caused bj' iso- 
tonic solutions of some nonelectrolj'tes could be 
largelj reduced b\ the addition of small proportions 
of an electrolj te such as sodium chloride Reference 
to Tables III and IV reveals the effects of 0 2% so- 
dium chloride upon the i values of mannitol, sorbi- 
tol, and inositol m rabbit and human blood Using 
rabbit er j throcj tes there appeared to be little differ- 
ence in the 1 values determined m the presence of 
0 2% sodium chloride and the i values determined 
n ith the alcohols alone W ith human ervthrocj tes 

the 1 values seem to be shghtlj' Ion er in the presence 
of 0 2% sodium chloride Hon ever, even after the 

addition of 0 2% sodium chloride, these t values are 
still greater than 1 00 This situation is similar to 
that reported by Grosicki and Husa (2) for the sugars 
the j investigated using rabbit er j'throcy tes , even m 
the presence of 0 2% sodium chloride the i values of 
the sugars remained approximatelj 1 20 Thej' 
stated that the presence of sodium chloride ap- 
parentlj did not correct the abnormal exosmosis 
With mannitol, sorbitol, and inositol the presence of 
of 0 2% sodium chloride apparentlj' also did not al 
ter abnormal exosmosis 

Using human erj throcj tes, Grosicki and Husa (2) 
reported an average i value of 1 17 for dextrose In 
the presence of 0 2% sodium chloride, dextrose gave 
an i value of 0 66 In the present investigation pen- 
taerjthritol alone nas found to have an average t 
value of 0 66 and er\ thritol 0 53, when human ervth- 
rocj tes were employed Such low i values might 
indicate a degree of permeabihtv of the erj throcvtes 
b\ the compounds m question 

Structure and Activity. — The monohydnc alcohols 
investigated iihich contained from one to four car- 
bon atoms did not prevent hemolj sis The difficulty 
in clearlj' relating hemolj'tic effects and chemical 
structure of the straight chain alcohols was noted bv 
Ponder (15) Fuhner and Neubauer (16) reported 
that the hemolj tic action of alcohols increased w ith 
increasing molecular weight Ponder and Hjman 
(17) found that primarj alcohols of three to nine 
carbon atoms showed a logarithmic relationship 
between the number of carbon atoms and the power 
to accelerate the hemoh tic effect of saponin solu 
tions Alcohols containing three or less carbon 
atoms were reported to rapidlj hemolyze dog 
erj throcj tes (18) 

Various isomericallj’ related monohj'dric alcohols 
were included m the present investigation There 
appeared to be little difference between the herao- 
Ijtic effects of n propvl and isopropyl alcohols and 
H-but\l, isobutil, jecbutjl, and tert but\l alcohols 
even in the presence of sodium chloride How e\ er, 
branch chain alcohols were reported bj Seehch and 
Pirquit (19), to possess weaker hemolj'tic effects 
than the corresponding normal alcohols , the results 
in Table II are m accord with this statement, since 
«-but\l alcohol m the presence of 0 6% sodium 
chloride caused 100% hemoh sis at a lower concen 
tration than the branched chain isomers 

Seseral pohhjdric alcohols (ethjlene gljcol, 
1,2-propanediol, glj cerol, and 1,3 butanediol) did not 


show the abilitj' to prevent hemolj sis Further- 
more, m the presence of 0 2% sodium chloride no 
preventive tendencies were found However, in the 
presence of 0 6% sodium chloride no hemolj sis was 
noted 

Jacobs and co workers (20) found that each sue 
cessive hj'droxyl group added to the propane mole 
cule decreased the rate of penetration of ox and rab 
bit erj throcj tes In the diols, the position of the 
hj'droxyl groups seemed important, for penetration 
occurred more rapidlj when these groups were on 
adjacent carbon atoms than when thej w ere located 
at the ends of the molecule In the present investiga- 
tion, there seemed to be no difference in the hemo- 
lytic activities of n propj 1 alcohol, isopropj 1 alcohol, 
1,2 propanediol, and gljcerol when these were used 
alone or in the presence of 0 2% sodium chloride 
However, when 0 6% sodium chloride was einplot ed, 
glycerol and 1,2 propanediol did not cause hemolj'sis, 
w hereas n propj 1 and isoprop jd alcohols caused 
hemolj'sis A similar situation was found m the case 
of the four carbon alcohols investigated None of 
the isomeric butj'l alcohols nor 1,3 butanediol pre 
vented hemolysis w hen used alone or m the presence 
of 0 2% sodium chloride When 0 6% sodium chlo- 
ride was used, 1,3 butanediol did not cause hemolj sis, 
whereas the isomeric butjl alcohols did cause hemol- 
j SIS Erythritol, furthermore, w as found to prevent 
hemolysis, having an t value of approximately 0 55 

It was possible to obtain t values for the five car- 
bon alcohol, pentaerj thritol, and the six carbon al- 
cohols, sorbitol, mannitol, and inositol, indicating 
that these compounds were able to prevent hemoly 
sis Hedin (11) observed that the rate of penetra- 
tion of polyhydnc alcohols decreased jvith the num- 
ber of hjdroxyl groups present Erythritol was re 
ported (18) as causing a slower hemolysis of dog 
erj'throcj tes than alcohols of three or less carbon 
atoms, five- and six carbon alcohols were found to 
hemolj'ze the blood samples very slowlj' 

SUMMARY 

1 The degree of hemolysis of rabbit and 
human erythrocytes in solutions of monohydnc 
and polyhydnc alcohols of varvmg concentration 
was determined quantitatu'elj' and compared 
with that occurring m various concentrations of 
sodium chloride When possible, these data were 
used to calculate van’t Hoff i values 

2 Approximatelj' 100 per cent hemolysis 
occurred, at concentrations calculated to be 
isosmotic, with all of the alcohols investigated 
jvhich had a molecular weight less than that of 
erj'thritol, those of greater molecular weight pre 
vented hemolysis 

3 The alcohols of low'cr molecular weight 
jtere found also to cause complete hemoh sis in 
the presence of 0 2 per cent sodium chloride 
Of these, the monohj'dric alcohols, when present 
in lower concentrations, did not cause hemolj sis 
m the presence of 0 6 per cent sodium chloride, 
in higher concentrations, however, except for 
methj I alcohol, the monohj'dric alcohols caused 
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hemolysis in the presence of 0.6 per cent sodium 
chloride This was true of the normal mono- 
hydric alcohols investigated as well as their 
isomers 

4 The low molecular weight diols and triol 
investigated did not cause hemolysis in the 
presence of 0.6 per cent sodium chloride. 

5. For er}-thritol and pentaeri-thritol i values 
of less than 1.00 were found, possibly indicating a 
degree of permeability of the er 3 -throcytes by 
these compounds. 

6. Mannitol, sorbitol, and inositol showed i 
values of approximately 1.40 with human blood 
and 1 30 with rabbit blood. \^alues for i which 
are greater than 1.00 might be ascribed to a loss 
of electrolytes from within the erythroc)-tes. 

7. It appeared that the phenomena occurring 
at the er}'throc 3 de membrane in the case of al- 
cohols might be influenced bj- molecular weight 
and the number of hj'drox)d groups present, 
t^^hen an increase in molecular weight was due to 
hj'dro.xyl groups, the degree of hemolvsis occur- 
ring seemed to decrease. Polt-hj-dric compounds 
of four or more hydro.\j'l groups and four or more 
carbon atoms prevented hemolysis. Thus, the 
ratio of hydroxyl groups to carbon atoms present 
in the molecule might be important 

8 The results indicated that the i values for 


sodium chloride obtained at 37° were directh- 
comparable with the data obtained at 25° bt- 
previous workers. 
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Isotonic Solutions X* 


The Permeability of Red Corpuscles to Various Local Anesthetics 


By DAVID MARCUSf and WILLIAM J. HUSA 

In the present investigation, the effects of local anesthetics in preventing hemolysis 
of human and rabbit erythrocytes were studied. Employing the hemolytic method, 
van’t Hoff / values were obtained for several local anesthetics. The results indicate 
that these compounds have lower / values than might be e.vpected. The addition of 
0.2 per cent sodium chloride depressed the / values. Hemolytic / values were not 
determinable for the majority of the compounds studied; these compounds caused 
hemolysis even in the presence of 0.6 per cent sodium chloride. 


HE ADV.VNTAGC of applying the hemolytic 
method to the preparation of isotonic so- 
lutions was pointed out by the investigations of 
Uusa and co-workers (1-S) They emphasized 
that the osmotic effect of a substance upon an 
erythrocyte membrane depends not only upon 

•Kccc^^c«^ lime 20. 19“,0 from the CoHckc of Pharmaej. 
Univcrvttv of rionda, G^inc^t illc 

This pnpci IS based in part upon a ilisscrtation presented l>> 
Da\ul Marcus to the Gnduatc Council of the Unisersity of 
rioritla, in partial fulfillment of the requirements for the 
dc^rrec of Doctor of Philosophy 

t I'clUiw of the American I'ountlation ftir Pharmacciiticnl 
Education, lins-pi','! Present adtircss The Squibb Insti- 
tute for Mctlical Keseareh, Nc« Brunswick, N J 


the inimbcr of particles contributed by the solute 
but also upon whether or not they- penetrate the 
membrane or liberate hemoglobin in some other 
manner If the compound under consideration 
docs not exhibit the / value c.xpectcd on the basis 
of the number of ions it is theoretically presumed 
to contribute, then extra deliberation is indicated 
in the preparation of isotonic solutions of the 
substance These observations make it apparent 
that calculation of tonicity, based solely upon 
colligativc properties, may prove to be inaccurate 
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when applied to the preparation of solutions 
isotonic with the blood. 

In the present investigation, an inquiry was 
made into the effects of local anesthetics in pre- 
venting hemolysis of human and rabbit blood. 
An examination of the literature revealed only 
two references (9, 10) relating to the effect of lo- 
cal anesthetics upon the led corpuscle; the ma- 
jority of the compounds studied in this investiga- 
tion had not been previously reported with 
reference to their effect upon erythrocytes. The 
hemohdic i values for several anesthetics were 
determined. Experiments were also conducted 
to determine the effect that the local anesthetics 
have in preventing hemolysis when used in the 
presence of 0.2 per cent sodium chloride. It has 
been previously reported (11) that the addition 
of small proportions of an electrolyte, such as 
sodium chloride, reduces the severe alteration of 
permeability that occurs when erjdhrocytes are 
placed in solutions of some nonelectrolytes. 
Hartman and Husa (4) observed that this is also 
true in solutions of some electrolytes. Deter- 
minations were similarly conducted in the pres- 
ence of 0.6 per cent sodium chloride; the purpose 
of these experiments was to evaluate the effect of 
these compounds upon red corpuscles even when 
the salt concentration was sufficient to prevent 
osmotic hemolysis if no other substance were 
present. 

EXPERIMENTAL 

Collection of Blood. — The blood used in the 
present investigation was obtained in the same 
manner as described previously by Husa and co- 
workers (2, 3). The human blood samples were 
obtained from the veins of the arms of a twenty- 
seven-year-old male. Several experiments were 
carried out employing blood from other donors. 

Preparation of Solutions. — The solutions used in 
this study were prepared in essentially the same 
manner as described by other workers (2,3). 

Quantitative Determination of Per Cent Hemoly- 
sis. — The calculation of heraolj'tic i values has been 
described in detail by Grosicki and Husa and 
Easterly and Husa (2, 3). 

DISCUSSION 

Variability of Blood. — ^A range of concentrations 
of sodium chloride solutions was employed for each 
blood sample. Thus, any differences in fragility 
were compensated for bj' comparison of the degree 
of hemolysis occurring in solutions of the substance 
under investigation with the degree of hemolysis in 
various concentrations of sodium chloride. Dupli- 
cate tubes of all solutions were employed within 
each experiment. Five separate tubes were used 
for each blood sample for the 100% hemolysis read- 
ings; two tubes were placed at the beginning and 
three at the end of the experimental run. For each 


local anesthetic studied experiments were conducted 
using at least two different blood samples of the 
same species. 

Chemicals. — Samples of the local anesthetics 
employed in this investigation were generously 
contributed by their manufacturers: butacaine sul- 
fate, procaine hydrochloride, and pramoxine hydro- 
chloride by Abbott Laboratories; lidocaine hydro- 
chloride bj' Astra Pharmaceutical Products, Inc,; 
dibucaine hj-drochloride by Ciba Pharmaceutical 
Products, Inc. ; C 3 mlomethycaine hj’drochloride and 
piperocaine hj-drochloride b}' Eli Lillj- and Co,; 
diperodon hj’drochloride bj' the Wm. S. Merrell 
Co.; hexylcaine hj’drochloride bj’ Merck Sharp & 
Dohme Research Laboratories; intracaine hydro- 
chloride bj’ Philadelphia Ampoule Labs.; procaine 
isobutj’rate bj’ William H. Rorer, Inc.; benoxinate 
hydrochloride bj’ Smith-Dorsey ; procaine amide 
hj'drochloride bj' E. R. Squibb & Sons; 2-chloropro- 
caine hj’drochloride bj’ Wallace & Tiernan Inc.; 
phenacaine hj’drochloride, 2-propoxj’procaine hj’- 
drochloride, and tetracaine hj’drochloride by Sterl- 
ing- Winthrop Research Institute. 

Results with Procaine Hydrochloride, Procaine 
Isobutyrate, and Procaine Amide Hydrochloride. — 
Procaine hj’drochloride apparentlj’ exhibited some 
osmotic effect in preventing hemolj’sis in human and 
rabbit blood. Hemolytic t values were determinable 
only for 75% hemolysis of human blood and for 
50% and 75% hemolysis of rabbit blood. There are 
two opposing variables. The first is the decrease 
in hemolj’sis due to an increase in the number of 
particles in solution (increasing concentration). 
The second is the increase in hemolysis due to the 
effect of increasing concentration of the compound 
upon the corpuscular membrane. The curve for 
per cent hemolysis versus concentration is therefore 
the composite curve for these two variables. There 
were several instances w’here hemolj’tic i values 
w’ere onlj’ obtainable from 75% or 50% and 75% 
hemolj’sis values (see Tables I and II). This was 
due to the effect of the anesthetic upon the red cell 
membrane in preventing the development of a 
normal sigmoid curve, i.e., a curve from tvhich 25, 
50, and 75% hemolysis values arc obtainable. Pro- 
caine hj’drochloride solutions caused a significant 
proportion of hemolj’sis in the presence of 0.0% 
sodium chloride. Thus the local anesthetic appar- 
entlj’ had an appreciable effect upon the corpuscular 
membrane. The average hemolytic i value for pro- 
caine hj’drochloride, in human blood at 75% hemolj’- 
sis was 0.57; in rabbit blood, at 50% and 75% 
heraolj’sis, the i value was 0.49. 

The presence of 0.2% sodium chloride has been 
reported to restore the normal permeability of eryth- 
rocj’tes in some instances (2, 4, 6, 11). The aver- 
age value of i for procaine hj’drochloride, in the 
presence of 0.2% sodium chloride, was obtainable 
onlj’ for 75% hemolysis of both human and rabbit 
blood; these values were 0.30 and 0.28, re.spectivelj'. 

It has been -eported that the addition of sodium 
chloride to a solution of a nitrogenous basic hydro- 
chloride represses the dissociation of the nitrogen- 
ous base so markedlj’ that it behaves almost like a 
nonelectrolj’te (1’2). The degree of repression of 
dissociation is determined bj’ the basic strength of 
the nitrogenous base Thus the number of osmoti- 
callj’active particles is dependent upon theconcentra- 
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Table I— Values of i For Various Local Anes- 
thetics, Calculated from Concentrations Caus- 
ing 25, 50, AND 75% Hemolysis of Human Eryth- 
rocytes'’ 


Anesthetic 

- — Hemolysis, 

%— 

Aver- 

Hydrochloride 

2o 

50 

75 

age 

Procaine'' 



0.57 

0,57 

Procaine' 



0.30 

0.30 

Procaine amide* 

0.37 

0.44 

0.50 

0,43 

Procaine amide*' ' 


0.27 

0.28 

0.28 

2-Propoxyprocaine 

0,81 

1.27 

1.67 

1.25 

2-Ch!oroprocaine 



1.42 

1.42 

2-Chloroprocaine' 



0.77 

0.77 


° Unless otherwise indicated all i values represent an aver 
age of two blood samples. 

* Average of three blood samples. 

« In presence of 0.2% sodium chloride. 


Table II. — Values of i for Various Local Anes- 
thetics, Calculated from Concentrations Caus- 
ing 25, 50. AND 75% Hemolysis of Rabbit Eryth- 
rocytes” 


Anesthetic 

- — Hemolysis, 

%— 

Aver- 

Hydrochloride 

25 50 

73 

age 

Procaine* 

. , . 0.46 

0.52 

0.49 

Procaine' 


0.28 

0.28 

Procaine amide* 


0.42 

0.42 

Procaine amide' 


0.26 

0.26 

2-Propoxyprocaine 

0.79 0.94 

1. 12 

0.95 

2-Chloroprocaine 


0 68 

0.68 

2-Chloroprocaine' 


0,31 

0,31 


” Unless otherwise indicated all i values represent an aver- 
age of two blood samples. 

b Average of three blood samples, 
r In presence of 0.2% sodium chloride. 

tion of the basic hydrochloride and sodium chloride 
as well as the character of the basic hydrochloride 
fl2). The lower i values obtained in the presence 
of sodium chloride might be ascribed to the repres- 
sion of the dissociation of procaine hj'drochloride 
by the salt. Thomasson (6) investigated the effect 
of 0.2% sodium chloride upon the hcmohMic i 
values of various alkaloids. He found that the 
addition of sodium chloride lowered the i values of 
atropine sulfate, ephcdrine hydrochloride and sul- 
fate, and homatropine methylbromide. 

Procaine isobutyrate failed to show any appreci- 
able prevention of hemolysis at concentrations that 
were calculated to be isosmotic. The difference in 
permeability between procaine hydrochloride and 
procaine isobutyrate may be explained on the basis 
of the pH of these compounds. A 1% solution of 
the hydrocliloride had a pH of 5.23 whereas the iso- 
butyrate had a pH of 7.05. Goyan and Daniels 
(13) presented the equilibria involved in a solution 
of a procaine salt and stated that in general, neutral 
or slightly alkaline solutions favor a high equilib- 
rium concentration of the free base. There have 
been many references to substantiate the premise 
that the free bases of weak electrolytes are able to 
penetrate the cell membrane while the cation can- 
not (l-t-iy). As a consequence, it i^ to be expected 
that the isobutyrate would more easily penetrate 
the red cell than the hydrochloride due to the higher 
concentration of the free base, i. e., procaine iso- 
butyrate would e.vhibit little or no appreciable os- 
motic effect. 

The average licmolytic i value for procaine amide 
in human blood was 0.43 and in rabbit blood, at 75% 


hemolysis, was 0.42. The determinations involving 
human blood provided characteristically sigmoid 
curves; however, the per cent hemolysis could not 
be brought to zero. Instead, the curve indicated 
increased hemolysis at 10% (0.37 ilf) concentration 
of anesthetic. A possible explanation for this phe- 
nomenon would be the increased fragility of the eryth- 
rocytes noted at 10% concentration of anesthetic 
in the presence of 0.6% sodium chloride. Since 
hemolj'sis occurred to some e.Ytent throughout the 
range of concentrations employed, the low i values 
could be attributed to this cause, i.e., the hemolysis 
due to the alteration of the membrane would release 
hemoglobin in addition to that already liberated 
from osmotic hemolysis. Rabbit cells were more 
sensitive to procaine amide and thus 25% and 50% 
hemolysis values were unobtainable. 

The addition of 0.2% sodium chloride to procaine 
amide solutions lowered the hemolytic ? values to 
0.28 in human blood and to 0.26 in rabbit blood. 

Results With 2-Propoxyprocaine, 2-Chloropro- 
caine, and Benoxinate Hydrochlorides. — ^The he- 
molj'tic i values for 2-propoxj’procaine hydrochloride 
were 1.25 in human blood and 0.95 in rabbit blood. 
Determinations were carried out in the presence of 
0.6% sodium chloride and no significant degree of 
hemolysis was noted at the concentrations utilized 
in the calculation of hemolytic ( values. 

The hemolytic i values for 2-chloroprocaine hydro- 
chloride were obtainable only for 75% hemolysis; 
the average value in human blood was 1.42, for 
rabbit blood 0.68. The addition of 0.2% sodium 
chloride reduced these values to 0.77 and 0.31, re- 
spectively. At the concentrations employed in the 
calculations of the i values, in both human and rab- 
bit blood, approximately 50% hemolysis was ob- 
served in the presence of 0.6% sodium chloride. 
These results indicate that 2-chloroprocaiDe had an 
appreciable effect upon the erythrocyte membrane. 
Bodansky (18) reported that the halogen derivatives 
of fatty acids were much more lytic than the acids 
themselves, probably because they were much more 
highly dissociated and more soluble in lipids. Hober 
(19) stated that the introduction of polar groups 
decreased the penetrating capacity of a substance, 
whereas that of nonpolar groups, such as halogens, 
increased the penetrating capacity. The data 
obtained for 2-chloroprocaine apparently does not 
concur with the aforementioned contention that 
halogen substitution increases the penetrating capac- 
ity of a compound; the hemolytic i values for 2- 
chloroprocaine were higher than those of procaine. 
Paradoxically, however, hemolysis occurred at a 
lower concentration in the presence of 0.6% sodium 
chloride in solutions of the chlorine-substituted com- 
pound (see Table HI). This evidence suggests 
that while the halogenated procaine does not pene- 
trate the erythrocyte as readily as does procaine, it 
has a more profound effect upon the membrane. 

Experiments with benoxinate hydrochloride dem- 
onstrated that this compound had no apparent 
effect in preventing heraol.vsis. A concentration of 
0.42% (1.2 X 10~* M) benoxinate hydrochloride 
caused 50% hemolysis of human blood in the pres- 
ence of 0.6% sodium chloride; in rabbit blood, the 
roncentration was 0,16% (4.6 X lO'® j 1/). It is of 
interest to note that 2-propoxyprocaine and ben- 
oxinatc differ in that the latter is a 3-«-butoxypro,. 
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caine. It seems as if the substitution of the pro- 
poxy group with a butoxy group is responsible for 
the vastly greater hemolytic effect of benoxinatc 
hydrochloride. 

A partial explanation for the unusually low hemoly- 
tic i values obtained for procaine, procaine amide, 2- 
propoxyprocaine, and 2-chloroprocaine hydrochlo- 
rides may lie in a consideration of the possible forma- 
tion of micellular aggregates b}- these compounds 
Deb 3 'e (20, 21) reported that substituted quater- 
nar}' ammonium salts and amine hj’drochlorides 
often form micellular aggregates in solution. Ham- 
marlund and Pedersen-Bjergaard (22) indicated 
that solutions of dibucaine (0 07 il/), tetracaine 
(0 13 M), and pramoxine (0 08 M) hydrochlorides 
behaved in a manner suggesting the formation of 
micelles. The formation of such aggregates would 
produce fewer particles in solution than expected 
from the original concentration and would conse- 
quent!}' result in lower t values The addition of 
any substance which would disturb the micellular 
formation by either increasing or decreasing the 
number of particles would alter the osmotic effect; 
0 2% sodium chloride might act in such a manner. 
The formation of micelles by these compounds has 
not been experimentally established; however, the 
substituted procaine compounds are structurally 
similar to tetracaine, are amine hydrochlorides and 
would therefore be expected to behave similarly to 
some extent In any event, this concept would pro- 
vide only a partial explanation for the low i values; 
the data from hemolytic determinations in 0 6% 
sodium chloride indicated that these anesthetics 
caused some hemolysis regardless of osmotic pres- 
sure. 

Results with Esters of Benzoic and Para-amino- 
benzoic Acid in the Presence of 0.5% Sodium Chlo- 
ride. — The anesthetics of this group that were in- 
vestigated were cyclomethycaine, hexylcaine, intra- 
caine, piperocaine, and tetracaine hydrochlorides, 
and butacaine sulfate. Preliminar}' hemolytic 
determinations disclosed that these compounds 
had no apparent effect in inhibiting hemolysis in 
concentrations that were supposedly isotonic ac- 
cording to physicochemical data In compounds 
of this general structure, the alteration or addition 
of groups may produce a profound effect upon their 
properties as regards hemolysis For example, 
piperocaine and cyclomethycaine differ only in the 
presence of a ^-cyclohexyloxy group on the benzoic 
acid moiety of the latter compound. The addition 
of this substituent group is apparently responsible 
for the vastly greater hemolytic properties of cyclo- 
methycaine. The concentrations of local anesthetic 
causing 50% hemolysis of erythrocytes in 0.6% 
sodium chloride is presented in Tables III and IV 
In human blood, the hemol}'tic activity increased 
in the following order: intracaine, piperocaine, hex- 
ylcaine, tetracaine, butacaine, and cycloraethy- 
caine. In rabbit blood the order was the same with 
the exception that hexylcaine precedes piperocaine. 
Cyclomethycaine caused hemolysis at the lowest 
concentration of all the compounds examined 

Results with Anesthetics of Heterogeneous Struc- 
ture in the Presence of 0.6% Sodiinn Chloride.— 
A study was made of diethylaminoethanol, dimcth- 
ylaminoethanol, and dibucaine, diperodon, lido- 
caine, phenacaine, and pramoxine hydrochlorides. 


Table III. — Concentrations of Local Anes- 
thetic Causing 50% Hemolysis of Human 
Erythrocytes in the Presence of 0.6% Sodium 
Chloride" 


Local 



Anesthetic^ 

Molarity 

Per Cent 

Procaine amide 

c 


2-Propoxyprocaine 



Procaine 

3 1 X 10-' 

8 C 

Procaine isobutyrate 

2 0 X 10-' 

6 9 

2-Chloroprocaine 

1 6 X I0-' 

5 1 

Lidocaine 

1 5 X 10-' 

4 2 

Intracaine 

1 1 X 10-' 

3.2 

Piperocaine 

8 5 X 10-" 

2 5 

Hexylcaine 

2 9 X 10-" 

0 87 

Phenacaine 

1 4 X 10-" 

0 49 

Benoxinate 

1 2 X 10-" 

0 42 

Dimethylaminoethanol'' 

1 1 X 10-" 

0 10 

Tetracaine 

9 2 X 10-" 

0 28 

Pramoxine 

6 1 X 10-" 

0.2 

Butacaine sulfate 

5 6 X 10-" 

0 40 

Diethylaminoethanol'' 

4 1 X 10-’ 

0 05 

Diperodon 

2 6 X 10-" 

0 11 

Dibucaine 

1 8 X 10-" 

0 07 

Cyclomethycaine 

5 5 X 10-' 

0 02 


“ Values obtained by interpolation from curves of per 
cent hemolj’Sis versus concentration, values represent average 
of tno blood samples 

& Anesthetic as the hydrochloride unless otherwise indi- 
cated 

« These compounds did not cause 50% hemolysis. 

As the alcohol. 


Table IV. — Concentration of Local Anesthetic 
Causing 50% Hemolysis op Rabbit Erythro- 
cytes IN the Presence of 0.6% Sodium Chloride" 


Local 


Anesthetici* 

Molarity 

Per Cent 

Procaine 

e 


Intracaine 

e 


Procaine isobutyrate 

8 5 X 10-" 

2 8 

Procaine amide 

8 1 X 10-" 

2 2 

2-Propoxyprocaine 

3 9 X 10-" 

1 3 

2- Chloroprocain e 

2 7 X 10-" 

0 83 

Pramoxine 

2 1 X 10-" 

0 69 

Lidocaine 

2 0 X 10-= 

0 53 

Hexylcaine 

1 7 X 10-» 

0 52 

Piperocaine 

9 9 X 10-’ 

0 29 

Phenacaine 

8 8 X 10-= 

0 31 

Benoxinate 

4 6 X 10-" 

0 16 

Tetracaine 

4 4 X 10-" 

0 13 

Dimethylaminoethanol'' 

3 6 X 10-" 

0 03 

Butacaine Sulfate 

3 4 X 10-= 

0 24 

Diperodon 

3 3 X 10-= 

0 14 

Diethylaminoethanol’' 

1 8 X 10-= 

0 02 

Dibucaine 

8 9 X 10-' 

0 034 

Cyclomethycaine 

3 8 X 10-' 

0 015 


° Values obtained by interpolation from curv’es of per cent 
hemolysis versus concentration, values represent average of 
two blood samples 

b Anesthetic as the hydrochloride unless otherwise indi- 
cated 

* These compounds did not cause 50% hemolysis 
As the alcohol. 

These compounds also did not prevent osmotic 
hemolysis in concentrations that were presumably 
isotonic. Several investigators (23, 24) have re- 
ported that procaine was hydrolyzed by serum to 
diethylaminoethanol and p-aminobenzoic acid. 
Dimethylaminoethanol would be the amino alcohol 
resulting from the hydrolysis of tetracaine. The pH 
of these two amino alcohols was 10.1 at the concen- 
tration causing 50% hemolysis in the presence of 
0.6% sodium chloride (see Tables IH and IV). The 
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excessive alkalinity is apparently responsible for the 
hemolytic effect of these compounds. 

The concentrations of dibucaine, diperodon, Hdo- 
caine, phenacaine, and pramoxine hydrochlorides 
causing 50% hemolysis in the presence of sodium 
chloride are listed in Tables III and IV. Hemolytic 
effect increased in the following order; lidocaine, 
phenacaine, pramoxine, diperodon, and dibucaine; 
in rabbit blood the order was pramoxine, lidocaine, 
phenacaine, diperodon, and dibucaine 

The effect of micelle formation by dibucaine, tetra- 
caine, and pramoxine hydrochlorides, described by 
Hammarlund and Pedersen-Bjergaard (22), was 
not reflected in the data obtained in this investiga- 
tion The explanation for this would seem to lie in 
the fact that the concentrations of anesthetic used 
in the hemolytic determinations were considerably 
lower than those described as forming micellular 
aggregates 

Penetration of the Free Base.— -Jacobs (25, 26) 
made the first analysis of the behavior of the am- 
monium salts of weak acids. In this case, both 
anion, and cation can penetrate in the nnioniaed 
form Jacobs came to the conclusion that NHj, 
formed by the hydrolysis, is the form in which 
ammonia penetrates the cell membrane and found 
that in the case of red cells, hemolysis occurred with 
NHi salts of even strong acids This is because red 
cells are normally permeable to anions, so that in 
the case of NH<C1, ammonia penetrates as NHj 
and the chloride as the ion, so that there is no imper- 
meable substance to prevent the red cells from swell- 
ing and bursting. If the local anesthetics may be 
considered as (RjNHlCl, it is possible to make an 
analogy with NH4CI The free base RjN may then 
be considered to enter the cell as does NHi Husa 
and Adams (1) found that NHtCl was hemolytic 
even in the presence of 0 6% sodium chloride 
They concluded that osmotic pressure considera- 
tions alone appear insufficient to explain these 
results; apparently NHtCl brings about the release 
of hemoglobin by some other mechanism, perhaps 
by dissolving some membrane constituent and 
thus altering its permeability This explanation 
may in part explain the hemolytic effects of many of 
the local anesthetics employed in this investigation 

Effect of Cholinesterase Activity. — Several inves- 
tigators have established that a relationship exists 
between the permeability of erythrocytes and cholin- 
esterase activity (27, 28, 29) The consensus seems 
to be that the permeability of red cells would be 
altered by inhibition of cholinesterase in the cell 
membrane It has also been confirmed that local 
anesthetics are inhibitory to cholinesterase; indeed 
procaincstcrase was found to be identical with 
cholinesterase (30-36). A logical assumption would 
be that the local anesthetics influence erythrocyte 
permeability to some extent by the inactivation of 
eholincstcrase Alteration of the cell membrane by 
inhibition of membrane cholinesterase may explain 
the release of hemoglobin from red corpuscles in 
solutions of local anesthetics containing 0 6% sodium 
chloride 


SUMMARY 

1. Hemolj'tic i values have been determined 
for several local anesthetics but were not deter- 
minable for the majority of the compounds in- 
vestigated. 

2. It was found that the addition of 0 2% 
sodium chloride lowered the / values 

3. Most of the local anesthetics studied 
caused hemolysis even in the presence of 0 6% 
sodium chloride. 

4. In compounds of the benzoic and p- 
aniinobenzoic ester type, the alteration or ad- 
dition of groups produced a profound effect upon 
their properties as regards hemolysis 
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A Study of Permeability to Water Vapor of Fats, 
Waxes, and Other Enteric Coating Materials^ 

By TAKERU HIGUCHI and ARMANDO AGUIARf 


Apparent diffusivity and permeability of a variety of materials commonly employed 
to delay drug release from certain dosage forms have been evaluated using the lag 
time method. Several cellulose and glyceryl esters were studied and their permea- 
bility shown to vary with the relative polarity of these compounds The influences of 
such variables as temperature, relative humidity, and compositions of mixtures were 
investigated. Thermal coefficients obtained for glyceryl monostearate suggest that 
the apparent overall heat of activation for permeation is about 8 Kcal./mole. The 
same system exhibits a very high dependency on relative humidity showing propor- 
tionally higher permeability near saturation than at lower values. 


Tnformation relative to resistance toward 
permeation of t^anous packaging and coating 
substances by aqueous vapor is of considerable 
importance to those concerned with formulation 
of pharmaceutical dosages Since moisture pick 
up or loss from drug preparations while in storage 
or on store shelves can often lead to undesirable 
results, materials highly resistant to moisture 
permeation are usually emplojed in pharmaceu- 
tical packaging Many recent container ma- 
terials, such as some plastics, exliibit rather low 
impedance to movement of water vapor Modus 
operaiidi of some enteric and delayed action 
dosage forms, on the other hand, appears to 
depend in part on controlled moisture penetration 
m regulating the rate of release of active medica- 
ments 

Results of investigation of factors which 
influence the relative resistance of various plastics 
and coating materials toward penetration by 
vater vapor are presented in this report A1 
though some new data on permeation of some 
plastics have been obtained, the primary aim of 
this communication is to present new information 
relative to the permeability of various coating and 
enteric materials used with or over compressed 
tablets and related dosage forms to produce de 
la5'ed or sustained action effect The influences 
of composition, temperature, and relative hu 
midity on the apparent dilTusivity of and permea- 
bilitj to water molecules have been investigated 

LAWS GOVERNING PERMEATION PROCESS 

Based on an analogy of heat conduction through 
solid media. Pick, in 1855 was able to propose a 
general law for diffusion The essence of Pick's 
law IS that the driiing force which causes the 
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transfer of a substance from regions of high to 
regions of low concentration is proportional to the 
concentration gradient Kick’s law (1) is com 
monly written as 


Q=-D^l (Eq.l) 

where Q is the flu\ or the amount of material 
crossing a plane of unit area per unit time dc/d\ 
the concentration gradient, D is the diffusion 
coefficient and has the dimensions of cm ^ sec 
In this work Q has been expressed as cc of gas at 
normal temperature and pressure The negative 
sign m Pick’s law indicates that flow is directed 
toward the area of decreasing concentration 

The diffusion coefficient is a measure of the 
amount of material which would diffuse across a 
unit area under a unit concentration gradient 
in unit time The application (2) of Pick's first 
law for diffusion requires the determination of the 
flux Q and the concentration gradient The fact 
that the law specifies conditions of a constant 
concentration gradient implies the establishment of 
asteadj state 

The assumption that D is independent of the 
concentration is not alwajs \alid Por exact 
analysis it becomes necessarj to treat D as a van 
able m deriving an expression for the change of 
concentration with time Treating U as a variable, 
Pick’s second law can be written as 



The concentration of the diffusing substance 
within the surface of a membrane is not .alnajs 
given bj the gas or the vapor pressure of the sub 
stance, for equilibrium at the interface membrane 
gas will not be established in such cases where the 
transition of the gas through the membrane is not 
a rapid process compared with the diffusion In 
such cases an absolute determination of the diffusion 
constant is not possible and one makes use, therefore, 
of the concept of a “quasi stationan stale ’’ In 
the quasi stationarj state neither the concentrations 
themselves nor the concentration gradient is exactlj 
constant (i e , independent of time) 

The most important factor mniicncing the 
solubility of a gas is pressure (4) The quantitative 
connection between solubilitj and pressure is 
gencrallj expressed as Henrv’s la«, which can be 
stated as the cc of gas that will dissolve idcallv in 
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one cc. of film material is proportional to the pres- 
sure of the gas n-ith which it is in equilibrium. If 
c is the cc. of the film material at equilibrium pres- 
sure p then 

c = Sp (Eq. 3) 


where 5 is a proportionality constant generallj' 
called the solubility coefficient or Henry’s law 
constant and commonly defined in these connections 
as the cc. of gas that will dissolve ideally in one 
cc. of the film material when the pressure of the 
gas is one mm. of mercury. 

If h is the thickness of the film the change in 
concentration gradient can be written as 


dx 


c 

I 


(Eq. 4) 


and from Eq. 3 the concentration gradient becomes 

— — 
dx 


sp 

h 


combining Eqs. 1 and 5 and rearranging 

QX b 
P 


-DS 


putting P 


one has 


QXh 

P 


P = -DS 


(Eq. 5) 


(Eq. 6) 


(Eq. 7) 


P may be termed the permeability constant and 
may be defined as the cc. of gas at normal tempera- 
ture and pressure that will pass per second through 
a unit area of the film one mm. thick when there is 
1 cm. of mercury pressure between its faces. 

Consequently the permeability of a film can be 
broken down into two contributing factors (3): 
the difiusion constant, which is a measure of the 
probability that each gas molecule will move in the 
direction of the concentration gradient, and the 
solubility coefficient, which measures the number 
of gas molecules per unit volume which contributes 
to this concentration gradient. The solubility 
coefficient according to Barrer (1) does not include 
the water molecules that are sorbed but only those 
that are ideally dissolved, and consequently this 
may or may not approximate the actual equi- 
librium solubility. 

Anomalies observed in some of the present work, 
especially in the investigation of permeation through 
some of the waxes, arc probably due to strong 
deviations from the assumption of a linear con- 
centration gradient in the barrier phase, arising 
cither from deviations from Henry's law of ideal 
solutions or from strong concentration dependency 
on the part of D. In an ideal steady-stajte con- 
ceiitration distribution across a membrane the 
drop in the concentration should be linear as shown 
in line A of Fig. 1, if the integral form of Fick’s 
law is applicable. The concentration gradient in 
some of the waxes is, however, probably sigmoidal 
in character as shown in line B of Fig. I, the gradient 
drop being smalt for the initial thickness and whicli 
then falls rapidly. 

Henry's law, which can be shown to be a fonn of 



THICKNESS ? 

Fig. 1. — Hypothetical steady state concentration 
distribution across a membrane. A — linear. B — 
sigmoidal. 

the general distribution law or of Raoult's law, is 
based on the ideal behavior of a gas, and any 
departure from ideality, such as those occurring 
with an easily compressible gas such as water 
vapor at low pressure or low temperature, will 
make the application of Henry's law invalid (5). 
Some causes of the departure from ideal behavior of 
a gas such as water vapor can be ascribed to self- 
association of the water molecules to form dimers or 
trimers in the barrier phase and diffusion as such, 
compound formation of the water with the material, 
and ionization of the vapor. 

A suitable method of evaluating permeability, 
diffusivity, and solubility coefficients was developed 
by Barrer (6) based on a mathematical analysis by 
Daynes (7). A membrane of the polymer or other 
material is mounted in a diffusion cell and the 
permeation velocity is determined in the steady 
state as well as the rate at which that state is 
approached. The pressure on the ingoing side of 
the membrane is constant and is always much 
greater than that on the outgoing side. 

The pressure on the outgoing side is plotted as a 
change in pressure vs. time curve. In most cases 
these curves emerge from the abscissa with a very 
small slope which continue over a period of time; 
the curve then gradually bends upwards and 
continues as a long straight line. There is an 
interval before the steady state can be approached 
due to finite diffusion velocity of the vapor within 
the membrane. Provided Fick’s law is valid for 
the transport process, the intercept L made by the 
asymptotic curve on the axis of time is 


bn Cl Cz 

D{Ci-C:) 0 3 


(Eq.8) 


for a membrane of thickness h, where Ci and C- 
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are the concentrations of the solute uithin the m 
going side and outgoing side of the membrane, 
respectiA eh , and Co is the initial uniform concentra- 
tion of solute m the membrane Provided Co 
IS zero and C-> is much less than Ci and also the 
diffusion coefficient is independent of concentration 
of gas in the film, then 


L 


6D 


(Eq 9) 


L IS the lag time, and h is the thickness of the 
membrane in cm Knowing the lag time, the 
diffusion coefficient D can be calculated using Eq 
9 The permeability constant P can be obtained 
from the slope J)(mm )/f(sec ) of the straight line 
using the equation 



(Eq 10) 


where V is the volume into which the gas expands 
after passing through the film, p is the vapor pres 
sure of water in cm of mercury on the high pres- 
sure side of the film, /i is the thickness of the film in 
cm , and a is the area of the film in sq cm Using 
the relation P = US the solubility coefficient S 
can be determined 


EXPERIMENTAL 


Apparatus 

The design of the all glass apparatus used in the 
present study followed essentially that of Doty, 
et al (8) The setup consisted of two similar 
hah es as shown in Fig 2, the left half in the diagram 
forming the high pressure or the water reservoir 
side and the right half the low pressure or the 
detection side The two parts were connected in 
use by means of a standard taper joint (50/50) 
The barrier film was mounted in the male part of 
the joint effectively separating the two sides, 
this is shown in detail in Fig 3 



Fig 2 — A diagram of the diffusion cell 

A McLeod gauge was used to measure the change 
m pressure on the low pressure side With a 
condensable gas such as water Aapor serious errors 
can result from condensation of the \apor on the 
bulb and capillari of the gauge on raising the 
mercun to take a reading To a\oid these errors 
the capillan of the gauge was jacketed with a 
water bath after the procedure of Doti ,etal (8) 

The problem of temperature control during 



measurement was largely solved by placing the 
entire apparatus m a constant temperature room 
The room was held to within ±0 3° of the set 
temperature by use of cooling and heating units 
controlled by a bimetallic sensing device 

Procedure 

Preparation of the films . — Fxlms from Cellulose 
Esters - — Cellulose ester films were cast from tbcir 
solutions These were prepared by dissolving the 
polymer flakes by stirring and shaking overnight m 
solvents suggested by Antoimdes and DeKay (9), 
to make a 10 to 20 % solution by w eight 

Plastic Films — These films were obtained directly 
from the manufacturers and were used as such 
Glyceryl Stearate Films — Films of chromatograpli- 
ically purified (10) gljceryl stearates were made by 
casting on mercurj 

Measurement of Film Thickness. — ^The thickness 
of the plastic and cellulose ester films was measured 
wath a micrometer caliper Twentj five readings 
of the thickness spread out over the surface of the 
film were taken and the average of these was used 
as the effective thickness 

To prevent defacing the wax films, a slightlj 
different procedure was followed m obtaining their 
thickness To insure uniformity of the cast, film 
thicknesses of regions around the center of the 
film were determined with the micrometer caliper 
A disk was then cut off from the center of the film 
and the thickness of the rira of the disk was measured 
with an optical micrometer 

Procedure for Measurement of Permeability. — 
To make a determination, stopcocks B, C, D, and 
F (Fig 2) were full} open mitnllj and stopcock E 
was used to control the initial rate of evacuation to 
prevent rupture of the film After deaerating the 
water in the flask b} altcrmtelj freezing and allow- 
ing to come to room temperature, stopcock B was 
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■shut off. Thu system tvas then evacuated to about 
1 X 10 mm. of mercury pressure and the evacua- 
tion tvas carried on for about tu-enty-four hours to 
remove traces of ivater from the film. After this 
period stopcocks C, D, and E were shut off. 

Before actual permeation measurements were 
‘begun, readings were taken for approximate!}’ an 
hour to make sure that no vapor was being given off 
from the films which would give erroneous results, 
and that the apparatus was not subject to leaks. 

At zero time stopcock B was opened allowing the 
■water vapor from the reservoir to come into contact 
with one face of the film. The change in pressure 
on the other side of the barrier was followed with the 
McLeod gauge. 

RESULTS AND DISCUSSION 
Permeation Through Various Materials 

Permeation Through Cellulose Esters. — Results 
obtained in stud}'ing rates of permeation through 
films formed from cellulose acetate hydrogen phthal- 
ate, cellulose triacetate, cellulose acetate propionate, 
cellulose acetate butyrate, and cellulose acetate 
stearate are shown in Figs. 4, 6, and 6. The perme- 
ability and diffusion coefficients calculated from these 
plots as described above are given in Table I. The 
thickness of the films and some such values reported 
in the literature are also given for comparative pur- 
poses. 

From the data it is evident that as the molecular 
weight of the ester groups in the cellulose or, 
equivalently, the proportion of the aliphatic content 
of the film increases, the permeability and the 
apparent diffusion coefficient calculated from lag 
time decrease markedly. The decrease in the 
former coefficient with increasing aliphatic content 
of the film can be probably ascribed to the decrease 
in the polarity of the film. The dependence of the 
rate of permeation on the polarity of the film arises 



Fig. 4.— Plot showing permeation through cellulose 
acetate hydrogen phthalatc (0.1322 cm. thick). 



Fig. 6. — Plot showing permeation through O — 
cellulose triacetate (0.1521 cm. thick) and C — 
cellulose acetate propionate (0.1626 cm thick). 



Fig. 6. — Plot showing permeation through O — 
cellulose acetate butyrate (0.1666 cm. thick) and 
• — cellulose acetate stearate (0.1631 cm thick). 


from the solubility coefficient 5 of the permeability 
equation. In a more polar film the affinity of the 
water molecules for the barrier phase is greater, 
hence the solubility coefficient will be increased. 
This will increase the rate of permeation to the 
same extent. As the polarity of the film is de- 
creased by the addition of large aliphatic substitu- 
ents, the rate of permeation will, conversely, 
decrease. 
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Much has been written in the literature as 
regards the actual mechanism of passage of water 
through cellulose and cellulose-like materials. 
Waack (12), for instance, has ruled out the pos- 
sibility that the water permeation through these 
materials is a capillary movement, since their 
void volume is extremely small. Doty, et al. 
(8), suggests the existence of very narrow crevices 
and slits between the crystallites of cellulose esters. 
It is thought that the water permeates through these 
slits and bonds with the polar groups available on 
the walls of the crystallites 

However, as is evident from the data obtained in 
this study, the rate of permeation through cellulose 
esters is primarily governed by the availability of 
polar groups. The greater the number of these 
groups other factors notwithstanding, the greater 
the rate of passage of water. 

Permeation Through Plastics. — Data obtained 
from a study of permeation of water vapor through 
Saran A, Koroseal, and polytrifluorochloroethylene 
are presented in Table II and Figs. 7 and 8. Again, 
for comparative purposes, data from the literature 
are included in Table II. 

Examination of data obtained reveals that 
polytrifluorochloroethylene has a permeability co- 
efficient one-tenth that of Saran A and approx- 
imately one-hundredth that of Koroseal. The 
diffusion coefficient of polytrifluorochloroethylene is 
also smaller than that of Saran A and Koroseal. 
This behavior of polytrifluorochloroethylene is of 
some interest. In all these plastics the basic 
structure is a hydrocarbon skeleton and there are 
no hydrophilic substituents or side chains, yet 
polytrifluorochloroethylene has a much lower 
permeability than the other two plastics. 

The lower permeability of polytrifluorochloro- 
ethylene as compared to Saran A and Koroseal, in 
the absence of polar groups in all three plastics. 



Fig 7. — Plot showing permeation through O — 
Koroseal (0.0031 cm. thick) and c— Saran A 
(0.0048 cm. thick). 



Fig. 8.- — Plot showing permeation through polytri- 
fluorochloroethylene. 

can be attributed to more even packing of trifluoro- 
chloroethylene molecules or their extremely non- 
polar character. In a polymer like polyvinylidene 
chloride, chlorine atoms are opposed by hydrogen 
atoms which differ greatly in size, making the 
packing of the molecules uneven. Frey, and others 
(13), have described polytr’fluorocliloroethylene as 
polyvinylidene chloride in which all the hydrogen 
atoms are replaced by the larger fluorine molecules 
thus making the outward contour of the molecule 
more uniform. The uniformity of the molecules 
leads to a better packing of the material preventing 
any cracks, etc., through which the water may flow, 
consequently the rate of permeation through this 
material is extremely slow. 

Permeation Through Glyceryl Waxes. — The per- 
meability coefficient for glyceryl monostcarate was 
determined as 12.9 X 10“® and the diffusion coef- 
ficient was 194 X 10“®. Attempts to determine tlie 
permeability and diffusion coefficients of pure 
glyceryl distearate and tristcaratc failed, as these 
films developed longitudinal cracks during their 
evaluation. 

Comparison of the permeability coefficients of 
glyccrjd monosterarate with those of cellulose 
esters studied again emphasizes the role of polar 
groups in permeation. Cellulose esters being more 
polar in general than glyceryl monostcarate have 
larger permeability coefficients. For example, 
cellulose triacetate has a permeability coefficient 
approximately ten times that of glyceryl monoste- 
arate. 

Dependence on Relative Humidity 

Table HI and Fig, 9 present data obtained on a 
study of variation of vapor pressure and relative 
humidity on the permeability and apparent dif- 
fusion coefficients of glyceryl monostcarate. 

For systems which follow Henry's law and also 
show independence of diffusion coefficient with 
respect to concentrations, experimentally deter- 
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Table I — Permeabilitv and Diffusion Coefficients op Some Cellulose Esiers 



Thickness, 


Obser\ ed 

Literature Values 

jMatenal 

cm 

Z?" X I0» 

Pb X IQS 

V X 10' 

X 10* 

Cellulose acetate hydrogen phthalate 

0 1322 

62 0 

325 



Cellulose triacetate 

0 1521 

53 6 

133 

58 2 


Cellulose acetate propionate 

0 1625 

36 7 

108 


102 0(11) 

Cellulose acetate butyrate 

0 1666 

25 7 

42 


52 0(11) 

Cellulose acetate stearate 

0 1631 

8 5 

10 5 


“ Diffusion coefficient in cm * sec * PermeabiUtj coefficient in cc 

/sec /era */cm Hg/cm 

thick 


Table II — Permeability and Diffusion of Coefficients of Plastics 



Thickness, 

Obser\ ed Values 

Literature Values 

Material 

cm 

£>“ X 10’ Ph X 10> 

D® X 10« 

PS X 10* 

Saran A, polyvinylidene chloride 

0 0048 

0 21 

0 05 

0 125(8) 

0 07(8) 

Koroseal, polyvinyl chloride 

0 0031 

0 12 

/ / 


5 6(8) 

Polytrifluorochloroethylene 

0 0048 

0 02 

0 006 



Diffusion coefficient in cm * sec "1 * Permeability coefficient in cc /sec /cm Vcni Hg/cm thick 


Table III — Effect of Change of Relative Humidity on Glyceryl Monostearate 


Humidity®, % 

Pb X 20S 

X 20> 

Sd X 10^ 

Thickness, cm 

100 

12 9 

194 

6 64 

0 1026 

80 

7 4 

206 

3 59 

0 1021 

52 

5 2 

165 

3 15 

0 1036 

31 

4 4 

145 

3 03 

0 1073 


‘^At245^ t> Parmeabthty coetTiaeat in cc /sec /cm ycm Hff/cm thick ^ Diffustoa coefhcieatia cm ^sec ~i ^Solubil- 
ity coefiicient in cc of gas/cc of film materia! 



Fig 9 — Plot shoeing effect of change of relative 
humidity on permeation through glyceryl mono- 
stearate O — 100% humidity (0 1026 cm thick), 
O— S0% humidity (01021 cm thick), •—52% 
humidity (0 1030 cm thick), ® — .31% humidity 
(0 1073 cm thick) 

mined values of P and D should be independent of 
the partial pressure of the penetrating vapor 
This relationship apparently does not hold for 
glyceryl monostcarate-natcr systems as is evident 
from the data The rate of transfer of nater 
vapor through this material appears to decrease 
much faster than the pressure of nater vapor on 
this high pressure side 

This behavior unfortunately casts some doubt 


as to the absolute validity of the use of the lag time 
method in determining diffusion coefficients m 
these systems It can be shown readily that if the 
permeabjlky coefficients exhibit concentration de- 
pendency, then the diffusion coefficients determined 
in this fashion are only apparent One must be 
concerned, for e\ample, with the obvious tendency 
for materials of this type to bind water mokcules 
which are not kinetically equally available for the 
diffusion process This behavior alone will always 
give much too low a diffusion coefficient when 
calculated from lag time Mathematical relation- 
ships in a similar system have already been de- 
veloped but will be reported elsewhere 

The variation of the diffusion constants with 
change in vapor pressure m glyceryl monostearate 
appears to parallel the findings of Lowry and Koh- 
man ( 14) in their work of solution of w-ater in rubber 
They state, "Tiie solubilitj' of w’ater in rubber at 
vapor pressure below approximateiy 10 mm at 
25° is directly proportional to the first power of the 
pressure At these pressures, then, the solubility 
obeys Henry’s law, but at pressures higher than 
16 mm , the solubility is much greater than the law 
would predict ” 

If a similar situation exists in the gfyceryf mono- 
stearate system, Pick’s linear diffusion law would be 
obeyed m the regions of low relative humidity 
At high relative humidities the high concentration 
of water on the wet side of the membrane would 
result in lower apparent diffusion coefficient than 
would be e\pccted 

Plots of permeability and diffusion coefficients 
vs per cent humidity shown in Fig 10 serve to 
emphasize the arguments presented above As is 
evident from the figure, the apparent diffusion 
coefficient apparently reaches a mavimum at 80% 
humidity and then decreases, instead of increasing 
as expected from theoretical considerations The 
permeability coefficient on the other hand shows a 
greater rate of increase on passing from S0% hu- 
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Fig, 10 — Plot showing variation of permeability 
and apparent diffusivity of glyceryl monostearate 
with change in relative humidity. 


midity to 100%. The apparent reduction at 100% 
relative humidity in the apparent diffusion coef- 
ficient is probably due to a large increase in the 
number of water molecules bound by the wax 
phase. 

Although a similar study on the cellulose esters 
was not carried out. a like situation probably exists. 
Both systems tend to sorb and bind water molecules 
significantly. In such cases diffusion coefficients 
estimated from lag time can only be considered 
apparent. It is presumed that if higher humidity 
was permitted to exist on the low pressure side of 
the barriers, the observed effective permeability 
would have been considerably higher. 

Temperamre Dependence of Permeation 

Barter (1) has conclusively shown that the 
permeation of gases and vapors through a film 
requires an energy of activation to make the mole- 
cules enter the pores and move along the path to 
the other surface. This he has expressed in an 
Arrhenius type of equation 

where P is the permeability constant. Pn is a 
factor, independent of temperature, whieh is pro- 
portional to the number of molecules that are avail- 
able to enter the pore structure and also to the 
probability that a molecule having a sufficient 
energ>' will actually enter this pore. P o may also be 
defined as the permeability constant at absolute 
zero. JSp is the energy of activation for permeation, 
i? is gas constant and T absolute temperature. 

The equation for temperature dependence of 


diffusion is also given by an Arrhenius type of 
equation and can be written as 


D = Doe 


(Eq. 12') 


where D is the diffusion coefficient, Do is a constant 
independent of temperature or the diffusion co- 
>efficient at absolute zero, and Ed is the energy of 
activation for diffusion. 

If P behaves as Eq. 11 and D behaves as Eq. 12, 
and since P = —VS, itisnecessarj'that the solubility 
coefficient 5 exhibit the same functional variation 
■with temperature. Hence it would require that 

5 = 13 ) 


where So is a constant and H is the heat of solution 
of water vapor in the membrane. 

The variation of the diffusion and permeability 
coefficients of glyceryl monostearate with tempera- 
ture is shown in Table IV and Fig. 11. 

The activation energj' for permeation was 


Table IV. — Effect of Temperature Variation 
ON THE Permeability and Apparent Diffusivity 
Through Glyceryl Monostbarate 


Temperature, 

®C. 

D° X 10’ 

P’> X 10* 

Thickness, 

cm. 

16.9 

91.5 

8.9 

0.1047 

24.3 

194 

12.9 

0.1000 

29.5 

333 

16.2 

0.1039 


“ DliTusion coefficient in cm.* sec. 

& Permeability coefficient in cc./stc./cm^/cm. Hg/cra. 
thick. 



TIME (MINUTES) 


Fig. 11.— Plot showing temperature dependence 
of permeation through glyceryl nionostearate. 
O — G. nionostearate (0.1047 cm. thick) at 10.0^. 
C) — G. monostearatc (0.1000 cm. thick) at 24.d . 

0 — G. monostearatc (0.1039 cm. thick) at 29.0 . 
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obtained from the slope of a plot of log of permeation 
vs. the reciprocal of the absolute temperature 
shown in Fig. 12. 

The activation energy of permeation was found 
to be 7,700 cal. /mole and the apparent activation 
energj’ for diffusion was 16,400 cal./mole. By 
difference, the heat of solution was calculated and 
the value obtained was 8,700 calories, a very 
reasonable value. 



permeability vs. the reciprocal of absolute tem- 
perature from which the activation energies were 
calculated. 

Permeation Through Mixtures of Glyceryl 

Stearate and White Wax 

Addition of a relatively impermeable substance 
like white wax to the glyceryl stearates tends to 
enhance their water resistance. This is evident 
from Tables V, VI, and VII, and also from Figs. 
13, 14, and 15, where experimental results obtained 
on the several stearates admixed with white wax 
are presented. 

Decrease of the permeability coefScient of 
glyceryl stearates on progressive increase of con- 
centration of white wax can again be ascribed to 
the decrease in the effective solubility coefficient of 
the permeability equation. The solubility co- 
efficient would decrease since the addition of white 
wax would eliminate some of the active centers 
where the water molecules could bond, i. c., the 
free hydroxyl groups in the glyccridc.s. 

Since glyceryl monostcarate has a higher number 
of these active eenters the rate of the decrease of 
the perincability coefficient would be much greater 
than glyceryl di- or tristcarate. This is borne out 
from a comparison of data in Tables \T, and VII. 

It is apparent from Table \T that the apparent 
diffusion coefficient of glyceryl monostcarate re- 
mains essentially constant with increase of con- 



Fig. 13. — Plot showing permeation through 
glyceryl monostearate adrai.xed with different con- 
centrations of white wax. O — G. monostearate 
10% white wax (0.2172 cm.). C — G. mono- 
stcarate -f 20% white wax (0.2021 cm.). • — 

G. monostearate -f 30% white wax (0.2094 cm.). 
® — O. monostcarate -{- 40% white wax (0.2136 cm.). 



Fig. 14. — Plot showing permeation through 
glyceryl distcarin admixed with various concentra- 
tions of white wax. O—G. distearate -i- 10% 
white wax (0.2031 cm.). O—G. distearate + 20% 
white wax (0.2081 cm.). *—0. distearatc + 30% 

white wax (0.2000 cm.). 

centration of white wax up to 30%, after which it 
drops markedly. This may be due to possible 
formation of a two-phase system by the two compo- 
nents corresponding to that concentration of white 
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Fig. 15 — Plot showing permeation through 
glyceryl tristearate admixed with various concentra- 
tions of white wax O — G. tristearate + 20% white 
wax (0 1089 cm ) o — G tristearate -f- 30% white 
wax (0 1125 cm ) • — G tristearate + 50% white 
wax (0 0993 cm ) 



Fig. 16. — Plots showing extrapolation to zero per 
cent white wax concentration from which approxi- 
mate values of the permeability and apparent 
diffusion coefficients of glyceryl distearate were 
obtained. 

wax necessary to form a more or less continuous 
phase. 

Of some interest is the behavior of the diffusion 
coefficient of glyceryl di- and tristearate on addition 
of increasing concentration of white wax. Tables 
VI and VII indicate that the diffusion coefficient 



Fig. 17. — Plots showing extrapolation to zero 
per cent white wax concentration from which 
approximate values of the permeability and ap- 
parent diffusion coefficients of glyceryl tristearatc 
were obtained. 

falls with the addition of white wax although the 
rate of fall with tristearin is much greater than with 
distearin. 

Approximate values of the permeability and 
apparent diffusion coefficients of glyceryl di- and 
tristearate were obtained by extrapolating plots, 
shown in Figs. 16 and 17, of per cent of white wax 
vs. these constants to zero white wax concentration. 
As mentioned earlier, direet determination of these 
constants was not possible due to the brittleness of 
di- and tristearin. The values obtained are given 
in Table Vni. 


Table V. — Effect of Addition of White Wax 
TO Glyceryl Monostearate 


White 

Thickness. 



Wax, % 

cm 

Z?° X 10’ 

Ph X 10’ 

10 

0 2172 

403 

5 5 

20 

0 2021 

404 

3 5 

30 

0 2094 

405 

2 3 

40 

0 2136 

171 

1.0 

** Di^usion coefficient m cm * 

sec 


Permeability coefiicient in 

cc /sec /cm Vcm 

thick 




Table VI.- 

—Effect of Addition of White Wax 


TO Glyceryl Distearate 


White 

Thickness, 



Wax. % 

cm. 

Z?“ X 10’ 

X 10’ 

10 

0 2031 

159 

2 6 

20 

0 2081 

125 

2.1 

30 

0 2060 

86.4 

1 5 

** DifTusion coefficient in cm * 

sec 


^ Permeability coefficient in 

cc /sec /cm Vcm tiK/cni 

thick 




Table VII. 

— Effect of Addition of White Wax 


to Glyceryl Tristearin 


White 

Thickness, 


ph X 10» 

Wax. % 

cm 

X 10* 

20 

0 1089 

1 

1 

30 

0 1125 

0 97 

0.8.7 

50 

0 0993 

0 78 

0.37 


° Diffusjon coeflicient in cm ^sec . 

fc Permeability coefficient in cc /sec /cm V<^tn. Hc/cm. 
thick 
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Table VIII —Permeability and Diffusion 
Coefficients of Glyceryl Di- and Tristearate 



D« X 10* 

X 10> 

G distearate 

204 

3 21 

G tnstearate 

13 

1 54 


® Diffusion coefficient m cm *sec 

ft Permeability coefficient in cc/sec/cmVm» Hg/cm 
thick 
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Some Physical and Crystallographic Properties 
of the Ouabain Hydrates* 

By JAGDISH TRIVEDI, JOHN W. SHELLf, and JOHN A. BILES 

Different hydrates of ouabain have been isolated. The physical and crystallographic 
properties of the hydrates as well as the X-ray powder diagrams are reported and dis- 
cussed. The solubility of ouabain is reported for two different water-alkanol sys- 
tems. 


^HE EXAMINATION of the available data on the 
-*■ isolation of and the stability of possible h}'- 
drates of ouabain indicates the data to be con- 
fusing There is also confusion e.\isting ivith 
respect to the optical crj'stallographic data of the 
hydrates. Thus, the purpose of this com- 
munication is to clarify the methods for isoiating 
the different hydrates, to report the optical 
crystallographic properties of the hydrates, and 
to record the X-ray powder diffraction data 
The crystallographic properties of ouabain 
liave been reported by Keenan and co-workers 
(i, 2), Shell and Witt (3), and Kofler (4). Kee- 
nan and co-workers reported the isolation of 
three different hydrates of ouabain Ouabain 
iMth 19 2 per cent water was recrystallized from 
hot water; and ouabain containing 1 1 9 per cent 
water was recrj'stallized from 95 per cent ethanol 
The refractive indexes of these hydrates were 
recorded (1) Shell and Witt determined the 
optical cry'stallographic data for ouabain recrj’s- 
talhzed from ethanol 


Kofler reported the isolation of the decahvdrate 
and octahydrate of ouabain when recr5’'stalHzed 
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from a cooled aqueous solution He stated that 
the trihydrate was isolated from hot water or 
when acetone was added to the octahydrate and 
allowed to stand for several hours Siewart (5) 
reported the isolation of the trihydrate of ouabain 
by dissohdng 0 5 Gm of ouabain in 17 cc of 
dioxan and 0 3 cc of water and allowing to stand 
at room temperature for about two days Kofler 
further reported the isolation of the dihydrate 
from acetone, alcohol, and aqueous sodium 
chloride (1 per cent) solution The addition of 
sodium chloride to an alcoholic solution ivas a 
simple means of isolating the dihydrate Kofler 
stated that the ouabain dihydrate ivas unstable in 
an aqueous solution but stable in the dry state 

It was concluded from a stud)”^ of the literature 
that the octahydrate, the trihydrate, and the 
h^^drate from alcohol were stahle^ whereas the 
decahydrate was unstable and the dihydrate was 
stable under certain given conditions The 
melting points of ail the hydrates excepting the 
trihydrate were reported to be 180-185°. Tlie 
trihydrate melted at 240-245°. 

The solubility of ouabain in water was reported 
by Amaud (6) and Richaud (7) Additional 
solubilities are listed in the U S P XV (8) and 
the Merck Index (9). Several workers hai'e re- 
ported ouabain to be stable (10-13) Berry re- 
ported that ouabain was stable over a wide pH 
range (14). 
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EXPERIMENTAL 

Materials —Ouabain, U S P , ethanol, U S P , 
and isopropanol, Is F . v ere used in preparing the 
alkanol water solutions for tile solubihts determi- 
nations Ethanol, U S P , methanol, C P , and 
diosane, C P , were used as crjstalhzing sohents 
Sodium chloride, C P , w as used in crj stalhzation of 
ouabain Karl Fischer reagent was prepared ac- 
cording to XJ S P XV directions 

Apparatus — A Karl Fischer apparatus similar to 
that described in U S P X\ was used to determine 
the water content of some ouabain hjdrates The 
water content of the different phases was also deter- 
mined using an Abderhalden apparatus, charged 
with phosphorus pentoMde The boding solvent 
was bromobenzene, b p 150-155° The solubihtj 
of the ouabain in the different alkanol solvents 
was determined using a rotating wheel apparatus 
which held 20 cc vials The wheel was rotated 
bi a motor and was submerged in a constant 
temperature bath Rotation was continuous for 
eight hours 

Crystallization of the Ouabam Hydrates. — The 
ouabain was placed in the solient for crystalliza- 
tion An excess of ouabain was used, and the sol- 
lent was heated iboie the crystallization tempera 
ture The solution was allowed to cool to the tem- 
perature desired for cr\ stalhzation following filtra 
tion After a sufficient amount of the ouabain had 
crystallized in the container, the heterogenous 
sistem was closed to prevent further evaporation of 
the soh ent The si stem w as allow ed to equilibrate 
for twenty four hours In this manner, ouabain 
was recry stalhzed at 0° and at intervals of 10° from 
20 through 90° The recn stalhzation at elevated 
temperatures w as done in an oven 
Ouabain was recry stalhzed from ethanol by 
saturation of a heated solution and allowed to 
cool Ouabain was allowed to crystallize from 
6% water m dioxane bi heating the solution, 
filtering, and allowing to cool Ouabain was 
cr\ stalhzed from 97% methanol and also from a 
60% ethanol solution containing 1% sodium 
chloride 

Determination of Water Content in the Ouabain 
Hydrates — In the initial determination of per cent 
water in the Indrates, the Karl Fischer method of 
water determination was used Howeier, the 
method required the use of rather large amounts of 
the ouabain Therefore, the loss of w eight of heat- 
ing the htdrates in the Abderhalden apparatus was 
checked against the Karl Fischer method The 
precision was close enough to yustifi the use of 
determination of water content by loss in weight 


The recoieri of ouabiin was greater using the loss 
in weight method 

Optical Crystallographic Properties.— The opUcat 
cn stallographic data w ere determined by means of 
a petrographic microscope A Scopehte (Clai 
Adam Co , N Y ) containing a 25 watt bulb and 
blue filter was used as a light source The method 
of determination of the data was similar to tint 
desenbed by Biles, Witt, and Poe ( 15) 
Photomicrographs —The crystals were mounted 
On the petrographic microscope A Bausch and 
Lomb pliotomicrograpliic camera model L was used 
in obtaining the photomicrographs 
Meltmg Points. — The melting points v ere deter- 
mined using a Kofler melting point block mounted 
on a microscope stage The cry stals were obsen cd 
under 80 X magnification 
X-ray Powder Diagrams —The diameter of the 
camera was such that the mm distance between arcs 
on the film was equivalent to a degree Copper 
radiation, filtered by' nickel, was used A sliding 
scale with an attached vernier was used to iiieTsure 
the distance betw ecn a given pair of arcs 
Solubility Determinations and Assay. — Duplicate 
samples were used in determining the solubility of 
ouabain in ethanol water and isopropanol-watcr 
solutions The percentages w/w of the solutions 
Were determined by specific gravity determinations 
using a Westphal balance, and refractive index deter 
minations using an Abbe refractometcr The \ allies 
were compared with the values reported m the Inter- 
national Critical Tables (1C) 

An excess of ouabain was placed m a 20 cc \nl 
The solvent was added and the vial stoppered with a 
rubber seal Eight vials were placed m a plastic 
wheel The wheel was rotated in a constant tem- 
perature bath for eight hours The vials were re- 
moved and the solution filtered The filtrate 
was rapidly collected and the solution diluted and 
assayed using the U S P XV procedure for assay 
A Beckman model B spectrophotometer was used 
for the colorimetric method of aiialy sis 

RESULTS AND DISCUSSION 

Ouabam Hydrates — Six different hy drates of oua- 
bain were isohted The melting point, water con- 
tent, and the temperature of isolation arc recorded 
in Table I The temperature water composition 
phase diagram for the hydrates isolated from water 
is illustrated in Fig 1 

The nonahydrate was isolated by crystallization 
at temperatures of 0-15° The nonahydrate w is 
not observed when ouabam was erv stalhzed from 


Table I — Boater CovrBxr, M P, aad Temperature of Isolation of the Ouabain HiDRATFS 


Hj drate 

Water 

Calculated % 

Water 

Experimental ° % 

M p ‘’C 

Temperature of 
Isolation ®C 

Ouabam 9H-0 

21 71 

21 93 

190-195 

0-15 

Ouabam 8H-0 

19 78 

20 13 

190-195 

15-28 

Ouabain 4‘/zH"0 

12 18 

12 10 

185-187 

20-30' 

Ouabain 4H-0 

10 98 

11 84‘ 

10 88 

190-195 

20-30'' 

Ouabain 3H-0 

8 46 

8 43 

240-247 

20-30' 

Ouabam 2H-0 

5 80 

6 02 

185-195 

28-90 

Ouabam 



190-195 

1.50' 


° Determined bv loss of neipht of ivater in Abderhalden apparatus at loO® Averaze of duplicate determinations ^ Karl 
Fischer method of determination ' From 9 jcy ethanol d From '17'’o methanol • From dioxane containinB water 

/ Obtained bj heating ouabam recrj stalhzed from ethanol In Abderhalden apparatus at 1 00 ” 
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water at room temperature. This phase evidently 
corresponded to the decahydrate reported by Kofler 
(4). Attempts were not successful in isolating the 
decahj'drate. The octah 3 fdrate was isolated at 
room temperature. The octahydrate and the 
dihydrate existed in equilibrium at 28° in aqueous 
solution. This was repeated several times since 
Schwartze (1) reported isolating the trihj’drate 
from hot water and Kofler (4) stated that the 
trihydrate was the most stable hj'drate in saturated 
aqueous solution at a temperature of about 70°. 
When the dihydrate was isolated from the aqueous 
solution, dried between filter paper, and the 
material subjected to drying in the Abderhalden, 
there was a water loss of 8.12% However, the 
X-raj’ powder patterns for the material dried 
between filter paper and the material subjected to 
drying at 130° were the same. Therefore, it might 
be possible that Schwartze and Kofler considered 
the material isolated at 70° to be the trihs'drate, 
whereas the present investigation indicates that the 
dihydrate contains excess water which is not part of 
the repeat lattice. The dihydrate was isolated from 
aqueous solutions at temperatures of 28° up to 90°. 
Above 90° isotropic resin -like material was isolated. 

Kofler's work was verified with respect to isola- 
tion of ouabain from ethanol. Similar results 
were reported by Schwartze. Water composition 
studies indicated that the crystal contained an 
equivalent of 4.6 moles of water per mole of ouabain. 
When ouabain was crystallized from 97% methanol, 
water loss indicated that the crj’stal contained an 
equivalent of 4 moles of water per mole of ouabain. 
The optical crystallographic properties were very 
similar in all respects except for the principal 
refractive indexes. The X-raj' patterns for these 
powders from ethanol and methanol were the same. 
It was concluded, therefore, that the one-half mole 
of water in the crystals from ethanol was not part 
of the repeat lattice. This extra water may be 
held bj’ entrapment by hydrogen bonding. There- 
fore, it maj' be possible that optical crj’stallographic 
properties can detect solvated phases to which 
X-ray powder patterns are insensitive. 

Optical Crystallographic Data. — The data are 
recorded in Table II. The properties of the hydrate 
from ethanol corresponded to those values recorded 
by Keenan. The properties of the hj-drate from 97% 
methanol were similar to those recorded b}' Shell 
and Witt. The octahydrate was determined to be 
monoclinic with the a- and fl-refractive indexes 
corresponding to the values reported by Keenan. 


However, Keenan reported the octahydrate to be 
tetragonal: the octahj'drate appears to be pseudo- 
tetragonal. Kofler reported the refractive indexes 
of the trihj'drate. His values indicated the crystal 
to be optically negative. On orientation of the 
bisectrix, the trihj’drate was determined to be 
positive. The only point of difference was the 
reported value for the alpha index. The anhj’drous 
form was determined to be isotropic. The refractive 
index corresponded to that reported by Keenan — 
naraelj’ 1.56S. MTien the dihj'drate was subjected 
to drying in the Abderhalden at 150°, the optical 
crystallographic data were redetermined. Some 
data indicated the crj’stals differed from the dilij'- 
drate before drying. X-ray powder patterns of the 
two crystals were the same. 

The crystal habits and sj-stems are very similar 
for most of the hydrates. These data ju.stify the 
statement made by Kofler that on heating, the 
optical properties do not change, Futhermore, 
this explains the failure to notice changes in crystal- 
line phases on the Kofler block and the similarity 
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Fig. 1, — Temperature-water composition phase 
diagram for ouabain hj’drates. 


Table II. — The Optical Crvstallographic Properties op the Hydrates of Ouabain 



Crystal 

Cr>*stal 

Optic 

Optic 

Axial 


Common 

Refractive Indexes 

Hydrate 

Habit 

System 

Orientation® 

SiKn 

Angle® 

Dispersion 

Orientation 

a 

d 

y 

Ouabain ‘OHsO 

Tabular 

Orthorhombic 

XXJJa 


59® 

None 

Bxa, off 

1 502 

I 521 

1.532 




vvjb 




Centered 




Ouabain 'SHiO 

Tabular 

Monoclinic 

XX lib 


38® 

Crossed 











(Bxo) 

Bxa, off 

I 521 

1.525 

3 528 




yvAcss* 




Centered 




Ouabain *41/31150 

Columnar Orthorhombic 

.XX lla.YYijb 

+ 

55® 

None 

Bxo 

1 531 

1 542 

1 SSI 

Ouabain* 4HjO 

Tabular 

Orthorhombic 

XX jja. YYj b 

+ 

33® 

None 

Bxo 

I 533 

1 530 

1 570 

Oviwbtvin* SlliO 

Acicwlar 

Ortborbombic 

Xxila.YYllb 

+ 

74® 

V > T, axial 

Bxo. off 

1 571 

1 58*2 

1 002 








Centered 




Ouabain •2HjO 

Columnar Orthorhombic 

XXila, YYiJb 

"f* 

41® 

V > r, axial 

Bxa, off 

J 557 

1 500 

1.582 








Centered 




Ouabain *211:0^ 

Columnar Orthorhombic 

XX jja. YYljb 


43® 

V > T, axial 

Bxo 

i 550 

1 553 

1 573 


“ 2V, calcul.nltd. i The dihj'drate dried at l.SO'’ for four hours ' Asrignitd according to crj'stal habit. 
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in melting points of the different phases. The 
formation of the anhydrous phase from the trihy- 
drate and dihydrate is least practical using the 
Abderhalden apparatus and a boiling solvent of 
150°. 

X-ray Powder Patterns. — The interplanar spac- 
ings in A. uere calculated and recorded in Table III. 
The three strongest lines observed on the films 
are ranked in order of intensitj^ by 1, 2, and 3. 
Examination of ouabain 4 V 2 H 2 O (from ethanol) 
and ouabain ■4H;0 (from methanol) powder d- 
distances indicate similar lattices The same is 
true for the dihydrate and the dihydrate dried in 
the Abderhalden It has been suggested that the 
X-ray powder patterns are insensitive to some 
solvated phases This suggests water entrapment 
by hydrogen bonding It is thought that proton 
resonance spectra will clarify the differences be- 
tween the optical crystallographic data of the 
In'drates showing the same repeat lattices A 
future communication concerning this problem is 
planned 

Solubility of Ouabain in Alkanol-Water Systems. 
— The solubility of ouabain in ethanol-water solu- 
tions and isopropanol-water solutions at 25° was 
determined and shown in Fig 2 At 25° ouabain 



10 20 30 40 50 GO 70 80 90 100 110 

% w/vp alkanol in HiO 


Fig 2 — Solubility of anhydrous ouabain in 

ethanol-water ( ) and isopropanol-water ( ) 

solutions at 25°. 


was found to be 1.34% soluble in water. The solu- 
bility recorded in The Merck Index is 1 Gm. in 
about 75 ml. of water. The solubility of ouabain in 
95% ethanol is greater than 1% which is reported in 
the Merck Index. The maximum solubility of 
ouabain is 3 51% in 42% w/w ethanol-water and 
2 7% in 38.42% w/w isopropanol-water solutions 

Recent!}’ Moore (17) discussed the relationship 
of maximum solubility in blended solvents and the 
dielectric constant. His work was applied to this 
study. At 25° the dielectric constants for ethanol, 
isopropanol, and water are, respectively, 24 3, 
18 3, and 78 54. Assuming an ideal solution, the 
dielectric constant for a 42% w/w ethanol in water 
is 55.76 and the dielectric constant for a 38 42% 
w/w isopropanol in water is 55 38. This indicates 
that maximum solubility of ouabain in a blended 
solvent occurs when the dielectric constant for that 
solvent is 55 38-55.76. 

SUMMARY 

Six different hydrates of ouabain have been 
isolated. The temperature-water composition 
phase diagram is reported to describe the 
phases. 

The optical crystallographic properties of the 
ouabain hydrates have been determined and com- 
pared with values reported in the literature for 
some of the hydrates. The anhydrous ouabain 
is isotropic. 

The (f-distanccs for the different hydrates were 
determined using powders and using copper ra- 
diation filtered with nickel. The X-ray powder 
patterns for ouabain- 4 V 2 H 2 O (from ethanol) and 
ouabain •4H2O (from methanol) are the same. 
The X-ray powder patterns for ouabain ■ 2H2O 
and the dihydrate which lost 8.12 per cent water 
on drying at 150° for four hours arc the same. 
It is possible that the optical crystallographic 


Table III — The ^-Distances for the Ouabain Hydrates Using Cu K-Alpha Radiation 



Ouabain 2H:0 





Ouabain 

Dried 4 Hr at 

Ouabain 

Ouabain 

Ouabain 

Ouabain 

2HjO 

130®, Abderhalden 

3H:0 

4H:0 


8HiO 

13 80 

13 70 

11 53 

18 39 

14 02 

13 09 

10 21 

10 27 

9 60 

14 24 

11 11 

11 04 

8 93 

9 06 

8 42 

11 04 

9 21 

10 21 

7 86 

7 93 

7 33 

9 16 

7 52 

9 25 

6 68(3) 

6 75(3) 

6 70 

8 26 

6 63(1) 

8 .30(1) 

6 17(2) 

6 19(2) 

6 34(1) 

7 49 

0 17 

7 02 

5 75 

5 80 

5 79 

6 68(1) 

5 90(2) 

6 99 

5 18 

5 17 

5 40 (2) 

6 15 

5 71 

0 73 (2) 

4 87(1) 

4 88(1) 

4 90 

5 90(2) 

5 09(3) 

6 17 

4 38 

4 58 

4 42(3) 

5 50 

4 87 

5 .59 

4 16 

4 37 

3 89 

5 01 (3) 

4 70 

5 10(3) 

3 71 

4 16 

3 63 

4 77 

4 50 

4 82 

3 40 

4 00 

3 45 

4 .50 

4 27 

4 .55 

3 09 

3 85 

3 17 

4 32 

4 05 

4 27 

2 63 

3 73 

4 01 

4 08 

3 73 

4 02 

2.38 

3.40 

2 88 

3 93 

3 52 

3 83 


3 27 

2 79 

3 70 


3 56 


3.08 

2 70 

3 54 


3 42 


2 89 

2 54 

3 42 




2 71 

2 36 

3 26 




2 61 

2 26 

2 07 




2 53 

2 21 

2 92 
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OUABAIN 4HjO OUABAIN 3H,0 OUABAIN OHsO 



OUABAIN 2H!0 


Fig 3 — Photomicrographs showing crystal habits 
of ouabain hydrates, dried at 150“ for four hours 
Ail magnifications X40 


properties distinguish different solvated phases of 
ouabain to which the X-ray powder patterns are 
insensitive The entrapped watei is e\'idently 
not a part of the repeat lattice but held by^ hj'- 
drogen bonding. The entrapped water is held 
tightly since the hydrates are stable at room 
temperature 

Photomicrographs of the ouabain hj'drates are 
shown in Fig 3 The close similarities of the 
phases arc easily demonstrated with the photo- 
micrographs 

The solubility of the ouabain in ethanol-water 
tmd KopTopanol-waVcT solwlious have been le- 
ported It was concluded that ouabain is most 
soluble in blended solvents having a dielectric 
constant of 55.3S-55.70 at 25°. 
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Formation of Complexes By 
NjN'-Dimethyl-diketobenzodiazines 
in Nonaqueous Solutions* 

By AMIN F. HADDADt, BARTLEY J. SCIARRONEj, and TAKERU HIGUCHI 


A study has been made of the complexing behavior in carbon tetrachloride of three 
N,N'-diraethyl-diketobenzodia 2 ines with phenols. 1,3-Dimethylbenzoyleneurea in 
carbon tetrachloride forms insoluble complexes with hydroquinone and resorcinol, 
and a soluble complex with phenol. Catechol, on the other hand, forms, at low con- 
centrations, a soluble complex; and then an insoluble complex starts to form after the 
solubility limit of catechol is reached. 2,3-Diketo-l,4-dimethylquinoxaline in car- 
bon tetrachloride has a tendency to form soluble complexes with resorcinol and 
favors formation of various complexes with catechol and phenol of the soluljle and 
insoluble types. No complexing tendency was observed in the case of hydroqui- 
none. Within the concentration limits of the phenols used, no complex formation 
was observed in the systems containing 2,3-dimethylphthalylhydrazide and catechol, 
resorcinol, or hydroquinone; phenol, however, formed a soluble complex. 


Tn recent years a large number of studies con- 
cerned with complex formation in aqueous 
systems have been reported. Many of these 
studies were designed in an attempt to elucidate 
the nature of the bonding forces responsible for 
complex formation and to determine the chemical 
and physical properties of these so-called mo- 
lecular complexes. 

The nature of these forces, especially in aqueous 
solutions, is still somewhat in doubt. However, 
it is generally believed that the main forces re- 
sponsible for complex formation are basically 
electrostatic in nature and that the particular 
type of the interaction force or forces involved 
may be of various kinds depending on the com- 
ponent entering into the formation of the indi- 
vidual complex molecule 

In explaining complex formation in aqueous 
solutions, Higuchi and Lach (1) pointed out that 
on the basis of electrostatic attraction between 
the interacting groups alone the extent of com- 
plex formation would be extremely small since 
the competing water dipoles are present in such 
high concentration. They believe that the tend- 
ency for complex formation in such a system is 
rendered favorable by the interaction of the hy- 
drophobic, lipophilic portions of the component 
molecules in a manner similar to micelle forma- 
tion. These hydrophobic units are thought to 
be “squeezed out’’ of the water phase by the high 
internal pressure of water leading to a high degree 
of interaction. This is explained b}' the same 
authors, on the basis that the squeezing together 
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of the hj'drocarbon portions of the reactants per- 
mits the water molecules original!}' surrounding 
these units to form additional hydrogen bonds; 
the net effect is an apparent high degree of inter- 
action between the relatively inert hydrocarbon 
groups. 

Earlier works fl-4) indicated that caffeine is 
particularly capable of forming molecular com- 
ple.xes with pharmaceutical acids, esters, salts, 
and certain aromatic and nonaromatic nitrog- 
enous compounds. The comple.xing behavior 
of caffeine has been attributed (4) to the carbonyl 
group activated by the adjacent nitrogen atom. 
Consequently in an attempt to provide a better 
understanding of the intermolecular forces in- 
volved in the formation of molecular comple.xes 
and the structural requirements favoring complex 
formation in aqueous systems, a scries of com- 
pounds having structural similarities to caffeine 
have been chosen and their complexing tendencies 
are being studied (9) in aqueous solutions using 
phenolic substances as the complexing agent. 
Results of these studies will be reported at a 
later date. The present study is concerned with 
the complexing behavior of three of these com- 
pounds in a nonaqueous media in order to elimi- 
nate the pos.sibility of the occurrence of the com- 
petitive reactions, phenol-substrate and water- 
substrate interactions which arc lielieved to exist 
in aqueous systems due to the high polarit}' of 
water. Accordingly carbon tetrachloride has 
been chosen as the nonpolar solvent in the present 
preliminary study. It is hoped that through the 
use of nonpolar solvents, the solule-.solvcnt inter- 
actions might be eliminated, thus permitting a 
better understanding of the intramolecular and 
intermolecular forces existing between the com- 
ponents of a molecular complex formed both in 
aqueous and nonaqueous solutions. 
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EXPERIMENTAL 

Reagents. — Phenol, analytical reagent grade. 
Resorcinol, U. S. P. recrystallized. Hydroquinone, 
photo-purified, Mallinckrodt. Catechol, resub- 
iiined, m. p. 104.5-106.5°. l,3-Dimethylbenzo5’l- 
eneurea ; prepared in the laboratory by the methyla- 
tion of benzoyleneurea with diraethylsulfate in an 
alkaline medium, m. p. 164-166°. Benzoyleneurea 
was prepared by the process of Bogert and Scatchard 

(5) , slightly modified. 2,3-Diketo-l,4-diraethyl- 
quinoxaline : 2,3-diketoquino.vaIine was first prepared 

(6) and then methylated by using diraethylsulfate in 
an alkaline solution (7), m. p. 254-256°. 2,3-Di- 
methylphthalylhydrazide was prepared (S) by the 
condensaffori of pfithaffc anhydride and symmefri- 
cal dimethylhydrazine. m. p. 175-177°. Carbon 
tetrachloride, analytical reagent grade. 

Procedure. — The solubility method was employed 
in determining the e.vtent and nature of possible 
coraple.'; formation in the systems under investiga- 
tion The substrate and the complexing agents, 
except phenol, were accurately weighed in the dry 
state into 10-ml, Kimbie clear-glass ampuls. Ten 
milliliters of carbon tetrachloride were then added. 
In the case of phenol, accurately measured volumes 
of a standard solution were added to the substrate 
and the final volume was made up to 10 ml. by the 
addition of the required volume of carbon tetra- 
chloride. The hermetically sealed ampuls were 
immersed in a constant temperature water bath 
equipped with a rotating bar to which the racks, 
holding ten ampuls each, were fastened. The ampuls 
ivere allowed to equilibrate at 30° for periods rang- 
ing from forty to forty-si.x hours. 

After equilibration the ampuls were opened and 
the required volume of solution was withdrawn by 
means of a volumetric pipet fitted with a piece of 
latex-rubber tubing enclosing a plug of glass wool as 
filter. In the case of 2,3-diketo-l,4-dimcthyl- 
quinoxaline, a layer of glass powder between the two 
glass woo! layers was necessary to filter off the col- 
loidal precipitate. The resulting clear solution was 
suitably diluted with carbon tetrachloride to the 
required volume in volumetric flasks and the final 
dilution analyzed on Model 11 ms Cary recording 
spectrophotometer. In order to eliminate the inter- 
ference of the phenols, which start absorbing at 
about 310 mil wavelength, the absorbance values of 
the substrate were read at 324 ma wavelength. 

RESULTS AND DISCUSSIONS 

IfS-DimethyJhexLTciyiesemes , — The complexing 
tendencies of this compound with catechol, resor- 
cinol, hydroquinone, and phenol were studied in car- 
bon tetrachloride. The results are reported here 
below. 

Catechol. ~T \k interaction between 1,3-dimethyl- 
bcnzoyleneurea and catechol is shown in Fig, i. In 
order to build up the phase diagram five runs were 
c.arricd, c.ach on a different day. The phase dia- 
gram shows that at low citechol concentration a 
straight line relationship is obtained between the 
diincthylbcnzoylencurea and catechol. The in- 
crease in the solubility of the diraethylbenzoylene- 
urea is due to the formation of a soluble complex 
whidi continues until the solubility limit (about 
1.379 X Ul~= moles per liter) of catechol is reached. 



action between 1,3-dimethylbcnzoylencurca and 
catechol in carbon tetrachloride. 

■ Point A in Fig. 1 represents the saturation point of 
the solution with regard to the complex. Further 
addition of catechol results in formation of more 
complex which precipitates from the already satu- 
rated system. The precipitation continues until the 
excess of the dimcthylbenzoyleneurea added to the 
system has been utilized and the solubility curve 
begins to descend at point B. This drop is due to 
the complete consummation of all excess diraethyl- 
benzoyleneurea and subsequent depletion of this 
material in solution. 

The stoichiometric ratio of the components of the 
complex which was formed in the plateau region can 
be calculated from the phase diagram. This is pos- 
sible because the excess of free dimcthylbenzoylene- 
urea found at point A is equivalent to the amount 
being converted to the comple.x during the interval 
between points A and B in Fig. 1. The correspond- 
ing amount of the catechol being converted to the 
complex is equal to that entering into the complex 
during the same interval. 

Calculations; 

Dimethylbcnzoylene- = total dimethylbenzoyl- 
urea content of com- eneurea added to sys- 
plex formed in the tern— dimethylbenzoy- 
platcau region Icneurea in solu- 

tion at point A = 
7,97 X 10-= - 5,22 X 
10-= = 2.75 X 10-= 

Catechol content of = 8.62 X 10“= — 1.45 X 
complex in the same 10“= (read from dia- 
region gram) = 7.17 X 10“= 

Then the stoichiometric _ Dimcthylbenzoyleneurea 
ratio catechol 

2.75 X 10-= 

7.17 X 10-= 

= -i J- 

2.6 5.12 

The above results indicate that, most probably, 
the complex formed is a 2 : 5 complex. According to 
the phase diagram other complexes are possible. 

Resorcinol . — The phase diagram in Fig. 2 indi- 
cates that there is a definite interaction between 1,3- 
dimethylbenzoylencurea and resorcinol. There is a 
very slight initial rise in the curve, which could be 
attributed to experimental error, indicating that the 
complex formed is extremely insoluble in carbon 
tetrachloride, since no significant initial increase in 
the apparent solubility of dimethylbenzoyleneurea is 
observed, in contrast to the dimethylbenzoyleneurea- 
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Fig 2 — Phase solubility plot of 1,3-diniethyl- 
benzoylencurea and resorcinol in carbon tetra- 
chloride. 


catechol system discussed above It is worth men- 
tioning here that resorcinol and hydroquinone are 
extremely insoluble in carbon tetrachloride as com- 
pared to catechol, n-hich is soluble to the e.vtent of 
about 1 379 X 10 moles/L. Phenol is very soluble 
in carbon tetrachloride This difference in the solu- 
bility behavior of these phenols in carbon tetra- 
chloride might explain the difference in the solu- 
bility behavior of the corresponding complexes 
formed. 

The ratio of the components of the complex 
formed in the plateau region can be calculated from 
the plot in Fig 2 This is possible because the 
plateau region represents the amount of resorcinol 
entering into complex formation during this interval 
and the corresponding amount of dimethylbenzoyl- 
eneurea being converted to the complex The 
amount of the latter component is equal to that 
present in the form of free undissolved solid in the 
system at zero resorcinol concentration The sys- 
tem between points A and B is invariant, which 
means that as the dimethylbenzoyleneurea is re- 
moved in the form of insoluble comple.x it is re- 
placed from the excess present in the system. 
When all the excess of dimethylbenzoi-lcncurea is 
used up the dimethjdbenzoyleneurea titer drops as 
shown in the diagram at point B. Therefore, by 
determining the quantities of resorcinol and di- 
methylbenzoyleneurea used in the plateau region, 
the stoichiometry of the complex formed during the 
same interval can be calculated 
Calculations: 

Dimethylbenzoylene- = total dimethylbenzoyl- 
urea content of com- eneurea added to sys- 
plex formed in the tern— dimethylben- 
plateau region zoyleneurea in solu- 

tion at point A = 
6 75 X 10-' -4.17 X 
10-= = 2.58 X 10-= 


Resorcinol content of = 10.035 X 10 -= 
complex during same 
interval 

Then the stoichiometric _ dimethylbenzoyleneurea 
ratio resorcinol 


2 58 X 10~ = 
10.035 X 10-= 


or roughly ^ 


Hydroqttinont . — This compound is extremely in- 
soluble in carbon tetrachloride. The phase dia- 


gram in Fig. 3 shows a weak binding activity between 
hydroquinone and dimethylbenzoyleneurea. From 
the phase diagram it is possible to calculate for the 
ratio of the components of the complex formed in 
the plateau by employing the same procedure de- 
scribed above under the dimethylbenzoyleneiirca- 
resorcinol system. 

Calculation ; 

Dimethylbenzoj'lene- 
urea content of the 

complex formed in 0.84 X 10“= — 

the plateau region 4.05 X 10“= 

Hydroquinone content 3.07 X 10"= 

of complex in the 
same region 

= 2-79 X 10-= ^ 

3.07 X 10-= 1.32 

Phenol . — The influence of phenol on the solubility 
of 1,3-dimethylbenzoyleneurea is shown in Fig. 4. 
The diagram shows that dimethylbenzoyleneurea 
and phenol form a soluble complex in the presence of 
zero to 5 334 X 10-= molar concentration used of 
the latter component. The molecular ratio of the 
complex cannot be calculated. Assuming a 1:1 
stoichiometric ratio the value of the stability con- 
stant of this system is 2.44. 



Fig 3. — Phase solubility plot of 1,3-dinicthyl- 
bcnzoylencurea and hydroquinone in carbon tetra- 
chloride. 
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2,3-Diketo-l,4-diniethylquInoxalme.— Astud 3 ”i\as 
carried out on the possibility of complex formation 
m systems containing 2,3-diketo-l,4-diraeth}'lquin- 
oxaline and catechol, resorcinol, hj'droquinone, and 
phenol The following is a brief discussion of the 
results 

Catechol — It was observed that 2,3-diketo-l,4- 
diraethj'lquinoxaline has a tendency to form with 
catechol several forms of molecular complexes of the 
soluble and the insoluble types No diagram of this 
system is reproduced in the present communication 
Resorcinol — This compound forms a soluble 
complex with 2,3-diketo-l,4-dimethylquinoxaline as 
is shown in Fig. 5 It is significant to note the high 
proportion of resorcinol consumed for everj’^ unit 
rise in the solubility of the quinoxaline compound. 

Hydroqtiinone . — -No complexing tendency was 
observed in the system containing hydroquinone and 

2,3-diketo- 1 ,4-dimeth}’lquino\aline 

Phenol — The phase diagram shown in Fig. 6 
indicates that systems containing phenol and 2,3- 
diketo-l,4'dimethjdquinoxaline favor formation of 
various forms of complexes of the soluble and the 
insoluble types dependent upon the molar concen- 
tration of phenol present in the system. 

2,3-DimethylphthaIylhydrazide. — Within the con- 
centration limits of the phenols used no complex 
formation was observed in the sj'stems containing 



Fig 7 — Phase solubility plot of dimethyl- 
phthalylhydrazide and phenol m carbon tetra- 
chloride. 


2,3-dimethylphthalj'lhydrazide and catechol, resor- 
cinol, and hydroquinone Phenol, however, has a 
tendency^ to form soluble molecular complexes with 
the phthalj’lhydrazide compound as shown in Fig 7 



Fig 5 — Phase solubility plot of diketodiraethjd- 
quinoxaliiic and resorcinol in carbon tetrachlo- 
ride 



molar concn. of phenol X l(? 

Fig. 6. — Phase solubility plot of dikctodimethvl- 
quinoxalinc and phenol in carbon tetrachloride." 


CONCLUSION 

The e.xperimental findings presented above 
show that, of the three, N, N '-dimethyl-diketo- 
benzodiazines studied. 1,3-dimethylbenzoylene- 
urea has the strongest tendency to form com- 
plexes in carbon tetrachloride with catechol, hy- 
droquinone, resorcinol, and phenol 2,3-Diketo- 
1,4-dimethylquinoxaline forms complexes with 
catechol, resorcinol, and phenol but not with hy- 
droquinone On the other hand, 2,3-dimethylph- 
thalylhydrazide forms complexes with phenol, 
but no complexes were obserx'ed with catechol, 
hydroquinone, and resorcinol 

Although the experimental findings of this pre- 
liminary study are insufficient to elucidate the 
nature of the structural relationship and binding 
forces existing between the components of the 
molecular complexes, they do indicate that com- 
plex formations in the systems studied are pos- 
sible in nonaqueous solvents where the competi- 
tive forces manifested by water in aqueous sys- 
tems are absent. 
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Complexes Formed in Aqueous Solutions By 
Sarcosine Anhydride; Interactions With 
Organic Acids, Phenols, and Aromatic Alcohols* 


By JOHN W. POOLEf and TAKERU HIGUCHI 

It has been shown that the interactions between sarcosine anhydride, a cyclic dipep- 
tide, and forty-six organic proton donor compounds result in the formation of both 
soluble and insoluble molecular complexes. The studies illustrate the importance of 
the aromatic and hydrophobic character of the molecule, as well as the nature of the 
polar groups and their positions, on complexing activity. The stoichiometry of a 
large number of insoluble complex species found were determined from analysis of 
phase diagrams and chemical analysis of the solid materials. Apparent stability 
constants were determined for the soluble comple.xes formed in the investigation. 
It is suggested that many biochemical and drug actions are mediated through forma- 
tion of complexes of this type. 


T)RE^^ous INVESTIGATIONS (1-10) have demon- 
-*■ strated the formation of molecular complexes 
in aqueous solutions by the interaction of 
compounds capable of donating protons with 
such agents as caffeine, polyeth}dene glycols, 
polyvinylpyrrolidone, and a series of water- 
soluble amides. The present study is concerned 
with similar complex formation between sar- 
cosine anhydride and various acidic substances 
which were chosen to illustrate the structural 
factors favoring these interactions. The com- 
plexing tendencies of various acids, phenols, and 
alcohols with sarcosine anhydride were observed 
for this purpose by means of solubility studies. 
In addition, where insoluble complexes were 
formed the stoichiometric ratios and melting 
points of these products were determined. 

Ability of sarcosine anhy^dride to form various 
molecular association compounds in aqueous 
solution was thought to be of particular pharma- 
ceutical interest for two reasons. It is, in a 
sense, a dipeptide which maj^ be expected to 
present in aqueous phase a surface crudely 
comparable to that of a protein (enzyme). 
As has been previously' speculated, interactions 
of this type may well mediate drug and biochemical 
reactions. Secondly', because of its amino acid 
origin, sarcosine anhydride may prove to be an 
acceptable nontoxic complexing agent useful in 
modifying solubility and stability' properties of 
certain drugs from a formulation standpoint. 

Specifically, the relative tendency of sarcosine 
anhydride to form molecular complexes with the 
following compounds were determined: ortho-, 
mela-, and para-hyAioxj benzoic acids, benzoic 
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acid, aspirin, or//;o-phthalic acid, 4-aminosali- 
cy'lic acid, 2,4-dihy'dro.xy'benzoic acid, 3,4-diliy'- 
dro.vy'benzoic acid, 2,5-dihy'dro.\ybenzoic acid, 
3,5-dihy'droxybenzoic acid, gallic acid, 8-hy'dro.xy- 
quinoline, gallacetophenone, phloroglucinol, 2,5- 
dihydroxybenzoic acid ethanolamide, 2,3-dihy- 
droxyquinoxaline, ortho-, meta-, and para-ammo- 
phenols, salicylamide, salicyl alcohol, salicyla- 
mine, 1,5-naphthaIenediol, 2,7-naphthalenedioI, 
hydroquinone, 2,6-dihy'droxytolucne, he.\ylre- 
sorcinol, ortho-, mela-, and /jora-xy'ly'lene gly’cols, 
suberic acid, pimelic acid, adipic acid, rutin, 
oxytetracycline, melamine, chloramphenicol, 
quinine hy'drochloride, picric acid, phenobarbilal, 
and L-tyrosinc. 

The purpose of this study' was (a) to observe 
the tendency of sarcosine anhydride to associate 
with proton-donor compounds with the possi- 
bility' of interpreting these data in terms of the 
stereochemical factors favoring complex forma- 
tion; (b) to note whether a compound like 
sarcosine anhy'dride, with little aromatic charac- 
ter, would be capable of entering into any' strong 
specific interactions; and (c) to obtain general 
information useful in the elucidation of the whole 
field of comple.xing. 

EXPERIMENTAL PROCEDURE 

The experimental procedure employed in tlii.s 
study was similar to that described in an earlier 
publication by Higuchi and Lacli (6). Small glass 
vials were used as the reaction vessels witli 10, .5, or 
1 ml. of solvent added, depending on tlie initial 
solubility and/or availability of tlic proton-donor 
substance. A spectrophotometric analysis was 
utilized in a majority of the studies. In the remain- 
ing cases, the interactions were followed by titration 
of the acidic compound. Distilled water was 
employed as the general solvent, however 0.001 A' 
sulfuric acid was used ivith the carboxylic acids to 
suppress any ionization of the acids. A 20% sodium 
chloride solution was utilized with we/a-xylyicne gly- 
col to substantially reduce the initial solubility of 
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this compound When the donor substance was 
especiallj labile to oxidation, 0 1% sodium bisulfite 
« as added to the s 5 stem 

The relationship betueen concentration and vol- 
ume fraction of sarcosine anhjdride was obtained 
from specific gravitj measurements The specific 
gravities of seieral sarcosine anhjdride solutions 
were determined b> the pycnometer method 

All of the compounds emploied m this inxestiga- 
tion iiere of reagent grade or recrystalhzed from 
suitable solvents 

Synthesis of Sarcosine Anhydnde. — Sarcosine 
anhydride, 1,4 dimethyl-1,5 diketopiperazme, iias 
prepared essentially by the method described by 
Bilek, etal (11), for the preparation of N,N'-dieth 5 l- 

2,5 diketopiperazme The ethyl ester of sarcosine 
lias obtained by treating sarcosine hjdrochloride 
iiith absolute ethanol and drj HCl gas The 
resulting ester hjdrochloride iias transformed to 
the free ester by the use of anhj drous ammonia and 
separated bj vacuum distillation The ethjd ester 
of sarcosine was placed m a sealed tube and heated 
for thirtj SIX hours at 180° The product was pun 
fled by recrj stallization from absolute ethj 1 alcohol 
with overall juelds of 30-10% The recrj stalhzed 
compound has m p 145-146°, reported (12) m p 
149° 


RESULTS AND OBSERVATIONS 


General Behavior. — In a majority of the cases a 
straight hue is obtained when the apparent solu- 
bihtj of the acidic compound m water is plotted 
against the amount of sarcosine anhj dride present 
The phase diagrams for the interactions of sarcosine 
anhjdride with the aminobenzoic acids, shown m 
Fig 1 , are typical for this tjpe sj’stcra The prin- 
cipal complex being formed, if we attribute the 
increase in solubility to complex formation, is then 
directlj dependent on the sarcosine anhjdride con 
centration m these ranges Because the concentra 
tion of the free acid substance remains constant, the 
stoichioraetnc ratio of the complexes formed in 
these studies cannot be determined from the phase 
diagrams The onlj requirement for the straight 
line plot IS for the complex formed to be unimolecular 
with respect to the sarcosine anhjdride It is evi- 
dent that if the stoichiometry of these complexes is 
unknown the true stabilitj constants cannot be cal 
ciliated If some stoichionietrj' is assumed, how 
ever, the apparent stabilitv constants can be evalu- 
ated bj use of Eq 1 


(AY{B) 


(Eq 1) 


w here (A„5) is the concentration of complex, (A ) is 
the concentration of free acidic substance, (B) is the 
concentration of free sarcosine anhjdride, and « is 
the number of molecules of acidic substance associ- 
ated w ith each sarcosine anlix dnde molecule The 
details for tins calculation have been shown bv 
Higucin and Zuck m a previous publication (3) 

The stabilitv constants based on the assumption 
of a 1 1 molecular complex were calculated for 
ncarlv all of the sv stems inv estigated to facilitate a 
comparison of the coraplexiiig tciidcncv of sarcosine 
aiiliv dnde w ith simi! ir complexing agents prev louslv 
studied, as well .as to give an mdicition of the order 
of coinplcxiiig aclivitv demonstrated bj the siib 



Fig 1 — Phase diagram show ing the effect of 
sarcosine anhj dnde on the apparent solubi it j of the 
aminobenzoic acids m vv ater at 25° 


stances studied These constants are included in 
Tables I. HI, \ , YI, and VII 

Since the majority of insoluble complexes obtained 
m this investigation had a stoichiometric ratio of 
two acid molecules to one molecule of sarcosine 
anhj dnde, it is reasonable to expect a predominance 
of a 2 1 molecular ratio in the soluble complexes 
formed m solution The stability constants cal- 
culated on this basis appeared to give a more ac- 
curate descnption of the ov erall complexing ability 
of sarcosine anhj dnde The constants determined 
on this basis are also included in the tables prevaouslv 
mentioned Since there is a possibilitv of several 
simultaneous eqmbbria in solution, the nature of the 
interaction cannot be accuratelj' described 

Plateau regions in the phase diagram were found 
with substances which formed more insoluble com- 
plexes This invariant region is a result of the solu- 
tion being saturated with respect to both the com- 
plex and the acidic compound The interaction 
between limited excess of 2,5 dihj droxv benzoic acid 
and sarcosine anhj dnde, for example, results in an 
insoluble complex, which is illustrated bj the phase 
diagram in Fig 2 The stoichiometrj’ of complexes 
of this tj pe can be calculated from the phase dia- 
grams according to the method of Higuchi and Each 
(6) Thus, it can be seen from Fig 2 that the con- 
centration of acid m solution remains constant along 
the line AB At point B all the excess solid acid 
has been precipitated as complex, bej ond this point 

2,5 dihj droxv benzoic acid is being depleted from 
solution The amount of sarcosine anhj dnde repre- 



Fig 2 — Phase diagram showing the effect of 
sarcosine anhjdride on the apparent solubilitj of 

2,5 dibx droxv benzoic acid in water at 25° The 
svstem contained a total of 0 390 mole/L of 2,5 
dihv droxv benzoic acid in and out of solution. 
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Table I — Interaction of \’arious Aromatic Carboxylic Acids With Sarcosine Anhydride at 25° 


Compound 

Ong Solubility, 
Molar Conen X 10" 

(I*ter) (mole) 

(liter) (mole) 

Incrca'ie m 
Solubility 

With a 1 % 
Sarco’une 
Anhydride 

vSoln . % 

/>-Hydroxybenzoic acid 

4 31 

5 4 

54' 

30 

c-Hydroxj'benzoic acid 

1 75 

4 3 

150 

30 

in-Hydroxj'benzoic acid 

5 85 

3 6 

27^ 

21 

/>-Aminobenzoic acid 

4 03 

4 2 

49 

26 

c-Aminobenzoic acid 

3 73 

2 6 

34 

17 

m-Aminobenzoic acid 

5 63 

1 1 

10 

7 

Isonicotinic acid 

4 73 

0 

0 

0 

Benzoic acid 

2 85 

2 9 

50 

19 

Aspirin 

2 27 

3 1 

65 

19 

a-Phthalic acid 

3 90 

2 2 

29 

16 

4-Ammosalicy]ic 

1 00 

5 1 

250 

36 

2.4-Dihydroxybenzoic acid 

3 75 

3 4 

63' 


3,4-Dih5'droxybenzoic acid 

8 92 

9 6 

38/ 


2.5-Dihydroxybenzoic acid 

13 6 




‘l.fi-Dihydroxybenzoic acid 
Gallic acid 

66 0 

7 78 

64 




° Apparent stability constant calculated on a I 1 basis 

f> Apparent stability constant calculated on a 2 1 basis, determined from one point 
Value from downcurve is 51 
Value from downcurve is 25 
' Value from doi^ncurve is 66 
/ Value from downcurve is 40 


sented by the length of the plateau is equal to that 
entering into the insoluble complex during that 
interval The difference between the total 2,5- 
dihydroxybenzoic acid added to the system and that 
found in solution at point A is the corresponding 
amount of acid converted to the insoluble comple-x 

Thus, 

sarcosine anh}'dride = 12 6 X 10 moles/L 
content of complex (from diagram) 

formed in the plateau 
region 

2,5-dihydroxybenzoic = total acid-acid in solu- 
acid content tion at point A 

= 39 0 X 10-2 - 14 X 
10-2 

= 25 0 X 10 "2 moles/L 

Then the stoichio- 25 0 X 10 “2 
metric ratio equals = To~ a v in-s = 20 

2,5-dihydro\ybenzoic l- o X lu 

acid content 

The results indicate that two molecules of acid arc 
associated u ith each molecule of sarcosine anhydride 
In those instances where the descending portion of 
the phase diagram is a straight line extending closely 
to the base line, it is also possible to obtain the 
stoichiometric ratio of the complex in the follom'ng 
manner If the downcurve is extrapolated to zero 
concentration of the acidic substance, then the dif- 
ference betneen the concentration of complexing 
agent at the start of the downcurve and that at the 
extrapolated point, minus the amount of complexing 
agent present as soluble complex, is equal to the 
amount of complexing agent needed to interact with 
the free proton-donor substance in solution There- 
fore, the stoichiometry of the complex can be ob- 
tained by dividing the concentration of the proton- 
donor compound in solution by the concentration of 
complexing agent needed to interact with the donor 
substance in solution It is possible to demonstrate 
this calculation for the interaction described by the 
phase diagram in Fig. 2 


concentration of sarco- = 20 x X 10-2 moles/L. 
sine anhydride at ex- 
trapolated point 

concentration of sarco- = 12 6 X 10-2 moles/L — 
sine anhydride at start sarcosine at extrap- 

of downcurve dated point anhj'- 

dride at start of down- 
curve — sarcosine an- 
hydride present as 
soluble complex 
= 20 2 X 10-2 - 12 6 X 
10-2 

= 76 X 10-2 moles/L 

2,5-dihydroxybenzoic = 14 0 X 10-2 nioles/L. 
acid in solution 

Then the stoichiometric 

ratio equals 2,5-dihy- _ 14.0 X 10-° _ j g 
droxybenzoic acid 7 6 X IO -2 

contcnt/sarcosine an- 
hydride content 

The results indicate that the reaction product is 
probably a two-to-one complex. 

The stoichiometric ratios obtained by analysis of 
the phase diagrams were confirmed by isolation and 
chemical analysis of the insoluble reaction products 
Tables II and IV list the stoichiometric ratios deter- 
mined by the various methods along ivith the melt- 
ing points of the insoluble complexes 

Where the plateau region of the phase diagram is 
preceded by a rise in the curve, as exhibited in the 
interactions of sarcosine anhydride with iiir/n- and 
para-hydroxybenzoic acids shoun in Fig. 4, it is pos- 
sible to obtain the stability of the complex formed 
For interactions of this tj-pe the descending portion 
of the curve ca 1 also be used to determine the sta- 
bility constant by use of Eq 1 in the follow ing 
manner; 

The complex in solution, (A„B), is determined 
from the diflerence between the original solubility of 
the acidic substance and the maximum concentra- 
tion it attains at the pl.ite.iu; (15), the free coniplev- 
ing agent in solution = (total complexing agent 
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Table II — Stoichiometric Ratios and Melting Points of the Insoluble Complexes Formed 
Between Aromatic Carboxylic Acids and Sarcosine Anhydride 




— Molecular Ratio Found of Acid 

Sarcosine AnhTdnde — 
Probable 

Stoichiometric M 
Ratio 


Compound 

Plateau** 

Extrapolation^ 

Cbem Ana! r 

p of Comp! 

«c 

?«-Hydroxybenzoic acid 

1 9-1 


2 2 1 

2 I 

154-156 

F-Hydrox'j'benzoic acid 

2 4 1 


2 4 1 

2 1 

188-190 

2,4-Dihydroxybenzoic acid 

2 1-1 


1 8 1 

2 1 

187-lSS 

2,5-Dihydroxybenzoic acid 

2 0 1 

1 8 1 

1 8 1 

2 1 

1S3-1S4 

3,4-Dih5-droxybenzoic acid 

2 2 1 

2 2 1 

1 9 1 

2 1 

188-192 

3,5-Dihydroxybenzoic acid 

5 9 1 

5 6-1 

6 3 1 

6 1 

212-220 

Gallic acid 

6 0 1 

5 6 1 

5 2 1 

6 1 

210-220 


° Determined from length of plateau 
Determined from extrapolation of the downcurve 
^ Determined from chemical anal3Sis of the insoluble material 

Table III — Interactions of Various Aromatic Alcohols and Phenols With Sarcosine Anhydride 

AT 25“ 



Ong Solubility, 

Ki- (liter) 

K3f> Oite^r) 

Increase m 
Solubility 
Wtha 1% 
Sarcosine 
Anh>dnde 

Compound 

Molar Conen X 10* 

(mole) 

(mole) 

Soln 

8-Hydroxyquinohne 

0 41 

8 2 

1,000 

59 

Gallacetophenone 

3 38 

8 3 

120 

46 

Phloroglucinol 

16 5 

12 

18 

29 

2,5-Dihydroxybenzoic acid ethanolamide 

28 6 

39 

10 

23 

2.3-Dihydroxyqumoxaline 

0 15 

2 5 

800 

18 

o-Ammophenol 

2 96 

2 3 

37 

15 

p-Ammophenol 

5 03 

1 9 

18 

15 

»«-ArainophenoI 

28 5 

5 6 

5 6 

14 

Sahcylamide 

1 82 

3 9 

110 

26 

Sahcyl alcohol 

59 5 


2 9 

13 

Salicylamine 

7 80 

0 8 

4 8 

5 

1.5- Naphthalenediol 

2,7-Naplithalenediol 

Hydroquiiione 

2.6- Dihydro\ytoluene 

Hexylrcsorcinol 

0 15 

2 55 

63 5 

212 

23' 




° Apparent stability constant calculated on a 1 1 basts 
6 Apparent stability constant calculated on a 2 1 basis 
*= Value from downcurve is 22 


added) — (amount jn soluble complex)— (amount 
precipitated as complex on the dmvncurx’e) When 
the stabilit}’ constants were calculated on the basis 
of the stoichiometry found for the insoluble com- 
plexes, the same x’alue for the stability constant was 
obtained from the rising and descending portions of 
the curve The constant xvas not the same on both 
sides of the plateau if a 1 1 ratio xvas assumed when 
the plateau indicated a 2 1 complex to be the true 
stoichiometry Thus, in these cases, it appears 
that the same reaction is responsible for the rising, 
descending, and plateau portions of the phase dia- 
gram Since the 2 1 interaction is the one encoun- 
tered most frequently with the insoluble complexes, 
it seems reasonable to assume that this is the domi- 
nant interaction responsible for many of the soluble 
complexes This is especially true for the difunc- 
tional benzene derh-atives, as they would be analo- 
gous to the vicla- and para-hydrox'ybenzoic acids 
The interactions betucen sarcosine anhydride and 
snhc> 1 alcohol, orthoxylylene glycol, and incfa-xylyl- 
ene gl\ col also give evidence of a 2 1 stoichiometric 
r.itio The slopes of the straight lines obtained in 
these instances are all greater than I, and it is obvi- 
ous tliat there cannot be more sarcosine anhydride 
in the form of the molecular complex tlian has been 
added to the s\ stem 

In many cases, the phase diagrams for the inter- 


actions resulting in the formation of insoluble com- 
plexes exhibit a minimum in the curv'e at high con- 
centrations of the complexing agent No attempt 
has been made to study the interactions responsible 
for this irregularity, although it is believed to be a 
result of the formation of more soluble complexes of 
higher stoichiometric ratios 
The degree of solubilization of the proton-donor 
compounds was found to relate to the volume frac- 
tion of sarcosine anhydride in the system It can 
be readilx' seen from Fig 3 that the volume fraction 



Fig 3 Plot shon ing the relationship of per cent 
volume fraction of sarcosine anhxdride to per cent 
(xx/v) of sarcosine anhydride 
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Table I\’ — Stoichiometric Ratios and Melting Points or the Insoluble Complexes Formed 
Betmeen Aromatic Alcohols and Phenols and Sarcosine Anhtdride 


■Molecular Ratio Eound of Alcohol or Phenol Sarcosine Anhj clritle- 


Compound 

Plateau** 

Extrapolation^ 

Chera Anal ^ 

Probable 
Stotcino M 

metric Ratio 

p of Complex 
“C 

Hy droquinone 

2 21 

1 9 1 

2 0 1 

2 1 

1S4-1S5 

Hexj Iresorcinol 

2,6 Diliy droxj toluene 

2 0 1 

2 6 1 

4 9 1 

2 2 1 

5 1 

2 1 

76-77 

170-171 

1,5 Naphthalenediol 

1 1 1 


1 1 1 

1 1 

214-21Gd 

2,7-NaphthalenedioI 

2 9 1 

2 9 1 

3 0 1 

3 1 

171-181 


** Determined from length of plateau 
* Determined from extrapolation of the downcurve 
•' Determined from chemical analysis of the insoluble material 


T^blf V — Interactions of Xylth-ene Glycols 
W iTH Sarcosine Anhtdride at 25° 



Ong 

Solubilit> 

Molar 


Ajfe 

Increase in 
Sotubitit> 
With a 1 % 
Sarcosine 


Conen 

(liter) 

(liter) 

Anhydride 

Compound 

X 101 

(mole) 

(mole) 

Solo , % 

ni-Xj Ij lene 

gU col 

58 5 


5 2 

17 

0 Nvlj’lene 

gl\ col 

114 


5 9 

11 

p Xjljlene 

glj col 

41 1 

1 4 

0 1 

6 


° Apparent stabtl t> constant calculated on a 1 1 basis 
^ Apparent stability constant calculated on a 2 I basts 


Table AT — Interactions of Aliphatic 
Dicarboxylic Acids With Sarcosine Anhtdride 
AT 25° 


Com 

Ong 

Solubility 

Molar 

Conen 

(liter) 

A'ifr 

(liter) 

Increase in 
Solubility 
With a 1% 
Sarcosine 
Anhydride 

pound 

X lOs 

(mole) 

(mole) 

Soln % 

Suberic 

acid 

0 82 

2 2 

120 

12 

Pimehc 

acid 

28 5 

1 4 

1 9 

9 

Adipic 

acid 

14 8 

0 5 

1 7 

3 


“ Apparent stability constant calculated on a 1 1 basis 
1* Apparent stability constant calculated on a 2 1 basis 


of sarcosine anhjtlride is a straight line function of 
the concentration \yithm the concentration limits 
of the studj Inasmuch as the solubiht 3 curves are 
also straight lines, it follons that the increase in 
solubilitj IS related to the tolume fraction of com- 
plexing agent in the same manner 

The relatn e complexing actn itj taking place in 
these systems can also be compared bj comparing 
the per cent increase in solubilitj of the acid com 
pounds at some definite concentration of complexing 
agent It is interesting, however, to consider first 
the expected increase in solubility if there were no 
greater tendenej for the acidic substance to associate 
with the complexing agent than with the solvent 
water If this w ere the case, formation of a complex 
would result onU from a chance nonspecific contact 

of acid molecules with sarcosine anhydride Ina 1% 

sarcosine anhydride solution where the volume frac 
tion of the complexing agent is 0 OOS there is a rough 
probability of eight chances in a thousand that a 
neighbor of an acid molecule yyould be the complex- 
ing agent Let us assume that such contacting 
pairs are, at the most, a separate species Since 


each acid molecule Ins, very crudelj , ten neighbor 
ing molecules in the solution, this probability is 
increased ten times , and the expected mere ise in 
solubilitj would be roughlj' 8%, at the most, of the 
original solubilitj of the proton-donor substance 
Where the increase in solubilitj is significantlj less 
than this value of 8%, the complex formed maj be 
attributed to a nonspecific solvation effect as op- 
posed to active complexing The latter must arise 
from some driving force, which forms complexes in 
solution, IS substantiallj greater than that predicated 
bj simple statistical expectation, and is obviouslj 
present in those interactions which give increases m 
solubilitj' markedly greater than this caleiilated 
value The per cent increase in the solubility of the 
electrophilic compounds with a 1% sarcosine anhj- 
dnde solution are included in Tables I, III, V, VI, 
and ATI 

Interactions of Sarcosine Anhydride With Various 
Aromatic Carboxyl Acids — This part of the stiidj 
was undertaken to determine the influence of ring 
location on formation of molecular complexes in 
aqueous solution between sarcosine anhydride and 
various isomeric aromatic acids The interactions 
responsible for these complexes would be expected 
because of the electrophilic and nucleophilic intiirc 
of the reactants F urthcr, the effect of various pro- 
ton donating groups on the ability of these acids to 
form complexes was noted 

The results for the interactions between a senes of 
aromatic carboxylic acids and sarcosine anhydride 
are given in Table I The apparent stability con 
stants haxe been evaluated and are listed under the 
columns headed A'l and A'j The v allies listed imdtr 
the heading A"i were calculated on the basis of a one 
to one interaction while those listed under A- were 
determined on the assumption of an interaction 
involving two molecules of the acidic substance and 
one of sarcosine anhydride Although the 2 1 
stoichiometric ratio appears to be the one most frt 
quently encountered m this study , it is difficult to 
use the apparent stability constant calcul itcd on 
this basis as a sole measure of the complexing 
activity taking place m the sj stem The re isoii for 
this IS twofold the complex may be the result of i 
scries of interactions and not neccss irilj the s ime 
m every case, and the compounds studied v iried 
greatly in their original solubilities, and since this 
factor IS squared in the calculation, the Importance 
of these differences is exaggerated The relitive 
ability of these compounds to form complexes with 
sarcosine anhydride, however, can be qualitatively 
characterized bv meaies of the constant calcul ited 
on the assumption of all molecular ratio, or from 
tlie per cent increase in solubility with a 1' r solution 
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Table VII. — Interactions of Various Aromatic Polar Compounds With Sarcosine Anhydride at 25” 


Compound 

Oriff. Solubility 
Molar Conen. X 10* 

Ki^ Giter) (mole) 

K;*' (liter) (ir.ale) 

Increase in 
Solubility 

With a 1% 
Sarcosine 
Anhydride 
Soln.. To 

Rutin 

0.0055 

11.3 

1 X 10' 

91 

Oxytetracycline 

0.04 

2.5 

2.6'iU 

17 

Melamine 

4.20 

2.0 

23 

13 

Chloramphenicol 

1.21 

1.7 

68 

12 

Quinine hydrochloride 

13.3 

1.4 

4.9 

11 

Picric acid 

5.50 

1.5 

13 

10 

Phenobarbital 

0.55 

l.S 

170 

9 

L-Tyrosine 

0.31 

1.4 

220 

T 


° Apparent stability constant calculated on a 1 : 1 basis. 
f> Apparent stability constant calculated on a 2:1 basis. 



Fig. 4. — Phase diagram showing the effect of 
sarcosine anhydride on the apparent solubility of 
the hydroxybenzoic acids in water at 25°. The sys- 
tem contained a total of 0.145 mole/L. of the mcta 
and para isomers in and out of solution. 

of the complexing agent. Although the solubility 
differences also influence the constants evaluated on 
a 1 .1 basis, where the original solubilities are of the 
same magnitude, the effect is minor. Where a 
series of compounds show a wide variance in their 
original solubilities, the per cent increase in solubility 
seems to be the best method of comparing complex- 
ing activity. 

It can be seen from Table I that for the hydroxy- 
benzoic acids the para isomer exhibits the strong- 
est complexing tendency, followed by the ortho and 
victa isomers. The phase diagrams describing these 
interactions are shown in Fig. 4. The apparent 
stability constants for the para and mcta compounds 
were calculated on both sides of the plateau. When 
these constants were determined on the basis of a 1 : 1 
ratio, the values obtained on the ascending and de- 
scending portions of the curve were not the same. If 
the stoichiometric ratio determined for the insoluble 
complex, 2:1, is utilized, however, the values for 
the constants do agree. This would seem to indicate 
a “sandwich” type structure in solution. The re- 
sults for the interaction involving the arainobenzoic 
acids correspond to those for the hydroxybenzoic 
acids in that the order of activity is para > ortho > 
mcta. 

Since in an isomeric series of compounds there is 
a marked difference in the ability of the various 
substances to enter into complex formation, the posi- 
tion of the polar groups, as expected, appears to be 
important ns well as the nature of these groups. 
The most stable complexes involving sarcosine 
anhydride would be expected where the polar mole- 


cule is capable of a two-point attacliment with the 
nucleophilic centers of the complexing agent. The 
molecular models show that this condition is satis- 
fied where the polar groups on a benzene ring are 
para to one another. The results obtained for tJie 
amino and hydroxybenzoic acids agree with this 
observation. The ortho isomers in both instances 
appear to form, however, more stable complexes 
than the mcta. 

It is interesting to note that in eveiy' instance, 
except for the incta-aminobcnzoic acid, the increase 
in solubility with a 1% sarcosine anhydride solution 
was substantially greater than the maximum value 
of 8%, predicted from statistics for nonspecific 
interaction. This indicates a definite specific af- 
finity of these compounds for sarcosine anhydride. 

The binding tendency which aspirin exhibits for 
sarcosine anliydride was found to be of the same 
order as that shown by benzoic acid. This is to be 
expected if the reactions responsible for this tend- 
ency are between the electron-rich groups of the 
anhydride and the electrophilic groups of the acids. 
On this basis, however, the complexing activity of 
eri/m-phthalic acid and ortho and n;e/o-arainobcnzoic 
acids should be greater tlian the observed results in- 
dicate. The only apparent explanation for these 
anomalies is an increase in the solute-solute and so- 
lute-solvent interactions with tliese substances. 

The results obtained for the 4-aminosalicy!ic acid 
interaction gives an indication tliat the complexing 
activity of a multifunctional compound is, verj' 
crudely, the sum of the activities of each of its polar 
groups. If the "per cent increase" values listed in 
Table I are considered, it can be seen that ortho- 
hydro.xybenzoic acid is increased in solubility by 
30%, while benzoic acid only shows a 19% increase. 
Similarly /)ara-aminobenzoic acid has a value 7% 
greater than that for benzoic acid. If tlie complex- 
ing properties were purely additive, the increase in 
solubility expected with 4-aminosalicylic acid would 
be 37%, which agrees very well with the value, 36% 
obtained experimentally. 

The phase diagrams for the dihydroxybenzoic 
acids exhibit plateau regions indicating insoluble 
complex formation. The phase diagrams tor the 
interactions of 2,4- and 3,4-dihydroxybenzoic acids 
with sarcosine anhydride are shown in Figs. 5 and 6, 
respectively. It was possible, in these cases, to 
calculate apparent stability constants for the reac- 
tion products. The other acids in this series, how- 
ever, had no rising portion on the solubility curves, 
which made it impossible to calculate constants 
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Fig 5 — Phase diagram shoiiing the effect of 
sarcosine anhj dnde on the apparent solubility of 
2,4-dih}’dro\ybenzoic acid in water at 25“ The 
sjstem contamed a total of 0 195 mole/L of 2,4- 
dihydro\ybenzoic acid m and out of solution 



Fig 6 — Phase diagram shoning the effect of 
sarcosine anhydride on the apparent solubility of 
3,4-dihydro\ybenzoic acid in nater at 25“ The 
system contained a total of 0 325 mole/L of 3,4- 
dihydroxybenzoic acid in and out of solution 

for the interactions lichen these constants were 
determined on the basis of a 2 1 molecular ratio, 
whicli is the stoichiometry of the insoluble complex, 
there was agreement between the values obtained 
from the ascending and descending portions of the 
curie The only trihydroxybenzoic acid studied, 
gallic acid, also resulted in the formation of an in- 
soluble complex and the phase diagram for this in- 
teraction is shown in Fig 7 There was a small in- 
crease in the solubility of the acid in this case, which 
permitted the calculation of an apparent stability 
constant The value of this constant, 64, deter- 
mined on a 1.1 basis, indicates a strong complexing 
tendency of gallic acid for sarcosine anhjdride 
The constant calculated from the stoichiometry of 
the insoluble complex, 6 1, was 5 5 X 10’ for the up- 
curve and 4 7 X 10’ on the downcurve A 6 1 in- 
teraction, however, would hardly seem likely in the 
solution phase 

Table U lists the aromatic acids which formed 
insoluble complexes w ith sarcosine anhj dride along 
with the melting points and stoichiometric ratios 
of the complexes A stoichiometry of two acid 
molecules to one molecule of sarcosine anhy dride is 
found in the majority of insoluble complexes formed 
in this studi Gallic acid and 3,.5-dihjdroxy ben- 
zoic acid, howeier, form insoluble addition products 
which have six acid molecules associated with each 
molecule of complexing agent The phase diagram 



UOLAR CONC. OF SARCOSINE ANHYDRIDE X 10* 

Fig 7. — Phase diagram showing the effect of 
sarcosine anhydride on the apparent solubilitj of 
gallic acid in w ater at 25“ The system contained a 
total of 0 147 raole/L of gallic acid in and out of 
solution 

for the interaction between 3,5-dihydroxy'benzoic 
acid and sarcosine anhy'dride is presented in Fig S 

The multihydroxybenzoic acids would be expected 
to form stable complexes with sarcosine anhydride 
since in every case, except 3,5-dihydroxybenzoic 
acid, the polar groups are situated so as to be con- 
ducive to a two-point attachment with the nucleo- 
philic centers of the complexing agent If the inter- 
acting molecules are 3 oinod at two points, the 21 
complexes may result from one molecule of acid 
attaching to each side of the anhy'dride molecule 
to form a "sandwich ” It is difficult, however, to 
rationalize higher stoichiometric ratios on tliis basis 
Other reasonable explanations for these complexes 
may' be that the acidic substances exist in solution 
as dimers, trimers, or polymers of the interacting 
species, or that all reaction forms a nucleus which 
then associates with other molecules of the donor 
substance A more detailed investigation of the 
insoluble materials including X-ray diffraction stud 
ICS will be necessary to elucidate the nature of the 
interactions responsible for complexes of this ty pc 

Interactions of Sarcosine Anhydride With a 
Series of Aromatic Alcohols and Phenols. — Table 1 1 1 
lists the aromatic alcohols and phenols studitd, 
along with some of their physical properties and the 
results of their interactions w itli sarcosine anhydride 
The basis for choosing these compounds was to 
demonstrate better the effect of various polar groups 
and their positions on the binding tendencies of the 
parent molecule Since these compounds vary so 
greatly in their original solubilities the per cent in- 
crease in solubility with a 1% sarcosine aniij dride 
solution appears to be the best means of comparing 
their complexing tendencies. 

Sarcosine anhydride and 8-h}droxyquiiiolinc 
appear to interact significantly with a A'l value of 
8 2 as shown in Table III The phase diagram for 
this interaction is illustrated in Fig 9 There are 
two possible explanations to account for this rel i- 
tix ely strong interaction • (a) the amphoteric nature 
of this compound w ould render the 8-liy droxy qiiino 
Iim^^arcosine anhy dride interaction quite fa\ orable 
and (5) the fused ring structure of the compouiid 
with its greater hydrophobic diameter would in 
crease the influence of the "squeezing out" effect 
wiiich has been discussed by Jlisuclii .ind Lach in 
a prci ious publication (4) 

Gallacetophenonc, phloroglucinol, and 2,5 diliy - 
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Fig. 8.— Phase diagram showing the eEfect of 
sarcosine anhydride on the apparent solubility of 
3,5-dihydrQxj-berizoic acid in water at 25° . The sys- 
tem contained a total of O.iSl mole/L. of 3,5-di- 
hydroxj’benzoic acid in and out of solution. 

droxybenzoic acid ethanolamide all showed relatively 
strong binding tendencies as would be e.xpected with 
multihydroxy compounds. The phase diagrams for 
the interactions involr-ing the latter two compounds 
are presented in Fig. 9. The comparatively strong 
complexing activity of 2.3-dihydroxyquinoxaline 
may be attributed to the highly dipolar nature of 
this fused ring compound. 

The order of activity for the aminophenol isomers 
would be expected to be the same as that exhibited 
by the aminobeozoic acids. This was not the case, 
as the orf?!o-aminophenol showed greater activity 
than the para compound which in turn was more ac- 
tive than the mrta isomer. It was interesting to 
note, that for this series of compounds the complex- 
ing activity and solubility seem to be related, i. e., 
the least soluble compound shows the greatest 
activity and the most soluble compound shows the 
least activity. 

The relative binding tendencies of saticylaraide, 
salicyl alcohol, and salicylamine were in the order 
expected. The molecular models show that a two- 
poiut attachment with the electron-rich centers of 
the complexing agent is possible with all three of 
these compounds. The N'-hydrogen of the amide, 
however, would form this association more easily 
than the aliphatic alcohol or amine group. The 
relative inactivity of the salicylamine can be attrib- 
uted to the ease with which intramolecular associ- 
ations can occur in this molecule. The increase in 
solubility, 5% with a 1% sarcosine anhydride solu- 
tion is aiso less than 8%, the maximum expected 
on a nonspecific, statistical basis, indicating the 
relatively weak affinity of this compound for the 
complexing agent. The slope of the solubility 
curve describing the interaction between salicyl 
alcohol and sarcosine anhydride is greater than one. 
Tiicrcforc, it appears that the reaction product has 
more than one molecule of the alcohol associated 
witli each molecule of complexing agent; othenvise 
the results indicate that more sarcosine anhydride 
is present in the form of tlic complex than was added 
to the system. 

The stoichiometric ratios and melting points of 
the insoluble complexes formed between sarcosine 
anhydride and the aromatic hydroxy compounds 
arc listed in Tabic IV. It can he seen from the 
phase diagrams illustrated in Figs, 10 and 11 that 
the 1.5- and2.7-uaphthalcncdiol isomers both formed 



Fig. 9. — Phase diagram showing the effect of 
sarcosine anhydride on the apparent solubility of 
8-hydroxyquinoline, phloroglucinol. and 2,5-di- 
hydroxybenzoic acid ethanolamide in water at 25°. 



Fig. 10. — Phase diagram showing the effect of 
sarcosine anh 3 'dride on the apparent solubility of 
1,5-napbtbalenediol in water at 25°, The sj-stem 
contained 0.156 moIe/L. of 1,5-naphthalenediol in 
and out of solution. 



Fig. 11. — Phase diagram showing the effect of 
sarcosine anhydride on the apparent solubility of 
2,7-n3phthalenedioI in water at 25°. The sj'stem 
contained 0.156 moIe/L. of 2,7-naphthaIenedioI in 
and out of solution. 

insoluble reaction products. In the case of the 
1,5 compound there was an initial rise in the solu- 
bility curx-e which permitted the calculation of an 
apparent stability constant. The stoichiometric 
ratio of the insoluble material was 1:1, consequently, 
the constant was determined on this basis. The 
values obtained from the portions of the curve with 
a positive and negative slope were in agreement 
indicating that the principal reaction occurring is 
of a 1:1 nature. The value of the constant, 23, ‘ 
indicative of a strong binding tendency. A stal 
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complex Mould be expected Mitli this compound in 
MCM of Its fused nng sNstem Mhich would increase 
the influence of the "squeezing out” effect and the 
position of the polar groups which make possible a 
two point attachment with the coraplexing agent 
The 2,7-naplithalenediol resulted in an insoluble 
complex Mith a stoichiometric ratio of 3 1 The 
absence of an initial increase m the solubilitx of the 
compound made it impossible to calculate a stabilitx 
constant for the complex 

The interactions invohing h\ droquinone, 2,6- 
dih\ droxx-toluene and hexj Iresorcinol all resulted 
in the formation of insoluble complexes The phase 
diagram representing the hj droquinone-sarcosme 
anhydride interaction is illustrated in Fig 12 and 
shows that the insoluble complex is precipitated 
immediately A similar solubilitj curxe was ob- 
tained for the 2,6 dihj drox} toluene and sarcosine 
anhxdnde interaction, therefore, the apparent 
stability constants of these reaction products could 
not be determined A phase diagram for the hexjl- 
resorcinol interaction could not be obtained because 
the excess hexj Iresorcinol in the sjstem formed an 
emulsion which made it impossible to obtain a sam- 
ple of the solution for analj sis Bj using an excess 
of sarcosine anhjdnde it was possible, however, to 
precipitate an insoluble complex which was found 
bv chemical analvsis to have a 5 1 stoichiometric 
ratio 

Hv droquinone maj be e,xpected to associate 
strongU with sarcosine anhjdnde because of the 
favorable para relationship of the hjdroxj' groups 
on the benzene ring Whether this is the case is 
difiicult to establish because of the extreme insolu 
bilitj of the complex, evidenced bj the steep slope 
of the descending portion of the phase diagram and 
lack of any detectable initial increase in solubilitj 
w ith this compound 

The varietj of stoichiometric ratios exhibited in 
this studv mav be rationalized on the basis discussed 
prev louslj- for the insoluble products w Inch resulted 
from interactions between aromatic acids and sar- 
cosine anhj dride 

Interactions of Sarcosme Anhydride With the 
Xylylene Glycols. — The xvlvlenc gljcols were stud- 
ied to determine the possible steric effects on inter- 
actions with sarcosine anhjdnde From observ.a- 
tions of the molecular models it would appear that 
the configuration of the ortho and meta isomers arc 



Fig 12 — Phase diagram show mg the effect of 
sarcosine anhv dride on the apparent solubihtv of 
hv droquinone in water at 2o° The svstem con- 
tained 0 727 mole/L of hv droquinone m and out of 
solution 


suited fora two-point attachment with thecoinplcv- 
ing agent It can be seen from Table V, however, 
that the order of complexmg activitv was mc/n > 
ortho > para The reactivity of the meta isomer 
mav be magnified in this study because of the use 
of a 20% sodium chloride solution as the solvent 
which was used to decrease the initial solubihtv of 
this compound This w ould mean that the ratio of 
the volume fraction of s.arcosine anhv dride to the 
volume fraction of water would be greater in this 
sv stem than in the other Therefore, the rclativ cl\ 
strong binding tendency exhibited by the meta 
isomer mav be influenced bj an increase m the non 
specific solv ation effect 

Tile solubility curv cs for both the ortho and meta 
xjlv’lene glvcols h.avc slopes greater than one, indi- 
cating a stoichiometric ratio higher than 1 1 for 
these complexes The para isomer showed a low 
degree of activitv as would be expected for a com 
pound of this type where the steric requirements 
w ere unfav orable and the polar groups are remov cd 
from the aromatic nucleus 

Interactions of Sarcosine Anhydride With Ali- 
phatic Dicarboxylic Acids. — A series of aliphatic di- 
carboxjlic acids were included in the study in order 
to show the influence of an aromatic structure on 
interactions of this tv pe Table VI lists the .icids 
used in this study along with the results of the inter- 
actions and some physical properties of these ali- 
phatic compounds The solubility^ curves for these 
compounds demonstrate the weak interactions be- 
tween sarcosme anhydride and nonaromatic acids 
Since the carboxv groups of pimelic and suberic 
acids are at the proper distance for a two point 
attachment with the sarcosine nnhv'dride molecule, 
It appears, from the weak binding tendencies ex- 
hibited by these compounds, that the presence of 
an aromatic structure is essential for the donor sub- 
stance to show a strong attraction for the complcx- 
mg agent, sarcosine anhydride 

It IS interesting to note tint the complexmg tend- 
encies of these acids appear to be related to the chain 
length of the compounds in that the longer the car- 
bon chain, the greater the tcndeiicv to complex 
This may be due to the increased by drophobic iior- 
tion of the longer chained molecules and its resultant 
influence on the "squeezing out” effect 

The wide diflercnces in the water solubilities of 
these substances may also pi iv an import.mt role 
m the relative reactiv itics of these aliph itie .icids 
For example, the high water solubility of pimehc 
acid would indicate a strong solute solv ent inter- 
action which in turn would decrease the tcndeiicv of 
this compound to form a complex with sarcosme 
anhj dride 

Interactions of Sarcosme Anhydride With Various 
Other Polar Compounds. — A group of iiiiscellaneoiis 
compounds which were included in this study .ire 
listed in Table \ II along with the results of their 
interactions with sarcosine anhydride and some of 
their physical properties 

Solutions of s ircosme anhydride have been used 
to solubilize rutin and similar compounds m sever.il 
commercial preparations iii order to m ike concen- 
trated solutions of these subst inces to be used .is 
inject ibles The results of this studv iiidic ite tli it 
the solubilization of tlie-se subst inccs m iv be tin 
result of molecular complex form ition 

The very strong comiilexing .ictiv it j exhibited by 
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rutin is not unexpected when the aromatic character 
and abundance of phenolic hydroxy groups on the 
molecule are considered. These same factors are 
important in the interaction of oxTtetracycline and 
sarcosine anhydride. The large difference in com- 
plexing activitj' between rutin and oxytetracycline 
can be attributed to the ease with which intramolec- 
ular hydrogen bonds can form in the oxytetracycline 
molecule 

Melamine gave results which were somewhat 
higher than expected in view of the fact that the 
molecule has no carbo.xjdic acid or hydroxj- group. 
These groups appear to have the greatest effect on 
the complexing tendencies of the compounds studied. 

The binding tendency exhibited bj' chloramphen- 
icol fits in nicely with the results obtained with the 
xylylene glycols. In both cases the degree of com- 
plexing can be considered to be influenced by the 
alcohol groups and aromatic nucleus. The quinine 
hydrochloride molecule also resembles these pre- 
viously mentioned alcohols, differing in that it has 
only one hydroxy group but a larger aromatic 
nucleus and greater hj’drophobic character. Thus, 
the degree of complexing activity exhibited by 
quinine hydrochloride is consistent with the results 
obtained for compounds with similar structures. 

The relatively weak interactions between picric 
acid, phenobarbital, and L-tyrosine with sarcosine 
anhydride were not entirely unexpected. In the 
interaction involving picric acid, the presence of the 
nitro groups on the molecule may interfere with the 
ability on the phenolic hydroxy to associate with 
the complexing agent. Wtile in the case of the 
barbituric acid derivative, none of the polar groups 
which appear to be necessary for strong binding 
with sarcosine anhydride are present. The in- 
activity of L-tyrosine can be ascribed to the intra- 
and intermolecular associations which are prevalent 
in this compound. 

DISCUSSION 

The results of this investigation give definite evi- 
dence for the formation of botli soluble and insoluble 
molecular complexes in aqueous solution between 
sarcosine anhydride and various proton-donor com- 
pounds. There is also an indication that the nature 
of the electrophilic groups and their position on the 
molecule influence the degree of complexation. 
Furthermore, the weak binding tendency encoun- 
tered with the aliphatic dicarboxylic acids point out 
the importance of an aromatic system in these inter- 
actions. For a molecule to show optimum com- 
plexing activity with sarcosine anhydride, it appears 
that it should have an aromatic nucleus, one or more 
acid or hydroxy groups attached to the aromatic 
structure, and the electrophilic groups should be in 
the optimum position to make a two-point attach- 


ment with the nucleophilic centers of the comple.\ing 
agent. 

A comparison of the complexing tendencies of the 
acidic compounds indicates that the compounds with 
greater hydrophobic character show greater com- 
plexing activity than the more soluble substances 
This correlation can be attributed to the increased 
influence of the “squeezing out” effect with the less 
soluble materials and thi stronger solute-solvent 
interactions encountered with the more water- 
soluble donor compounds Even with compara- 
tively soluble compounds, howet er, relatively stable 
complexes can be formed if the steric relationships 
are favorable 

The stability' constants for the complexes formed 
with sarcosine anhydride cannot be compared with 
the constants for the xanthine complexes, since with 
the anhydride there is evidence to indicate that 
interactions other than the 1:1 type are occurring 
simultaneously The stability constants obtained 
by Higuchi and Kostenbauder ( 10), however, for the 
complexes formed between a series of water-soluble 
amides such as the IC. K. N", N'-tetramethyl deriv- 
atives of phthalamide, isophthalamide, terephthalam- 
ide, fumaramide, and succinamide; and chloram- 
phenicol, /jflra-hydroxybenzoic acid, and salicylic 
acid are of the same magnitude as the constants ob- 
tained in this study with the same donor compounds 
It would appear reasonable, therefore, to expect the 
same type interactions to be responsible for the com- 
ple.xes with the substituted cyclic amide, sarcosine 
anhydride, as in the case of the previously men- 
tioned water-soluble amides. 

These findings lend further credence to the belief 
that interactions of this nature are important in 
mediating many enzymatic and drug actions Since 
the diketopiperazine structure with its cyclic dipep- 
tide linkage grossly resembles a segment of a protein 
alpha helix, the type of binding e.xperienced for this 
compound is probably representative of those uti- 
lized by the biochemical macromolecules. The 
significant tendency of simple oxide groupings to 
form molecular comple.xes with a large array of 
organic compounds as shown in these studies, it is 
apparent, cannot be ignored in any detailed formula- 
tion of mechanism of tit vivo actions 
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Further Studies on the Effects of Ephedrine in the 

Presence of Cocaine* 

By PHILLIP V. HAMMOND 

It has been demonstrated that cocaine will lessen some of the effects of ephedrine, 
chiefly cardiac output and blood pressure changes. The nature of the finer mech- 
anism of artion of these changes has not been ascertained. Because of the many 
unrelated sites of action it is believed there may possibly be more than one type of 
mechanism of action involved. Diminution of response to cocaine is largely cardiac 
in nature because vasoconstriction and increase in peripheral resistance in the fem- 
oral vascular bed was not marked. This action is chiefly central in origin because 
it cannot be demonstrated on the isolated rabbit heart. This indicates that the 
theory of Gaddum and Kwiatkowski (9) that the action of ephedrine is mediated 
chiefly through the presence of epinephrine^ cannot be demonstrated here, since 
cocaine will potentiate the action of epinephrine on the isolated rabbit heart. It is 
believed that the nature of the antagonism between ephedrine and cocaine is non- 
competitive, e. g., the two drugs combine with different parts of the receptor 

mechanism. 


"PPHEDRINE, an important and useful drug, 
bears many striking pharmacological re- 
semblances to epinephrine; however, there exist 
several significant differences, such as the action 
of the two drugs in vivo in the presence of cocaine. 
We have found, as Tainter (1), Hoick (2), and 
other investigators (3), that some of the effects 
of ephedrine in the cocainized animal are either 
greatly reduced or abolished 
Besides being of academic interest, it was felt 
that a further investigation of this phenomenon 
might cast additional light on the somewhat 
nebulous mechanism of action of ephedrine, and 
possibly elucidate the site or sites of action 
With this in mind, it is the purpose of this paper 
to study the relationship of ephedrine to cocaine 
w’ith special reference to the cardiovascular 
system. 

EXPERIMENTAL 

Pressor Response. — T went j'- four mongrel dogs 
were used throughout the pressor and related ex- 
periments 

In conducting these experiments, an acute mam- 
malian set-up was utilized. The procedure was to 
ascertain the normal blood pressure after the animal 
had become stabilized under pentobarbital sodium 
anesthesia (30 mg /Kg ). Ephedrine 0 3 mg /Kg 
was administered intravenously, this was followed 
b}' cocaine administered subcutaneously in varying 
doses ranging from 4 mg /Kg. to 30 mg /Kg 
.4fter the animal had become cocainized (twelve to 
fifteen minutes) a second dose of ephedrine was 
given This procedure uas repeated three or four 
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times in each e.xpcriment In some of the experi- 
ments the animal was cocainized without a previous 
injection of ephedrine, and after the proper time inter- 
val ephedrine was administered. Pressure responses 
to ephedrine were also obtained from the femoral 
artery. 

By setting up e.\perimcnts in which ephedrine 
was administered at varying time intervals in the 
absence of cocaine it was determined that tachy- 
phylaxis was not a factor in the diminution in 
response to the pressor action of ephedrine. Tachy- 
phylaxis was ruled out when, after a suitable time 
interval, an injection of ephedrine produced the 
same pressor response as the original dose. Electro- 
cardiographic changes were taken with a Sanborn 
Viso-Cardiette using standard limb leads 

Isolated Heart. — The action of ephedrine in the 
presence of cocaine was determined on the isolated 
rabbit heart using the Langendorff and Anderson 
(4) perfusion pump The animal was sacrificed 
The heart was quickly removed and placed into the 
heart chamber Here it was perfused uith an 
oxygenated, modified Ringer’s solution at a constant 
temperature of 37 5°. After the steady amplitude 
and the steady rate of contraction had been deter- 
mined, the two drugs were perfused through the 
preparation at definite intervals Cocaine was 
used in doses ranging from 0 12 mg to 0 2.'5 mg 
and ephedrine was used in doses ranging from 0 1 
mg to I 32 mg 

Action on Vascular Bed. — The action of ephedrine 
on the vascuKar bed in the cocainized animal was 
tested by anesthetizing dogs in the manner pre- 
viously mentioned Five hundred U. S P. units 
of heparin or 250 mg /cc. of mepesulfate' were 
administered Throughout these experiments hep- 
arin, mepesulfate, or pontamine Fast Pink BL 
standard* were given when necessar}' as anticoagu- 
lants Both femoral arteries were isolated and 
cannula ted Blood pressure readings acre taken 
from the right femoral artery, whereas the arterial 
flow into the left vascular bed was measured from the 
left femoral artery by means of a .Shipley and Wilson 
(o) rotameter Changes produced were visual 
Desirable changes were recorded by means of a 


' Hoflmann I.oR<r;Iic— rtirmcrly known n« Trrbiin.n 
* I du Pont dc Nemours and , Inc 
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Sanborn Viso-Cardiette Model 572 M. A 500-cc. 
polyethylene bottle was used in the system as a 
dampening chamber. At the end of the experi- 
ments the rotameter was calibrated using a grad- 
uated cylinder and stop watch. In one experiment 
an eight-channel recorder was used to record aortic 
pressure, volume, and flow. Cocaine in doses 
ranging from lS-22 mg./Kg. was administered 
subcutaneously, whereas ephedrine in doses of 
0.3 mg./Kg. was administered into the system bj- 
injecting it into a plastic chamber attached to a 
magnetic stirrer. A total of six dogs was used. 

Visceral Blood Vessels. — The action of the two 
drugs was tested on visceral blood vessels by means 
of an acute mammalian set-up. The carotid artery 
was isolated and cannulated. The femoral vein 
was isolated and used as a site for the administra- 
tion of ephedrine, whereas cocaine was administered 
subcutaneously. A portion of the small intestine 
was exposed and placed in an oncometer. Readings 
were made by means of kymograph. 

Cardiac Output. — Cardiac output studies were 
continued by means of the radioactive isotope dilu- 
tion method described by MacIntyre (6) and others, 
using iodinated (I’’') human serum albumin. Prior 
to the anesthetization of the dog, Lugol’s solution 
was administered orally in order to prevent the 
thjToid from picking up the radioactive iodine. 
Pentobarbital sodium was used as the anesthetic 
agent. The jugular vein and femoral artery were 
isolated, and connulas and Coumand needles 
were inserted. Iodinated (I'’') human serum 
albumin was employed in doses of 30 to 100 pc. 
The dilution technique employed was to dilute 1 
cc. of radioactive iodinated human serum albumin 
to 5 cc. with normal saline. Of this dilution, 0.1 
cc. was diluted to 10 cc. One cubic centimeter of 
the aliquot was used as a control. The volume of 
the dose was 4.4 cc. The dilution curve was ob- 
tained by plotting the radioactivity of the blood 
flowing over the detector as a function of time. 

Oxygen Uptake. — In an initial attempt to deter- 
mine the mechanism of action of ephedrine in the 
cocainized animal, oxygen uptake studies employ- 
ing the Warburg respirometer were undertaken. 
Male mice weighing 16-18 Gra. (Swiss strain) were 
used in these experiments. Cocaine was adminis- 
tered to the intact animal in doses of 40 mg./Kg, 
and ephedrine in dcses of 2 mg./Kg. (Controls 
were administered approximately the same volume 
of saline as the treated mice.) After sacrificing 
the animals, the livers were rapidly removed and 
placed on ice. One hundred milligrams of sample 
per ce. of homogenate was used. The liver samples 
were homogenized in Tyrode solution to which 1% 
of glucose had been added. The tissues were then 
placed in Warburg flasks which were placed in a 
constant temperature bath of 37°. The flasks 
were equilibrated for ten minutes. Uptake of 
oxygen was inc.isured in ten-minute periods for 
two hours. One dozen animals were used in these 
experiments. 

RESULTS AND DISCUSSION 

Pressor Response. Throughout all of the pressor 
experiments the effects ol ephedrine on the blood 
pressure of the coc;iiiiizcd animal were greatly re- 
duced, As seen in Fig. 1. the diminution in response 
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Fig. 1. — Diminution of pressor response to ephed- 
rine in the cocainized animal. 

to ephedrine was proportional to the dose of cocaine 
employed. For e.xample, doses of 30 mg./Kg. 
of cocaine prevented 60% of the pressor response to 
ephedrine, whereas a dose of 10 mg./Kg. prevented 
57% of the pressor response to ephedrine. 

The response to ephedrine was found to be reduced 
following the administration of cocaine, when com- 
pared to the effects of the same dose of ephedrine 
given either before the injection of cocaine or after 
the effects of cocaine had worn off. 

From the results obtained, the equation for the 
line was found to be K = 61.55 + 0.385A'. The 
standard error of estimate Xy = 14.10 and the cor- 
relation of inde.\ V = .3158. Although the rho 
obtained may be indicative of an immoderate degree 
of correlation, it should be recognized that such 
experiments as those herein described often include 
biological functions which cannot be rigidly con- 
trolled and their combined influence on one or tire 
other of the variables is difficult to determine. It 
is of importance, however, to note that the rho is 
such that it shows a trend toward a positive associa- 
tion between these variables. 

In conducting the studies on tachyphylaxis and 
electrocardiographic changes the results obtained 
confirmed those findings prcviouslj' reported by 
this laboratory (7), c. g., tachyphylaxis may be 
ruled out if sixty -five to sex-enty minutes are per- 
mitted between injections of ephedrine, and, 
nhereas these drags alone and combined produced 
the same significant electrocardiographic changes 
as prcx-iously reported, we could not make any 
definite conclusions from these changes alone. 

Isolated Heart. — The results of 12 experiments 
revealed that the diminution in response to ephed- 
rine cannot be satisfactorily demonstrated on the 
isolated rabbit heart. Both drags increased the 
amplitude and rate of contraction until toxic lex-els 
were reached. In the nonto.\ic doses employed, 
the response to ephedrine was not lessened by 
tlie previous administration of cocaine. 

Vascular Bed. — In Table I, both ephedrine and 
cocaine singularly produced x’asoconstriction in the 
femoral vascular bed and an increase in peripheral 
resistance. The overall action of ephedrine in the 
presence of cocaine on the femoral vascular bed is 
largely additive rather than antagonistic to cocaine. 

Irisceral Blood Vessels. — The results of the test- 
ing of the two drugs on the x’isceral blood vessels, 
e. g., a portion of the small intestine, revealed the 
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Table I — Effects of Ephedrine Cocaine on the Femoral A ascular Bed or the Dog 


Lxi>t 

No 

Do<;e 
Cocaine 
ra;: /Kc 

Normal 

p/r 

R 

Epbcdnnc 
3 mj: /Kjr 
P/r 


Cocaine 

Rp/r 

R 

I phednne and 
Cocaine 

P/r R 

1 

22 

110/35 

3 1 

115/31 25 

3 7 

115/27 

4 3 

95/22 5 

1 2 

2 

22 

110/35 

3 1 

115/31 25 

3 7 

86/32 5 

2 5 

89/20 3 

3 4 

3 

20 

110/15 

7 3 

122/6 25 

19 5 

110/3 75 

29 3 

107/3 75 

28 b 

4 

20 

11, 15 

93/7 5 

7 3 

122/6 25 

19 5 

92/8 75 

10 5 

86/6 25 

1 9. 9. 

o 

IS 

12 4 

95/6 25 

15 2 

89/5 

17 8 

SS/5 

17 G 

6 

IS 

93/7 5 

12 4 

95/6 25 

15 2 

94/6 (10 

15 8 

94/6 25 

15 0 


P = Mean arterial pressure P = Floir R = Resistance 


at wage changes taken from four cNpernnents See 
Table II 

Troin these results ue mat conclude that ephed 
rinc in doses of lS-20 mg /Kg does not produce 
ant significant changes on the tisccral blood tesscls 
of the intestines 

Cardiac Output. — In Table III ephedrine pro 
duced a substantial increase in cardiac output 
This effect ttas lessened by the action of cocaine 
Xo adequate explanation is being offered to ex- 
plain the t ariation in total peripheral resistance 
Perhaps some of these tariations tterc due to a 
compensatort action of the bodv This increase 
in cardiac output, iihich iias later modified b\ 
cocaine, was due iiiaitih to an increase in stroke 
\olurae 

Oxygen Uptake Studies — As a means of deter- 
mining if oxygen utilization was mvohed in the 
mechanism of action of ephedrine in the cocainized 
animal, studies on oxygen uptake were conducted 
on the AAkarburg respirometer In Fig 2 these 
studies re\ealed that during the first hour liver 
homogenates from animals that had been prev lously 
treated with ephedrine gate off oxygen up to 
18 63^c. and that liter homogenates from animals 
that had been treated with cocaine took up a small 
amount of oxygen (a maximum of 8 27%), whereas 
liter homogenated from animals that had been 
treated with ephedrine and cocaine took up a 
maximum of 33 08% of oxtgen during the second 
hour It IS belieted that oxtgen utilization will 
not explain the mechanism of action of ephedrine 
in the cocainized animals and that other enzymatic 


Table II — Action of Ephedrine-Cocaine on 
A iscERAL Blood A^essels 


Blood pres 
sure, ram / 

Normal 

Ephed 

nne 

0 3 mg / 
KJn 

Cocaine 
20 mg / 
Kg 

rphed 

nne 

and 

Cocaine 

Hg 

Ht of con- 
traction of 
mtestmes. 

136 

170 

120 

122 

mm 

10 8 

10 G 

10 G 

10 0 


systems should be mt cstig.ited Acc irdiiig to 
Axelrod (8) ephedrine is demetht lated by an eii 
zyme system in rabbit liter microsoines to nor- 
ephedrine and formaldehyde It is belieted by this 
author that the git mg off of oxygen during the 
first hour might possibly be due to formaldehyde 
poisoning of an enzymatic system and that this 
action IS otercome in tunc, c g , yyithin two hours, 
by' the presence of norephedrine, enabling the liter 
homogenates to take up increasing amounts of 
oxygen and that this reaction is not affected by 
the presence of cocaine This is a theory tint needs 
further investigation, for at present there is not 
satisfactory scientific et idencc to support it 
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Eig 2 — Oxygen uptake, mouse hyer homogenate 


SUMMARY 

1 The pressor response to a dose of 0 !8 iiig / 
Kg IS markedly reduced in the presence of 
cocaine Under properly controlled conditions, 
this reduction amounts to 00 per cent or more 


Table III — Cardiac Output 



Normal 

Hi 

fl- 

I plictinnt'* 
Hi 


J pJiedrific'* in llie 
Cricuni/erl Anirrt il 

Ht Hj 

Cirdi 1C output. 1 /mm 

3 0} 

1 7 

j V/ 

2 1 

5 .ii 15 

Cardiac index, 1 /mm /5U 

4 5 

.3 .1 

7 2 

5 2 


Total peripheral resistance, 
d\ncs/cm - 

2..5(i4 I 

,32S 

1 605 1 

i2S 

15 

1 738 1,111 

10 5 0 

Stroke y olume, cc /beat 

21 4 

10 

'12 


P 0 3 ms /Ks 



October 1959 


Scientific Edition 


605 


Diminution in response to the pressor effects of 
ephedrine in the cocainized animal is not related 
to tachyphylaxis. 

2 The mechanism of action of the reduction 
to ephedrine cannot be explained on the basis of 
differences in electrical potentials taken from 
electrocardiographic changes 

3 The reduction in response to ephedrine in 
the presence of cocaine cannot be demonstrated 
on the isolated rabbit heart 

4 Both ephedrine and cocaine singularly 
acted on the femoral vascular bed to produce 
some degree of vasoconstriction and a decrease in 
blood flow However, in the presence of cocaine, 
the vasoconstriction and decrease in blood flow is 
augmented rather than decreased 

5 Ephedrine and cocaine do not produce any 
significant action on visceral blood vessels 


6 The increase in cardiac output induced by 
ephedrine is greatlv lessened by cocaine. 

7 Differences m oxygen uptake of ephedrine 
and ephedrine in the presence of cocaine in liver 
homogenates could not satisfactorily explain the 
diminution in the cardiac output induced by 
cocaine 
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Drug Modification of Runway Behavior of Mice 
Influenced by Aversive Stimulus'' 

By J. A. HUNTZINGERf, J. J. WITOSLAWSKI, and H. M. HANSON 

Chlorpromazine administered intraperitoneally to white mice significantly increases 
running time on a short runway; this effect is proportional within the range studied 
with increasing dosage. Following exposure to an aversive stimulus, untreated mice 
or mice receiving the 2 mg./Kg. of chlorpromazine markedly increased running 
times as a result of such stimulation. However, mice receiving the 4 mg./Kg. dose 
showed no increase in running time. Assuming that such increases in running 
time are free of interaction with the preceding level of performance and are com- 
parable in terms of absolute differences between groups it would appear that the 
compound either prevented the setting up of some condition ("fear") resulting 
from the light stimulus, which increased the running time in the untreated mice, or 
it prevented the operation of the condition set up by such asersise stimulation. 


^ I *His STUDY investigated the possibility that 
one of the traditional techniques for the study 
of instrumental behavior might be useful as a 
rapid first evaluation of unknown compounds be- 
lieved to have psychotropic activit}^ A precur- 
sor of such an application was Brad}’’s study of 
the effects of tetraethjdammonium on the runway 
behavior of rats (1) It was felt that by a modifi- 
cation of the basic method, a response to so-called 
“fcar”-producing stimuli might become measur- 
able. Chlorpromazine hydrochloride, lO-Cy-di- 
mcthylaminopropyl) - 2 - chloroplienothiazine 
hj'drochloride, was selected for testing as a ref- 
erence agent for drugs of the "tranquilizer” class 

METHOD 

Eighty male albino mice (Merck Sharp & Dolmic 
strain) sustained on a tneiiU -tno-liour food clcpri\ a- 

* Hcccoed June 2"> Pl'in, from The Merck Institute for 
1 Iierapeutic Ucscnrcli West Point, Pa 
t k'scarch pertormcil diirini; tenure as in")? Merck Sharp 
t Uolime Research Laboratories Dnision Industrial rcilou 
sllip lor Science Teachers Present address Howard Uni 
scrsit>, Washinflon. D C 


lion schedule ncrc trained to run a 24-inch elevated 
runway 

A timing zone of 17 inches t\as marked off on the 
runnay equidistant from each end, the remaining 
space being designated starting and goal areas 
Tlie mice ncrc reinforced by being allotted to eat 
for approximately three seconds from a supply of 
wet mash placed at the far end of the goal area 
.After a day’s experimental session, the mice were 
fed wet mash ad libitum for one hour, water always 
being available 

.After 25 training trials, the mice were randomly 
dit ided into four groups On the next experi- 
mental day, after two trial runs, chlorpromazine 
was administered intrapcritoneally to each group 
at the following dose levels: Control (saline), 
2 mg /Kg , 4 mg /Kg , and 0 mg /Kg Forty-five 
inuiutes postmjcction, 4 trials were run Running 
times were measured on the last prciiucction trial 
and on the second and fourth postinjcction trials 
The time required to complete a run between the 
two l7-inch markers was recorded in tenths of a 
second .\t the end of the third run while the 
mouse was still in the goal area and consuming the 
mash, a pliotoflood lamp placed approximately 
six inches above and in front of the mouse was 
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illuminated for one second This stimulus produced 
freezing and/or mthdraual in all mice On the 
basis of earlier studies « ith rats it can be considered 
aAcrsne, i e , it Mould probabh be sufficient to 
support mstniraental escape bcha\ior (2, 3) 
The mouse Mas then immediateh returned to the 
starting area and the fourth and final trial gi\en 
If the mouse had not completed the run in si\t\ 
seconds, tlie trial Mas terminated bi renioxang the 
mouse from the riinMai, a score of si\t\ seconds 
being recorded 

RESULTS 

The results are shoMai in Fig 1 The running 
times measured in tenths of a second are plotted bj 
group a\ erages against the dose le\ els tested The 
dashed line shoMS the mean preinjection running 
times for each group There Mere no significant 
differences (tested bj KrusLal tVallis one nai 
anahsis of \ariance (4)) at the 0 05 level for the 
mean premjection running times for the 4 groups 
Mean running times fort} fi\ e minutes after the 
injection of chlorpromazine are shoMii m the post- 
injection curie ■Vn ordcrl} increase in running 
times lias obtained iiith increasing drug dosage 
The differences betiieen the group means iiere 
significant!! different at the 0 001 level of confi 
dence Hoiieier, differences betiieen pre and post 
injection runs for the 0 and 2 mg /Kg groups, 
tested separatel} b} Mann-Whitney U test, iiere 
not significant!} different at the 0 05 level (4) 
The third curie m Fig 1 labeled ‘poststimulus,” 
shoMs the effect of the presentation of the brilliant 
light upon running times, and the interaction of this 
effect tilth the drug action In the saline control 
group and the 2 rag /Kg drug group the mean 
running times on the trial folloiiing the light 
stimulus Mere significant!} different from the mean 
postinjection running times, at better than the 0 05 
lei el of confidence (This increase supports the 
notion that the light iias aicrsiie ) The 4 mg/ 
Kg dose did not significantli increase the mean 
running time iihen compared to the postinjection 
trial suggesting an interaction of the tiio variables 
stimulus presentation and drug The poststimulus 
curve is flatter than the postinjection curie, nitli 
intersection of the tiio curies near the 4 mg /Kg 
dose lalue suggesting an inierse relationship ivitli 
dose 

The poststimulus mean running time for the 
6 mg /Kg group indicates a marked decrease in 
lainnmg times folloiiing the presentation of the 
light stimulus and ivas found to be significantli 
different from the postinjection mean running time 
Hoiveier, there iias a decrease in the size of this 
group (to K = 12) bi the time of the stimulation 
trial due to the licai } sedation produced bi the 
injected compound Considering that probabli 
onli those animals most resistant to the effects of 
chlorpromazine Mere performing at the time of 
testing. It IS possible that those animals might 



Fig 1 — Ai erage running times on an elei ated 
runiia} for four groups of mice Each point repre 
sents the average group performance on a single 
trial Folloii ing a control trial (cun e labeled “pre 
injection”) chlorpromazine iias administered at the 
doses indicated on the abscissa The effects of the 
drug are shown in the cun e labeled ‘'postinjection ” 
The results of a final trial immediatcli preceded bi 
exposure to an aversive stimulus arc shoiin in the 
third cun e The 6 mg /Kg point in this curve due 
to reduction m group size can onl} be considered i 
suggcstii e 1 aluc 


also be resistant to the effects of the stimulation 
For these reasons this value is probably not ger- 
mane to a discussion of the results rf this stud}’ 

DISCUSSION 

The particular cxpcrimeiital situation utilized for 
this study allows an approach to a condition more 
comparable to "emotion” in humans than most 
others generall} in use in small animal evperi 
mentation The response to repeated application 
of aversive stimulation m rodents rapidl} changes 
iiith the replication of such stimulation The first 
fen times shock or other ai ersii e stiimil ition is 
applied, gross effects considered ns concomitants of 
"emotion” such as defecation, urination, pilo 
erection, rcspiratori changes, hj-peractiiitv, .iiid/ 
or "freezing behavior” are observed After i 
number of applications of such stimiil ition most of 
these signs arc compicteli absent, suggesting th it 
as an "analogue” of "emotion” the response to 
chronic aversive stimulation is questionable Con- 
ceivabli bi presenting the aversive stimulus onl} 
once and measuring the response to such stimulation 
immediatcli thereafter, ns was done m the present 
stud}, a state closer to "true emotion” is made 
available for stud} 
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Quaternary Ammonium Salts of 
8'(Dialkylaminoalkoxy)-theobromines 
and -caffeines as Curariform Agents^ 


By DIPTISH C. CHAKRAVARTY and JAMES W. JONES 

Three 8-(dialkylatninoalkoxy)-theobromtne compounds were prepared b) reacting 
the appropriate sodium dialkylamino alcoholate with 8-chlorotheobromine Nine 
quaternary salts were prepared from the above three compounds bj reacting each 
with methyl iodide, ethyl iodide, and benzyl chloride. The nine quaternar>_ com- 
pounds along with nine corresponding caffeine quaternarj compounds, pre\ iouslj 
reported, were tested for their curariform activ itj . 


C ONTEMPORARY STUDIES With synthetic curan- 
form compounds began with Bovet's work- 
ing from a model of (-b)-tubocuranne (1) This 
was followed by the synthesis and testing of a 
large number of quaternary ammonium com 
pounds Chohne denvatives were among these 
(2) Included among the curariform agents 
studied by Bovet was tns-(/3-tnethylammonium- 
ethoxy)-!, 2, 3-benzene triiodide (Flaxedil), which 
was found to be most active (3) The present 
study was instituted with the view of preparing 
a group of compounds related to phenylchohne 
ethers and carrying out a very preliminary 
testing for possible curariform activity Con- 
sequently a number of amraoalkyl ethers and 
their quaternary ammonium salts having the 
follow’ing general formula have been prepared 
from 8 chlorotheobromine 


0 

1 CHj 


-O— (CH-),- 


O 


CH, 


-N— R- 
R' 


X 


The present syntheses represent an extension 
of the work with the corresponding derivatives of 
caffeine (4) 


EXPERIMENTAL 

8-Chlorotheobromme. — This was prepared ac- 
cording to Blitz and Beck (5) Fifty grams of tlico 
bronunc, suspended m 500 ml of dry chloroform 
was refluxed at room temperature while a stream of 
dried chloniie was bubbled through it for six hours 
The S chlorotheobroramc was separated from the 
reaction mixture and rccrystalhzed from glacial 
acetic acid Yield — 98%, m p 297° 

8 - ( Dialky laminoalkoxy) - theobromines, — The 
sodium ammo alkoxidcs w ere prepared m a 500 ml . 
three necked flask fitted for refluxing b\ allowing 
2 0 Gm (0 12 mole) of sodium metal, cut into small 

* Reccncd March -a 1050 from the State UnircrsiO of 
Iowa CoUege of Pljftrmc> lowt Cil> 

Abstract of a ‘tUs’tcrtalion ^ubmxUcd b> DtpUsb C ChaVra 
\ari> to the GnduTtc CoUepc StTtc Uni'crsiij of Iowa m 
partiil fulfillment of the requirements for the ilcRrce of Doctor 
of Phflocophj in Ph^rmTcj 


pieces, to react wath 0 IS mole of the appropriate 
alcohol (dimethylaminoethaiiol, dietlir laminoeth- 
anol, or diethylammopropanol) m 50 ml of dry ben- 
zene The mixture was warmed over a water bath 
to complete the reaction as indicated by the absence 
of sodium particles S-Chlorotheobromine (0 12 
mole) was added and refluxing with stirring was 
continued for two hours, by which time the reaction 
nas complete The solution was filtered nliile hot 
The filtrate was transferred to a separatory funnel, 
washed three times with 50 ml portions of water, 
dried over anhvdrous sodium sulfate, and refiUered 
Benzene was then removed under reduced pressure 
Another 60 ml portion of benzene was added and 
subsequentlj removed as above The damp ma- 
terial was dried in an o\ en at 60° and reerv stallizcd 
from benzene solution The melting points and 
analyses are shown m Table I 

Quaternary Salts of 8-(DialkylanunoalkoJcy)-theo- 
bronunes. — The arainoalkvl ether (0 01 mole) was 
dissolved in 50 ml of absolute ethanol, and 0 015 
mole of methyl iodide, ethj 1 iodide, or benzyl chlo- 
ride was added with thorough stirring The solution 
was placed in a refrigerator until the quateniarv salt 
crystallized out The salt was filtered out while 
cold, rcdissolved in absolute ethanol, and precipi- 
tated with ether This process was repeated for 
each salt until a constant melting point was ob- 
tained The melting points, analj ses, and j lelds of 
the quaternary salts are guen m Table 11 
Pharmacological Studies. — Tiiese studies were 
only preliminary in scope to determine whether or 
not the compounds exhibited sufficient curariform 
actixitv to justifj a complete activ it\ studj Thej 
were earned out bj the method used primarily for 
testing the curariform aclivitv A modification of 
the screen-drop test described b> Cavilhto, cl al 
(6), and the head drop test (7) were used to deter- 
mine the relative potencies of the compounds In 
the mouse screen drop test, groups of twelve white 
mice were used at each dosage level. The EDm was 
determined using the method of probit anah sis de- 
scribed bv Burn(S) The agents were administered 
intrapcntoncallv m 0 25 ml of solution 


Table I — S-(Dialkvlaminoalko\\)- 
theobromixes 


R 

n 

M p 

Yield 

' — Nitrogen ^ — • 
Calcd Found 

CHi 

2 

149-150 

26 

26 2 

26 1 

CHjCH, 

2 

172-173 

25 

23 7 

23 7 

CHiCH- 

3 

161-162 

23 

22 6 

22 6 
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Table II. — Quatern.arv S.alts of S-(Dialkvlaminoalko.xv)-theobromines 


R 

n 

R' 

X 

Yield, 

c* 

/C 

M. p. 

' Nitroron. 

Calcd. 

r- 

I'oiintl 

CH: 

2 

CH, 

I 

23 

S7- SS 

17.1 

17.1 



CHaCH; 

I 

20 

12G-12S 

16.5 

16.5 



CeHsCH, 

Cl 

12 

131-133 

17.5 

17.5 

CHjCH; 

2 

CH, 

I 

20 

lOG-107 

16.0 

16.0 



CHjCH; 

I 

25 

9G- 98 

15.5 

15.5 



CsHsCH; 

Cl 

10 

111-112 

16.6 

16.6 

CHjCH; 

3 

CH, 

I 

25 

56- 57 

15.5 

15.4 



CHjCH; 

I 

24 

76- 78 

15.0 

15.1 



CcHsCH; 

Cl 

13 

102-103 

16.1 

16.1 


In the head-drop tests, groups of two rabbits were 
used. The concentrations of the solutions were ad- 
justed to give a head-drop within a volume of 1-2 
ml. The list of the compounds tested along with 
the results are included in Table III. The series of 
quaternary salts previously sjmthesised by these 
authors (4) were included in these tests. 

DISCUSSION 

The same procedure was satisfactory for prepar- 
ing the methiodides, etliiodides, and benzchlorides 
of the dialkylaminoalkoxy derivatives of theobro- 
mine, which was not true for preparing the corre- 
sponding caffeine-substituted quaternaries (4). As 
indicated in Table III, the relative activities of the 
compounds differ in the mouse and the rabbit which 
may be ascribed to species variation, as previously 
reported (9). The theory that more than one qua- 
temarj' ammonium group is essential for curare-like 
activity, as in (-l-)-tubocurarine, does not hold here. 
The distance-activity relationship theory, which has 
been criticized by later investigators, proposes that 
the distance between onium heads has a direct rela- 
tionship to the attainment of ma.ximum activity. 
This theorj' is also without support in this study, 
since the compounds have only one onium head. 
No conclusion is drawn as to why only one theobro- 
mine derivative ex'hibited activity while seven caf- 
feine derivatives were active. 

The degree of activity exhibited by the compounds 
did not warrant further pharmacological investiga- 
tions. 
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Table III. — Paralyzing Doses in the Prelimi- 
nary Mouse Sloping-Screen and Rabbit Head- 
Drop Tests 






Mouse 






Tests, 

Rabbit 





Dose, 50 

Tests, 

R 

n 

R' 

X 

niB./KR, 

mK./KK. 


Theobromine Derivatives 


CH, 

0 

CH, 

I 

0- 

0 



CH,CH, 

I 

0 

0 



CcHiCH, 

Cl 

0 

0 

CH 3 CH 2 

2 

CH, 

I 

0 

0 



CH,CH, 

I 

0 

0 



CsHsCH, 

Cl 

0 

0 

CH,CH. 

3 

CH, 

I 

72.5 

17.4 



CHjCH, 

I 

0 

0 



CsHsCH, 

Cl 

0 

0 



Caffeine Derivatives 


CH, 

2 

CH, 

I 

168.3 

50.9 



CH,CH 2 

I 

37.6 

10.8 



CeHsCH, 

Cl 

57 3 

5.0 

CHjCH, 

2 

CH, 

I 

38 1 

12.8 



CHsCH, 

I 

39.3 

15 4 



CsHsCH, 

Cl 

124 6 

42.1 

CHjCH, 

3 

CH, 

I 

38 2 

13 3 



CHjCH, 

I 

0 

0 



CcHiCH, 

Cl 

0 

0 

Flaxedil 




4 1 
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Book Notices 


Laboratory Guide in Plmniiacoiojiy. By Harald 
G. O. Holck, Tom S. Miva, Norris \V. Dunham, 
and George K. W. Yim. Burgess Publishing 
Co.. 426 South 6th St., Minneapolis 15, Minn., 
1959. iv + 115 pp. 22x27.5 cm. Papcrbound. 
Price S3.50. 

The manual is designed as an adjunct to lecture 
and textbook material, and only appropriate back- 
ground information precedes the experimental pro- 
cedures instead of detailed discussions of the 
pharmacological principles involved. Well-known 
procedures ior preparing animals or isolated organs 
are not described in full detail. The manual is 
intended to acquaint the beginning student with 
various pharmacological principles in general 
without complicated and costly equipment. Most 
of the experiments are planned for student partici- 
pation, and the procedures have been kept as simple 
as possible. 

Pharmazeiilisches Wdrterbiich, Dritten Auflage. 
By Curt Hunnzus. Walter De Grujder & Co., 
Genthiner Strasse 13, Berlin W 35, Germany, 
1959. xi -f- 731 pp. 12.5 x 18.5 cm. Price 
DM 32, 

The first edition of this dictionary of pharma- 
ceutical terms was published in 1950. The third 
edition has been enlarged, and includes definitions 
of a substantial number of terms not covered in 
the second edition, which was published in 1954. 
The definitions appear to be quite adequate, and 
for medicinal chemicals included in the Deutschen 
Arzneibuch 6, structural formulas, methods of 
preparation, and certain physical and chemical 
properties are given. Trademark names of drugs 
in this class are also included. The value of the 
dictionary is enhanced b}' an appendix including 
17 tables of information of pharmaceutical interest. 
For example, antidotes, incompatibilities, maximum 
doses, and the relationship between different 
biological units are presented in tabular form. 

Progress in Biochemistry. Bj' Felix Haurowitz. 
Interscience Publishers, Inc., 250 Fifth Avenue, 
New York 1, N. Y., 1959. xii -F 358 pp. 15 x 
22.5 cm. Price S8.50. 

This book is the fifth in a series of reports on the 
progress in biochemistry since 1914. In selecting 
material for this report, the author has given pref- 
erence to the fundamental aspects of biochemistry 
rather than to those describing methods or applica- 
tions. 

Les Midicaments du Sysllmc Nerveux Cerebrospinal. 
Edited by F. Mercier. Masson et Cie., 120, 
boulevard Saint-Germain, Paris France, 1959. 
573 pp. 16.5 X 24.5 cm. Paperbound. Price 
5,800 fr. 

This book (in French) covers the drugs affecting 
the central nervous system and includes discussions 
on related procedures such as electroencephalography 
and artificial hibernation. The text includes chap- 
ters on: general anesthesia, prcancstliesia and 


sedation, hypnotics and neurosedatives, neuro- 
leptics, analgesics, antiparkinsonism drugs, anti- 
epileptic drugs, nervous stimulants, developed 
tolerance, toxicomania, neuropsychiatrj', drugs 
acting on the neuromuscular junction, and local 
anesthetics. The book is intended to serve as a 
guide to students and practitioners. A good 
index (author and subject) is appended. 

Precis de Thirapetilique et de Pharmacologic. 1959 
Supplement to the 9th ed. (1950). By Rene 
Hazard. Masson et Cie., 120, boulevard Saint- 
Germain, Paris 6®, France, 1959. 138 pp. 

13.5x20 cm. Paperbound. Price 320 fr. 

This supplement (in French) includes concise 
monographs on newer therapeutic agents. Generic, 
chemical, and trade names are given, but the 
manufacturers are not indicated. 

An Introduction to Chemical Engineering. By 
Charles E. Littlejohn and George F. Mee- 
NAGHAN. Reinhold Publishing Corp., 430 Park 
Ave., New York 22, N. Y., 1959. xiii -F 271 pp. 
Price S7.80. 

This book is intended primarily as a beginning 
text for students in chemical engineering and 
related professions. It presents material with 
which the student should become familiar before 
undertaking a study of unit operations and thermo- 
dynamics. It attempts to explain some of the 
fundamentals upon which chemical engineering 
theory is based. 

Source Book of Industrial Solvents. Vol. Ill Mono- 
hydric Alcohols. By Ibert Mellan. Reinhold 
Publishing Corp., 430 Park Ave., New York 22, 
N. Y., 1959. V -F 276 pp. 15 x 23 cm. Price 
SIO. 

This book is the third in a series, and in the latest 
volume the physical properties, azeotropic mixtures, 
and uses of industrial alcohols are presented . Many 
significant tables and illustrations are included. 
Since alcohol solvents enter into nearly every kind of 
industrial activity, this book should enjoy wide 
acceptance for a convenient source of information on 
these substances. 

Yardsticks for Industrial Research. By James B. 
Quinn. The Ronald Press Co., 15 East 26th St., 
New York 10, N. Y., 1959. v + 224 pp. 15 x 23 
cm. Price S6.50. 

The material presented in this book is based 
mainly upon a surv'ey of practices of successful com- 
panies in evaluating industrial research output for 
management purposes. Using this approach, the 
author has developed a practical evaluation sj'stera 
dcsigpicd to supply guidance to management. By 
means of the segmental approach, criteria and pro- 
cedures arc provided for both the technical and 
economic assessment of research output. The book 
probably will appeal most to research workers and 
executives who administer research programs. 
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Steroids. By Louis F. Fieser and Mary Fieser. 
Reinliold Publishing Corp., 430 Park Avc., New 
York 22, X. Y.. lOoO. xvii + 040 pp. 15 x 23.5 
cm. Price .?1S. 

A completely revised account of the entire field of 
steroids from the vieivpoint of modem theory is pre- 
sented in this book. It has been designed to replace 
"Natural Products Related to Phenanthrene,” 
third edition (1949). The material in each chapter 
has been organized into a series of related topics 
unifying the discussion of the early history and the 
ensuing developments All literature has been 
covered to about February 1959. Steroids are of 
especial interest in the pharmaceutical field because 
so many medicinal chemicals fall within this classi- 
fication. The book has been designed in a very 
competent manner, which will appeal both to experts 
and students whose main interests lie in the field of 
steroid chemistrj-. 

Elementary Statistics With Applications in Medicine 
and the Biological Sciences. By Frederick E. 
Croxton. Dover Publications, Inc., 180 Varick 
St., X'ew York 14, N. Y., 1959. vii -f- 376 pp. 
13 5 X 20 5 cm. Paperbound. Price .$1.95. 
Assuming only a modest knowledge of mathe- 
matics and no prior knowledge of statistics, this 
book is designed to show how statisticians arrive at 
their results, how to interpret statistics, and how to 
test their validity. X^umerous examples are given 
from fields of investigation that are familiar to most 
research workers in the biological sciences. 

Translation from German for Chemists. By H. H. 
Neville and W. E. Yuill. Interscience Pub- 
lishers, Inc , 250 Fifth Ave., New York 1, N. Y., 
1959. xi -f- 139 pp. 13.5 x 18 cm. Price $2.50. 
The aim of this book is not to teach the chemist 
German, but to equip him with a technique for read- 
ing, translating, and understanding German chemi- 
cal material. Only those features of the language 
which are necessary for an intelligent use of the dic- 
tionary are presented. X^o previous knowledge of 
German is required to use this book, but some back- 
ground would make the subject matter easier to 
follow. 

Brief Course in Organic Chemistry. 2nd cd. By 
Lyell C. Beiir, Reynold C. Fuson, and Harold 
R. Snyder. John Wiley & Sons, Inc., 440 Fourth 
Ave., X'ew York 16, X’ Y., 1959. viii -f 289 pp. 
15x23 cm. Price .$5. 75. 

This revised and expanded edition of the text pre- 
sents an introduction to organic chemistry and in- 
cludes the application of organic compounds. The 
re\-ision contains references to manj’ substances of 
practical value such as vitamins, hormones, other 
natural products, mcdicinals. agricultural chemicals, 
and other substances of biological interest. New 
chapters on homologous series, naturally occurring 
esters, and sulfur compounds have been added, and 
there are new illustrative photographs and drawings 
of molecular structures. Aromatic and heterocy- 
clic compounds are introduced early and the similar- 
ities among aliphatic, aromatic, and heterocyclic 
compounds, rather than their differences, arc 
stressed. 


Textbook of Toxicology. By Kenneth p. Du Bois. 
Oxford University Press, 417 Fifth Ave., New 
York 16. N. Y., '19,59. x + 302 pp. 14 x 21.5 
cm. Price .$0.50. 

This book was written to fill the need for a text- 
book on toxicology containing subject matter in a 
concise, understandable form. “Te.xtbook of Toxi- 
cology" provides a concise but thorough coverage of 
factual information concerning the major cla.sscs of 
the mode of action of poisons discussed at the 
cellular level. The praetical circumstances under 
which poisoning can occur, diagnosis of poison, and 
treatment are also adequately discussed. The text 
stresses the toxic effects of the classes of chemical 
compounds rather than attempting a complete 
coverage of all toxic chemical agents. Chapters on 
newer subjects such as ionizing radiations, household 
poisons, and pesticides are included as well as sub- 
jects of long-standing importance such as metals, 
air-borne poisons, solvents, and plant and animal 
poisons. The medicolegal aspects, history, and 
general principles of toxicologi' are also discussed. 
The book is designed for use by medical students, 
graduate students, and advanced undergraduates, 
but it will also be of great value as a quick reference 
work in emergencies. 

Anatomy and Physiology. Vol. I. By Edwin B. 
Steen and Ashley Montagu. Barnes & Noble, 
105 Fifth Ave., New York 3, XL Y., 1959. xv -f 
332 pp, 13.5 X 21 cm. Paperbound. Price 
.$2.50. 

This book, one of the College Outline Series, pre- 
sents a survey covering cells, tissues, integument, 
skeletal, muscular and digestive systems, blood, 
lymph, and circulatory system. It is keyed to 
standard textbooks on anatomy and physiology. 


Carcinogenesis. Mechanisms of Action. Ciba 
Foundation Symposium. Edited by G. E. W. 
Wolsteniiolme and Maeve O’Connor. Little, 
Brown & Co., 34 Beacon St., Boston 6, Xfass., 
1959, xii -f 336 pp. 13.5 x 20.5 cm. Price 
$9.50. 

This book includes a scries of papers presented 
during the 1958 Ciba Foundation Symposium which 
was held in London. All of the papers firesented 
were prepared by e.xpcrts in the field of carcino- 
genesis. 

Regulation of Cell Metabolism. Ciba Foundation 
Symposium. Edited by G. E. W. Wolste.n- 
holme and Maeve O'Connor. Little, Brown A- 
Co., 34 Beacon St., Boston 6, Mass., 1959. xi -f 
387 pp. 13.5 X 20.5 cm. Price $9.50. 

A series of papers presented to a 19.58 symposium 
on the regulation of cell metabolism is included in 
this book. This new symposium from the Ciba 
Foundation draws upon the collective experience of 
39 internationally known authorities to present the 
latest research findings in the regulation of cell 
metabolism. The book is profusely illustrated with 
halftones and charts which clarify and augment the 
textual discussions. This volume shoulrl be of 
special interest to everyone involved in basic cell 
research. 
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A Simplified Procedure for the Determination 

of Vitamin A* 


By JOSEPH A. NAPOLI, BERNARD Z. SENKOWSKI, and ALEX. E. MOTCHANE 


A modification of the U. S. P. XV procedure 
is described. The proposed procedure short- 
ens considerably the time for analysis. It 
also improves the precision of the unsaponi- 
fiafale values by at least a factor of two. The 
precision of the Morton-Stubbs correction 
factor remains unchanged. The method is 
shown to be applicable to a wide range of 
products. A discussion of solvent purifica- 
tion and instrument checking and calibration 
is included. 


The modification of the U. S P. XV method 
which we have developed eliminates at least one 
major source of variability and significantly cuts 
the time for the analysis At the same time the 
precision of the unsaponified values is at least 
doubled. 

RESULTS 


'T^he widely used procedure for the quanti- 
tative analysis of vitamin A in various prod- 
ucts is described in the U. S P XV (1). It 
represents the experience accumulated in nu- 
merous industrial and scientific laboratories over 
the past ten or fifteen years The improvement 
proposed consists of the use of a single extrac- 
tion in place of the multiple extractions of the 
U S P XV procedure As a consequence, a 
notable increase in the precision is obtained 
The U S P XV reports an expected discrepancy 
in results of different laboratories using the pre- 
scribed method of approximately 2 S D = 
±S per cent at P = 0 0.5 With this magnitude 
of error, it has been necessary to carry out four 
determinations in order to obtain a corrected 
average value of about ±2 per cent IP = 0 05). 

Several attempts have been made toward 
improving the method and its precision (2-4) 
but none has found its way into general practice 
In particular, Mulder’s (5) recent work should 
be mentioned for a thorough analysis of the 
problem and a novel solution. Our uork was 
done very nearly at the same time. 

*Uccciie(l Jiitj Ut lO'io from the Control Spcctropho 
lometrrc iincl nhjsical ChcmtMrj 1 aboratoncs o! Hortmann 
I a Roche tne . N'litleJ X J 

Oiir yticere thanVs to I G I .Shafer, Director of Products 
Control for his helpful nth ICC and to Dr P rorrester of the 
Tochnicaf Detefoproent Department. Analj tical Diaision 
(Orsiippljinc the datum Table Iff 


Several series of comparisons arc presented be- 
tween results obtained by the new method and by 
the U S P -XV 

The variations of the individual potency values in 
Table I are obviously completely out of range from 
cadi other and could be treated together only on a 
relative scale Such a uniform scale is easily ob- 
tained by adjusting all values to the same arbitrarily 
chosen level, i e , using appropriate factors to make 
the av'crages of individual samples to read, for in- 
stance, 1 000 or any other convenient figure. Con- 
ventional simple statistics then become meaningful, 
keeping in mind that although the variations be- 
tween samples have been suppressed, the number of 
different groups of samples used reduces the number 
of the degrees of freedom available for comparison. 

This procedure is justified by the technique of 
measurciucnt. which is based on spectrophotometric 
readings, and dictated mainly by its limitations. All 
such readings arc in the range of R between 0 5 and 
0 8, and are, in practice, even within someu hat closer 
limits (see footnote. Table V) This is accom- 
plished, as is uell knoun, by adjusting weights and 
dilutions The direct readings could not be com- 
pared at all uithout adj’ustment for weiglits. The 
error is related directly to the experimental results 
uhich are these very closely similar readings 
Tlie differences betw-ecn the samples are given, on 
the other hand, mainly by tlie weights and dilu- 
tion factors by which all errors are being multi- 
plied at tlie same time as the readings The actual 
variations in the final results must be, therefore, pro 
portional to tlie dilution factors, i e , in the end, to 
the amount of vitamin A They are obviously very 
different with different samples, whereas the relati- ' 
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errors remain the same These differences m fac 
tors arc seen to be accidental, and consequenth ir 
relei ant, as far as the relatn e error is concerned 
The precision indexes ncrc obtained bj the aiialt 
SIS of \anance The results are collected in Fig 1 
and Table \ 




•L-Sf- n ^6 c 5b 


, ^* 08 / 

■ S A n ^Zdf Z9 

Fig 1 — -Random errors in \ itamin \ deteriniiia 
tions, multiple extraction (U S P XV) tr single 
(S \V E ) 

DISCUSSION 

In the discussion of our results, tie wish to stress 
two points The first point is purelj technical a 
single extraction ob\ louslj eliminates one source of 
error, naineh multiple transfers of ether extracts 
Such transfers can be made quantitatnch, but this 
ma\ be difficult to achiet e w ith uniform precision in 
routine operations This source of error has nexer 
been properU exaluated The number of shakings 
to XV Inch at least some of the xitamm A present is 
subjected is reduced considerablx , and this also max 
be of importance 

The second point refers to the sjstem of solxcnts 
used The extraction « ith one large volume of ether 
(150 ml ) radicallj changes the composition of the 
phases \ itamin A is actuallj extracted in one op 
eration, the phases being pure water — containing 
soap, if present — and ether containing 20% alcohol 
plus, possiblx , X erx dilute soap There is no ques 
tion tint this extraction is quantitatixe, i e, tint 
the distnbution is decisixclx shifted in fax or of the 
ether lax er 

It IS not know n at present w Inch of these changes is 
of greater importance The second is more funda 
mental, but not necessarilx more decisix c 

The maximum absorption, as shown in Table I\ , 
was found as high m the new procedure (S \\ E ') 
as in the U S P X\' The regression coefficient of 
S \V E on U S P X\ X alucs w as, for the data in 
Table I, 1 0005 ± 0 002, Table II, 1 000 ± 0 014, 
the limits of error being 2 S D , as in Table \ \\ c 

are inx estigatmg the possibihtx for w hich there arc a 
few indications that a shghtlx higher rccox erx might 
be possible The important point, for the time being 
remains tint the recox erx b\ the new procedure is at 
least as good as bx U S P X\ 

The precision of the uncorrected x allies, £(!•■,. 
1 cm ), IS, on the other hand, considerablx better 
than the U S P XV, as seen from Table \ The 
error was about two to three times smiller and 
this result higlilx significant (at the lex el of P = 2 "> 
toO 5%),(rig 1) 

I < U r IS tfi denote the sinkle water ether melh<Ml 

as proposed m this report 


On the other hand, the precision of the correction 
factor (F V5 = Ac corr /A unc ) was not iniprox cd 
(see Tables) The number of data seems to be suf- 
ficient to consider this difference as real At pres- 
ent, we liaxe no definite explanation for this It 
appears that w e hax e obtained a separation of the 
effect on the reading at the m.aMmum, and of tin 
effect on readings on the slopes of the curxe the 
former became considerablx less x ambit, where is 
the fatter, or at feast their combined effect, rein lined 
as X ariable as before We abstain from discussing 
sexeral possibilities which, for the tune being, must 
be spcculatix e onlx As a practical conclusion, the 
precision of the anaixtical results will be improved 
with respect to U S P XV when the correction 
factor IS greater than 0 97, since then the correction 
IS omitted m short, when dealing with niatcri il of 
high spectral puritx The studies now ni progress 
max show the vv aj to improx c precision in all cases 

The last point we wish to mention, ratio 5/II , 
represents an additional proof of the soundness of 
the new procedure The height of the inaximum 
of the whole sample (IF) before, and the height 

(5) after saponification are important phjsicil 
data XV Inch arc used much too little Provided the 
absorption me.asured are due to v it uiiiii A onlx , 
the absorption after Saponification must be higher 
than before, since the molecular .absorption of tin 
vitamin A alcohol is higher than of the esttrs 
The following comparison (Table VI) is bistd on 
data from T.able I 

The independent significance of this index is in 
the possibihtv afforded for checking tin analxsis 
when the whole value is available, as is often tin 
case, without reference to another sample or 
standard The measurement of a direct dilution 
of the whole sample is gcnenallj casj to make with 
relatixclx liigli precision and accuracx A ratio 
near 1 04 confirms the x.ilidity of the reading after 
saponification, and conxcrselv, and perhaps, more 
critic.allj , a significantlx lower ratio is a sure in 
dicatioii of an error, loss, or a discrepancj of some 
kind A value shghtlj higher than 1 01 is the ratio 
of the molecular absorption of the free xitamm A 
alcohol and of the acetate, which can be derived 
for instance, from data published bj C.ini i, rt at 

(6) , as carlx as Wil In our experience it holds for 
the palmitate as well as the .icetate, ,ind it vv is 
found helpful in our 1 iboratorns, as indicated, at 
least since that time 

CONCLUSIONS 

Replacement of the four ether extractions e died 
for in the USP XV procedure for xitamm A dc 
termination b> one extraction with .i fivefold xol 
ume of ether results m a partial, but sigmficint, 
improx cment m oper.ition and results Xotiblx, 
two things are achieved the tune of milvsis is 
reduced to almost one h ilf, and the precision of 
the absorption measured is mere ised two to three 
times The full benefit of these improvements is 
felt III cases where the me isured values ripresenl 
the final result, i c, with high puritx xitimin A, 
diluted or undiluted, showing i L S P iiiiritj 
factor / IfS of more thin () *IT, iiul Iherefort not 
requiring eorrectioii ( I ) 

On the other li ind the [ireeision of the correetioii 
factor w.is not improxefl In this w ix, .ippirentlj. 
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a separation has appeared for the first time in 
cxpenmenta! data of variations affecting the max- 
imum of the absorption curve, as distinct from the 
slopes This matter shall be discussed later on 
the basis of new experiments Considerable im- 
provement seems possible in this direction 

PROCEDURE 

Sampling. — A sample of not less than 100 mg is 
recommended in order to have a precision of 0 1 % 
or better depending on the balance used Also, the 


weighed sample should contain not less than 10,000 
units of vitamin A 

High potency material, crystalline or liquid, as 
such or diluted in oil, is best u eighed directly into a 
volumetric flask (25-ml ), dissolved by adding 1 ml 
of ethyl ether, and bringing to mark uith isopropyl 
alcohol A 5-ml aliquot is transferred to the sa- 
ponification flask Pou ders are sampled in a u eigh- 
ing bottle, transferred to a saponification flask, 
and 7 ml glycerin added Multivitamin liquid 
preparations are weighed directly into the saponi- 
fication flask In preparations containing vitamin 


Table I — U S P XI' vs Single Extraction Procedure (S W E ) 


Sample 

(u /Gm) X 10< 


UnsapaniHable 
Fraction 


-E (1%, 1 cm )- 
U S P XV 


/{MS)» 


5/tI'i' 


2 9 


1571 1 014S 

1571 1 0150 

Av 1571 1 0149 1 050 


1 8 

Sample 1 


1 8 

Sample 2 


1 0 

Sample 1 


1 0 

Sample 2 
0 5 

(Dry pellets) 


931 5 0 9630 

919 2 0 9602 

931 8 0 9596 

923 9 0 9459 

Av. 926 9 0 9572 1 022 


964 1 1 0000 

958 2 0 9950 

9S2 3 0 9527 

940 7 1 0263 

Av. 961 4 0 9950 1 047 

618 1 0 9324 

618 7 0 9275 

609 0 0 9350 

609 3 0 9343 

Av. 013 8 0 9301 1 019 

615 4 0 9221 

618 9 0 9534 

612 8 0 9677 

612 8 0 9625 

Av 615 0 0 9464 I 067 


323 8 0 9916 

325 3 1 0038 

326 3 0 9739 

324 3 0 9718 

Av. 324 9 0 9853 


0 325 

(Dry pellets) 
Sample 1 


0 325 

(Dry pellets) 
Sample 2 


0 10 

U S P I'lta- 
min A 
Reference 
Soln (I) 


202 

6 

0 

9793 

193 

4 

0 

9582 

202 

8 

0 

9643 

202 

7 

0 

9718 

200 

4 

0 

9684 

216 

5 

1 

0038 

210 

4 

0 

9909 

214 

1 

0 

9691 

197 

4 

0 

9827 

209 

6 

0 

9868 

S3 

03 

1 

Oil 

51 

85 

1 

047 

53 

64 

1 

054 

52 

75 

I 

050 

51 

22 

1 

013 

53 

52 

1 

058 

53 

72 

1 

067 

52 

10 

1 

053 

53 

55 

1 

055 

53 

82 

1, 

,045 



s 

W E 



Direct 

XJnsaponifiable 




Whole 

Traction 

r (MS)" 


u /Gm 


1559 

0 9739 



1495 


1558 

0 9575 





1561 

0 9827 





1558 

0 9705 




Av 

1559 

0 9712 

1 

043 



936 9 

0 9998 



906 5 


945 6 

1 0066 





945 6 

1 0113 





946 8 

1 0045 




Av 

943 7 

1 0056 

1 

041 



960 0 

0 0909 



919 0 


966 0 

0 9950 



917 0 

Av 

963 0 

0 9930 

1 

049 Av 

918 0 


625 7 

0 9630 



602 1 


625 7 

0 9581 





026 3 

0 9650 





630 0 

0 9689 




Av 

026 9 

0 9640 

1 

041 



620 9 

0 9643 



585 8 


619 9 

0 9725 



689 1 

Av 

620 4 

0 9684 

1 

056 Av 

587 5 


323 4 

0 9905 





323 4 

0 9940 





321 7 

1 0048 





323 6 

1 0069 




Av 

323 0 

0 9992 





320 0 

0 9820 





320 8 

1 0011 




Av. 

320 4 

0 9916 





197 5 

0 9984 





195 9 

1 0167 




Av 

196 7 

1 0076 





208 2 0 9670 

208 9 0 9077 

208 1 0 9848 

211 8 0 9452 

Av 209 3 0 9662 


54 01 
53 85 
53 94 
53 92 
Av 53 93 


1 

067 

51 

99 

1 

059 

51 

07 

1 

058 

50 

75 

1 

059 

51 

85 

1 

056 

1 063 50 

85 



50 

66 



51 

95 



51 

10 



50 

88 



Av 51 

2c 
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Table 1. ( Continued) 


r.(i 

U ! 


STmple 

Unsapontfiabli 

(u Gm ) X 10^ 

Traction 

0 04 

33 71 

\'itamin A 

33 87 

“Xatural” 

Av 33 79 

from fish 


oils 


0 001 

5 933 

Vitamin A in 

5 827 

aqueous 

5 828 

multi- 

Av. 5 863 

\ itamin 


prepn 


OOG 

37 51 

\ itainin A 

37 50 

with 

3S 25 

d-carotene 

38 38 

m oil 

Av 37 91 


1 era ) 


. E ( 

? XV 

5/n'» 

s 

TJn«nponifiablc 

/ (JtS)n 

Traction 

0 7462 


33 73 

0 7599 


33 41 

0 7531 

1 027 

Av. 33 57 


0 909S 

5 S27 

0 SS73 

5 SIS 

0 939S 

5 789 

0 9ns 

5 769 


Av. 5 SOI 

0 9282 

38 70 

0 8996 

39 22 

0 9207 

0 9125 

0 9153 

Av. 38 95 


■T.. 1 era ) 


w. C 


Direct 

\A'holc 

r (MS)a 


u /Gm 

0 7S30 

0 7783 

0 7807 

1 020 

32 1) 

0 9166 

0 9132 

0 8996 

0 9187 

0 9120 



0 9105 

0 S9S2 

0 9044 




° A corr /A iincorr (1) E (MS) = Atrscorr = 


f» 81 S (Ai-i - 2 5554 (Aiu) - 2 00 (Ara) 
Aj*j 


Ar»s (after saponification) 

<■ 5/ir = X^rtd.rccrnrcaTuTcmcnT,- ’ ‘"’“P f^elran o»er direct „)ralc 

no saponification) 

Data in this table refer to samples of ^\tdcI> difTcrcnt potencies (IS values from 12 samples as annI>zLd b> two Lhcnnsls in 
Laboratories I and 11 ) 


A and /3-carotenc in oil, the carotene is removed 
bi neighing about 1 Cm ^ into an amber, glass- 
stoppered centrifuge tube, adding 20 ml. of isopropj I 
alcohol, gassing nith nitrogen, shaking on a shaking 
machine for ten minutes, and centrifuging A 5-ml 
aliquot of the clear supernatant solvent is placed 
in the saponification flask 

Saponification. — To the samp'c in the 125-niI 
saponification flask is added suflieient 95% U S P 
alcohol to make a total volume of about 30 ml , 
followed by 3 ml of 50% w/n potassium hj'droNidc 
Displace the air by nitrogen, reflux on a steam 
bath foi thirty minutes, and cool rapidly under 
the tap to room temperatuie 

Extraction, — With all samples except dry xitamiii 
A powders, add 30 ml of water into the s.nponifica- 
tion flask and transfer quantitatively into an amber 
2.50-ml sep.iratorj funnel (Squibb type’) 

In the case of dry vitamin .V powders, add only 
20 ml water before transferring, then rinse the 
saponification fl.ask with the remaining 10 ml of 
water in older to pick up any deposit which m.iy 
liaN e formed during saponification Now add 2 
Gm h\ dtated sodium sulfate, finely powdered 

Rinse the saponification flask with three 50- 
ml portions of ethyl ether, collecting them in the 
separator (Rinse the top of the fi.isk while it is 
inverted orer the separators funnel to prevent run 
back ) 

Displace air with nitrogen, stopper, shake vig- 
orously for about two minutes, and let stand till 
the larers separate completely, fi\e minutes usu- 
.illy sufiices Add a few drops of water if the 
boundary is not clearly \isible 

Washing. — Discard the aqueous Ia\ er leaving one 
drop above the stopcock Add 00 ml distilled water, 
swirl gently, and wait till the larcrs sep irate coin- 
plctclv Discard the water, add another .V) ml of 


' This tteiKht shciuM not ciccctj 1 2 Gin 
* No irrca^c is empIo>ctj the stopcoeJeS (I mm 
lubncatcd with water cinj>. 


V^re) arc 


water, displace the air with nitrogen, close, and 
gently tumble the funnel Repeat this trcatmciit 
two more times, shaking a little more vigorously 
Discard the water layers 

Dilution. — Transfer the entire ethyl ether extract 
to a 250-ml amber volumetric flask, rinsing the sepa- 
rator several times w ith small portions of ethyl ether 
and collecting them in the flask, and bring to mark 
with other Subdilute with isopropyl alcohol The 
final concentration of ether in the niLasiircd solu- 
tion should not exceed 5% This solution should con- 
tain between 10 and 15 units of vitamin per ml 

Measurement. — Measure the absorb.iiice at the 
following wavelengths four times each, using a suit- 
able spectrophotometer. 310 iiig, 325 nip. 331 nip 
Average the values for each w.ivelcngth and (iroccid 
with the calculation 

Calculate using the follow iiig expression ; 

R(l%, 1 cm ), (32.5 mp) = X \ 

where E = average abs irb.ince .it 325 mp. V ~ 
calculated fiii.il volume containing IF (grams) of 
sample, in ml , IF = weight of s.imple in gr.inis, 
and i = path length in cm 

Correction for irrelcveiit absorption' ealciil ite 
according to U S P XV ( 1 ) 

A(3i,TOrr) = 0 815(Aj-, ) — 2 .1.55 (/Ijio) — 

1.200 (/ha) 

111 the case of oils coiil.immg fl c.irotcne tin \ol- 
uine of isoprop>l alcohol added to dissoKe the ei 
tamin .\ and separate it from the p c.irotciu is in- 
creased b> the oil present This vohiine ehnige 
must be corrected for as follows' Fc =" 20 -1- At, 
AF = weight of simple in grams X I 10, ~ 

eoliiine corrected, I 10 = the men e-e of tin tolumi 
of 20 ml of isojiropt I aleoliol [u r 1 Gm of oil lon- 
taining carotene .iiul rit.imili as obt, lined from 
the cxperiiiiLiit.ill} determined sir. light hue v.hiih 
passed through the origin. 
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Table II — U. S P XY vs. S. W. E. Dry Vitaotn A Pellets'' 


nple 

. U S P 

E a% 

I cm ) 

XV . 

F (MS)S 

£71%.^ 

I cm ) 

E 

1 

204 7 

0 9849 

204 8 

0 9688 


206 0 

1 0045 

210 4 

0 9982 


Av 205 4 

0 9947 

207 6 

0 9835 

2 

200 8 

0 9415 

199 3 

0 9408 


199 2 

0 9135 

200 1 

0 9492 


Av 200 0 

0 9275 

199 7 

0 9450 

3 

195 6 

1 0031 

199 1 

0 9877 


192 8 

1 0003 

199 6 

0 9800 


Av 194 2 

1 0017 

199 4 

0 9839 

4 

205 6 

1 0129 

204 5 

0 9828 


203 3 

1 0171 

205 4 

0 9786 


Av 204 5 

1 0150 

205 0 

0 9807 

5 

216 1 

0 9702 

214 6 

0 9541 


212 9 

0 9847 

210 0 

0 9011 


Av. 214 9 

0 9772 

212 3 

0 9576 

0 

215 7 

0 9415 

214 9 

0 9205 

215 0 

0 9534 

216 2 

0 9492 


Av 215 4 

0 9475 

215 6 

0 9349 

7 

213 7 

0 9902 

215 7 

0 9807 

216 1 

0 9882 

205 4 

1 0213 


Av 214 9 

0 9892 

210 6 

1 0010 

8 

210 2 

1 0003 

210 6 

0 9723 


206 S 

0 9660 

212 6 

0 9807 


Av. 208 5 

0 9832 

211 6 

0 9765 

9 

216 5 

1 0038 

213 1 

0 9691 


214 1 

0 9909 

199 3 

0 9827 


Av 215 3 

0 9974 

206 2 

0 9759 

10 

202 7 

0 9575 

213 4 

0 9664 


208 2 

0 9357 

212 4 

0 9030 


Av. 205 6 

0 9466 

212 9 

0 9347 

11 

209 9 

0 9486 

213 3 

0 9309 


209 6 

0 9337 

215 8 

0 9323 


Av 209 8 

0 9412 

214 6 

0 9316 


Sample 

. U S P 

E (1%. 

I cm ) 

XV . 

F (MSlli 

. S W 

£1%. 

1 cm ) 

E • 

F tMS)6 

12 

206 3 

0 9364 

209 7 

0 9521 

203 0 

0 9228 

210 7 

0 9166 


Av. 204 7 

0 9296 

210.2 

0 9344 

13 

210 5 

0 9159 

212 1 

0 9589 

212 S 

0 9228 

212 7 

0 9377 


Av. 211 7 

0 9194 

212 4 

0 9483 

14 

215 4 

0 9596 

222 9 

0 9488 

211 6 

0 9534 

223 7 

0 9228 


Av. 213 5 

0 9517 

223 3 

0 9357 

15 

211 2 

0 9950 

215 9 

0 9670 

211 1 

0 9534 

204 8 

0 9589 


Av. 211 2 

0 9742 

210 4 

0 9630 

16 

209 2 

0.9493 

209 9 

0 9875 


210 5 

0 9561 

203 5 

1 0148 


Av. 209 9 

0 9527 

206 7 

1 0012 

17 

211 2 

1 0058 

202 9 

0 9889 


212 8 

1 0079 

205 7 

0 9834 


Av 212 0 

1.0069 

204.3 

0 9862 

IS 

205 7 

0 9282 

215 4 

1 0040 


207 1 

0.9405 

215 7 

0 9507 


Av. 206 4 

0 9344 

215 6 

0 9774 

19 

218 1 

0 9759 

221 1 

0 9759 


201 3 

0 9317 

223 7 

0 9602 


Av. 209 7 

0 9538 

222 4 

0 9680 

20 

222 6 

0 9923 

222 8 

1 0180 


222 0 

1 0093 

211 2 

0 9609 


Av. 222 3 

1.0008 

217 0 

0 9894 

21 

210 4 

0 9820 

223 8 

0 9596 


211 0 

1 0209 

224 4 

0 9848 


Av 210 7 

1 0015 

224 1 

0 9722 

22 

208 2 

1 0395 

199 2 

0 9912 


208 7 

1 0269 

200 6 

1 0206 


Av 208 5 

1 0332 

199 9 

1 0059 


" Duplicate measurements on 22 lots of vitamin A pellets as analyzed in Laboratory No I ^ See footnotea Table I 


EXPERIMENTAL 

Apparatus. — Of tlie Beckman DU spectropho- 
tometers used, one was equipped with a photomulti- 
plier detector and another was equipped with a con- 
ventional photocell In order to obtain greater 
source stability, our hydrogen lamp power supply 
units are fed from a 1 K\'A Sola constant voltage 
transformer 

The importance of wavelength calibration cannot 
be overemphasized and particular care is taken in 
checking the calibration of our instruments and 
adjusting the scale. A mercury discharge lamp 
(supplied by the instrument manufacturer) is 
used to check periodically our wavelength settings. 

The follow ing is a tj-pical control run 


Known 





Jfercun* 


Afcrcuri' Lines. Tound 


Lines niM 

r>2C5° 

50G 


113907“ 

2.53 05 

253 79 

253 70 

253 74 

253 68 

289 30 

289 49 

289 50 

289 45 

289 25 

312 57 

312 07 

312 62 

312 77 

312 54 

313 15 

313 33 

313 29 

313 23 

313 15 

334 15 

334 05 

334 13 

334 13 

334 14 


" Inslnmicnts u'tcd jn tins studj 


Ain* Dot.ibJc from ilic cApected ivave- 

length is corrected for by following the directions 
supplied by the manufacturer 


Table III — Comparison of Results by Single 
Extraction (S \V E.) and U. S P. XV Method 


< 1.03^ 

U^S "p 'xv samples) = 1.001 

Standard Deviation = ±4%, the magnitude of 
which IS determined by the larger error of the 
U. S P method. 


Instrument Settings. — Inaccurate instrument set- 
tings can be disastrous in this analysis and special 
care must be exercised in setting the wavelengths 
accurately. The slit settings are of great importance 
and care must be taken with this setting, too. It is 
for that reason, as well as slight source instability, 
that it is recommended that each reading be taken 
four times and the average of the four readings used 
ill the subsequent calculations -Any value which 
deviates more tlian 2% from the other values is 
omitted and fmthcr checks are made to substan- 
tiate the value. 

A typical slit program is as follows: 310 mp 
0 22 mm.; 325 in^i, 0 20 mm ; 334 ni/i, 0 IS mm. 

Calibration of Density Readings.— A solution con- 
mining 20 220 ing of Bureau of Standards potassium 
dichroraatc, dried at 140° to constant weight, in 1,000 
ml of 0 05 A' potassium hydroxide was prepared a 


High purity Vitamin A ^0.97 < 
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is followed by a simple distillation through a 1 -me- 
ter glass helix column at the rate of one gallon per 
daj'. This treatment produces a solvent of adequate 
spectral puritj'. 

Glassware. — All glassware used, except for the 
pipets, is amber, light-resistant. Careful cleaning is 
essential. The cleaning procedure recommended is 
as follows; Rinsing with tap water; soaking in a 
Calgonite bath overnight; rinsing with tap water; 
shaking each piece with concentrated chromic acid 
solution ; and rinsing with tap water, followed 63 ’ dis- 
tilled water until all the acid is rinsed out. (At 
least 5 rinsings of each.) 


Balance. — Periodic checks on the balance and 
weights are performed b>- using standardized Bureau 
of Standards weights. 
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Ethylene Oxide Sterilization of Spores in 
Hygroscopic Environments* 

By JOHN B. OPFELL, JOHN P. HOHMANN, and ARTHUR B. LATHAM 


Bacillui globigii spores were exposed to ethyl- 
ene oxide after being dried on several types 
of surfaces. The viability tests, after exposure, 
showed significant effects were produced by 
the presence of the hygroscopic substances, 
glycerin, and filter paper. Absence of hygro- 
scopic substances appeared to increase the 
resistance of B, ghhigii scores to gaseous 
ethylene oxide sterilization. 

VSTTater VAPOR is a factor in ethylene oxide 
sterilization. Some writers (1, 10, 20) 
contend that moisture improves the effectiveness 
whereas others (G-9, 12, 13) have observed the 
contrary. Methods (5, 11, 14, 20) of inoculating 
objects to be sterilized have differed among the 
several investigations. The effect of the inocu- 
lation method on the evaluation of the sterili- 
zation process was studied. The results of tliis 
study suggest a possible explanation for the con- 
tradictory observations. 

For more than twenty years ethylene oxide has 
been used to sterilize temperature-sensitive medi- 
cal equipment. Several investigations of proc- 
essing conditions have been made. Grundy and 
co-ivorkers (11) found etliylenc oxide sterilized 
inoculums of 20,000 spores on filter paper in two 
hours at 26.7°. The concentration of ethylene 
oxide used was 1,250 mg. per liter. The imme- 
diate environment of the spore contained lactose 
as well as filter paper. Lloyd and Thompson 
(14) reported that two hours at 55° in 1,000 mg. 
per liter of ethylene oxide were sufficient to steri- 
lize 10' B. globigii, 5 X 10' Cl. sporogciies, and 
10' B. stcarothcrmophilus spores on filter paper 
strips when the relative humidity of the ethylene 

* Received May IS, 1959. from the Cutter Laboratories, 
Ilerkelcy 10, C.abf, 

Tbc autbors ni.li to acVnoKlcdge the help of Dr, Thomas 
U . Green. 


oxide was between 30 and 50 per cent, Eisman 
(5) showed that ethj’Iene oxide does not com- 
pleteljr penetrate large masses of clothing. This 
is perhaps not too surprising ivhen one considers 
the mass of absorbed water in clothing which has 
not been desiccated. At 30°, 3vater as a liquid 
can absorb as much as 0.4 Gm. (15) of ethylene 
oxide per Gm. of water. Hall (6-9) claims that 
spices are easier to sterilize when they are drjb 
The extent of drying necessary was not specified. 
The experiment to be described 3vas motivated by 
observing that ivashed B. globigii spores in large 
inoculums desiccated on polystyrene could not be 
inactivated by a process which sterilized these 
spores dried on filter paper. 

The standards for evaluating sterilization are 
described in the current edition of the "United 
States Pharmacopeia” (19). Meaningful steril- 
itj' tests must conform to these standards. In 
addition, sterility tests are meaningful only when 
the test organism is specified and is used under 
defined conditions. As the test organism, most 
investigations (5, 11, 14, 17, 20) have used spores 
of Bacillus sublilis var. 7tiger strain B. globigii 
(ATCC 9372) (3). This organism was used in the 
experiment to be described. This spore is not 
necessarily the one most resistant (5) to ethyl- 
ene o.xide e.xposure under all conditions. 

The number of cells in the inoculum and the 
method of applying the inoculum to the test ob- 
ject are important factors in evaluating a sterili- 
zation process. The appropriate number of cells 
which should be used depends on the number 
which might occur naturally on the object. The 
resistance of an inoculum measured b3' the period 
of exposure required to render the object sterile. 
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depends on the size of the inoculum. For exam- 
ple, assume that the probability tliat a spore se- 
lected at random from the inoculum would sur- 
vive an exposure of t minutes under specified 
processing conditions is: 

p = (Eq. 1) 

(The constant k has units of reciprocal minutes.) 
One can show that the probability of failing to 
sterilize the object after an exposure of / minutes 
under tlie same processing conditions is approxi- 
mately 

p = A>-‘' (Eq. 2) 

for large exposure times. The number of spores 
in the inoculum is N. To reduce the probability 
of failing to sterilize to a very low level, either the 
size of the inoculum must be reduced or the ex- 
posure lime must be sufficiently increased. Equa- 
tions 1 and 2 have been amply confirmed (2, J , 20) 
for both ethylene oxide and steam sterilization. 
In practice, A’ cannot be reduced below the maxi- 
mum microorganism population which might nat- 
urally inhabit the object. Because microorgan- 
isms have finite volumes, N cannot be infinitely 
large. Usually A' is chosen (11, 14) sufficiently 
large to include an ample safety factor over the 
natural population size observed to exist in repre- 
sentative samples of similar objects. 

Some ex-perimenters (5, 20) have used suspen- 
sions of spores deposited and dried on the surface 
to be sterilized. Others have used small pieces 
of paper (1 1) or fabric (20) which have been inocu- 
lated with spore suspensions and dried before in- 
sertion into containers to be sterilized. Still 
others have dried suspensions of spores in starch 
paste or physiological saline, lactose, or glycerine 
solution on the surface to be inoculated. 

Variations in method of inoculating surfaces to 
be used in proving sterilization have been signifi- 
cant. The effect of such variations was measured 
in the experiment to be described. To the extent 
possible, the size of the inoculum was uniform and 
the ethylene oxide concentration was varied in a 
svstemalic manner. 

METHODS 

The inside surfaces of tulxrs one-fourth incli in in- 
tcnial diameter and seven-eighths inch in length were 
inoculated with B. Rlcbisii spores. Except for cate- 
gory B, described in Table I, tfie spores iverc dried 
from suspension in distilled water. The spores were 
u-ashed in distilled water before the final suspension 
was prepared to free them of hygroscopic and other 
substances which are not part of their innate stme- 
turc. In categorj- B the suspension contained 2'', 
glycerin U. S. P. In ctitegory C the spores were de- 
posited on the filter paper onI>-. The tulx.-s were 
inoculated with uniform volumes of the stock spore 


suspension. The number of viable sjiores recovered 
by a single rinse was determined by a plate-counting 
technique using a representative inoculated tube 
after it had dried for twenty-four hours in a 02 ° incu- 
bator. While the recovery of s^iores in categories B, 
C, and D was roughly the same, relatively fewer 
were recovered when dried on polystyrene from .sus- 
pension in distilled water. 

For each concentration of ethylene oxide shown in 
Tabic I the indicated number of tubes representing 
each inoculation method were placed together in a 
200-ml. glass flask immersed in an air bath thermo- 
stat. After evacuation with an oil-sealed mechani- 
cal pump, the indicated amount of dry pure ethylene 
oxide vapor was admitted to the fla.sk. The con- 
centration was computed from the measured iire.ssure 
in the flask at 27°, the temperature of the air b.ith 
after the system had reached equilibrium Equil- 
ibrium was attained in a matter of a very few min- 
utes. The ethylene oxide was left in contact with 
the inoculated tubes for seventeen hours at .’IT ± 
1° before it was removed by evacuation and rejilaced 
with air filtered through a sterile cotton filter. 

Each of the treated tubes was tested for sterility 
using procedures described in the "United Slates 
Pharmacopeia” (IP). Each was placed in a test 
tube containing -10 ml, of fluid thioglycollate medium 
and incubated there for seven days at ,'12°. In every 
experiment two untreated but inoculafed controls 
from category D were combined with two iiolysty- 
rcnc tubes, which had not been inoeulated, in ten ml. 
of the medium, The two polystyrene tubes were ex- 
posed to the ethylene oxide with the treated tubes 
In each case the control test demonstrated the (ires- 
ence of viable B. spores. These tests were 

performed to show that the amount of eth.vlene o.xide 
absorbed by each of the tubes was insuri'icient to sti])- 
press B. globinii proliferation in the inetlimn. 

RESULTS 

Table 1 shows the ratio of the number of tubes 
which showed no growth of B. glnbigii in the fluid 
thioglycollate medium to the total number treated 
The number of viable spores recovered from a 
represcnt.'ttive sample tube prior to treatment is 
shown next to the test result. 

The effect of the two-fold variation in ethylene 
oxide concentration was negligible What effect 
there was indicated the higher concentrations to 
I>c more efficacious. Xo attcmiit was made to 
control the humidity in the glass flask other than 
to use pure ethylene oxide vapor and to use standard- 
ized amounts of the hygroscopic materials. 

Because of the identical treatment for each of the 
four categories, the fractions of success in steriliz.i- 
tion may be compared among the categories 
Confidence intervals (PP'.f), based on the hiaoniial 
distribution for each of the four categories, uere 
calculated for the fraction of the tiilK-- sterilized 
In Table I these confidence intervals (Bi) indicate 
that the differences observed in the efTeet of ethylene 
oxide on B. ginbigii spores in cases B and C were 
significantly greater than tho-e in cases .\ and It 
Such differences could hardl.v Ik- ascrilx-d to ehanei- 

One might speculate on the cause for such great 
differences. Both glycerin and paper ab orb 
large quantities of water vainir in comiiari-on with 
polystyrene and clean gl.iss Even in the environ- 
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Table I.— Effect of Inoculation Method on Evaluation 


/ Treatment- 


Absolute 

Concen- 
tration of 

Pressure, 

Ethylene 

m. of 

Oxide, 

Mercury 

mg./liter 

17.24 

996 

15.90 

920 

15.41 

892 

15.25 

883 

15.14 

876 

15.00 

868 

14.43 

835 

14,08 

815 

13.59 

787 

13,48 

780 

13 07 

756 

12.96 

750 

12.96 

750 

12.95 

749 

12,61 

730 

12.37 

716 

11.25 

650 

9.09 

525 

Totals 

Confidence interval 

(99%) 



, -A 

Polystyrene-Distilled 

Water” 


Sterile/ 

Spores 

Recov- 

ered 

Treated 

1,000*8 

o/lO 

400 

1/10 

200 

9/9 

200 

5/5 

3 

,3/5 

100 

1/5 

40 

.8/10 

100 

3/10 

50 

4/10 

50 

2/10 

100 

3/10 

400 

3/10 

500 

4/10 

1000 

0/10 

500 

5/10 

40 

0/10 

300 

4/10 

300 

6/10 

100 

66/164 



0.30 to 0.50 


B- 

Pol j*styrene-2 % 
Glycerin 6 


Sterile/ 

Spores 

Recov- 

ered 

Treated 

1.000's 

10/10 

400 

8/10 

700 

10/10 

300 

5/5 

40 

5/5 

300 

5/5 

400 

10/10 

600 

10/10 

.500 

10/10 

300 

10/10 

300 

10/10 

400 

10/10 

700 

10/10 

3000 

9/10 

700 

10/10 

500 

0/10 

300 

10/10 

400 

10/10 

600 

152/165 



0.85 to 0.97 


c 

Filter Paper- 


Distilled 

Water‘d 

Spores 

Recov- 

Sterile/ 

ered. 

Treated 

1.000’s 

7/10 

600 

10/10 

60 

10/10 

400 

5/5 

40 

5/5 

500 

o/5 

400 

10/10 

600 

10/10 

300 

9/10 

5/10 

500 

300 

7/10 

500 

6/10 

700 

6/10 

2000 

10/10 

700 

10/10 

400 

0/10 

400 

9/10 

400 

9/10 

400 

131/165 



0.72 to 0.S8 


D 

Glass-Distilled 

Water<^ 


Sterile ' 

Spores 

Recov- 

ered. 

Treated 

1.000's 

5/10 

100 

1/10 

900 

10/10 

SOO 

3/4 

10 

0/5 

400 

2/5 

200 

0/10 

500 

3/10 

300 

7/10 

400 

1/10 

400 

.5/10 

400 

6/10 

700 

2/10 

2000 

5/10 

SOO 

2/10 

500 

0(10 

500 

9/10 

400 

10/10 

100 

77/164 



0.37 to 0.57 


-CaleRory- 


“ Distilled water svspension of spores was dried on the inside of polystyrene tubes. 

^ Two per cent Rlyccrin suspension of spores was dried on the inside of polystyrene tubes, 
c Distilled water suspension of spores was dried on filler paper which was inside polystyrene tubes. 
^ Distilled water suspension of spores was dried on the inside of glass tubes. 


ment of the 32° incubator, glycerin and paper can 
absorb appreciable moisture ( 18) wlien the ambient 
relative humidity is 30% or higlicr. The slow 
release of tliis moisture into the ettiylene oxide 
which is initially free of water vapor will maintain 
high relative liumidity in the vicinity of the spore, 
for at least a portion of the exposure to ethylene 
oxide. The amount of paper tiscd in each test 
(10 strips cacli wcigliing 10 mg.) was insufiicicnt to 
affect greatly the humidity of tlic ctliylenc oxide 
(15) remote from the paper. In a sterilizer con- 
taining a large quantity of ccllulosic materials, the 
liumidity of the ethylene oxide may be quite high 
after equilibrium is readied. This is particularly 
true if these materials were in equilibrium with Iiigli 
humidity air before entering the sterilizer. For 
sterilization, the amount of water vapor which must 
be added to tlic gas appears to depend on the 
amount of water absorbed by the materia! sup- 
porting the bacterial spore. Too niiicli absorbed 
moisture may strip the ctliyleiie oxide from the 
gas. Too little moisture in tlie gas may spare llic 
micronrganisiiis. 

l^ariatioiis in tiie i dative humidity in the vicinity 
of the sporc.s appear to liave a greater effect on tlie 
slcriiizatioii than do variations in the concentration 
of etliylcne oxide. These factors miglit have 
significance witli respect to the sterilization process 
as well as to mctliods of evaluation. 

SUMMARY 

Glycerin and/or filter paper in iinmcdiate con- 
tact with dried B. nhbipi spores reduced their re- 


sistance to ethylene oxide exposure significantly. 
In designing sterilization processes for nonhygro- 
scopic materials and in designing evaluation 
methods for sterilization of any material, these re- 
sults indicate how important truly representative 
inoculation techniques may be. 
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depends on the size of the inoculum. For exam- 
ple, assume that the probability that a spore se- 
lected at random from the inoculum would sur- 
vive an exposure of t minutes under specified 
processing conditions is ; 

P = (Eq. 1) 

(The constant k has units of reciprocal minutes ) 
One can show that tlie probability of failing to 
sterilize tlie object after an exposure of / minutes 
under the same processing conditions is appro.xi- 
mately 

P = AV-*' (Eq 2) 

for large exposure times. The number of spores 
in the inoculum is .V. To reduce the prnbability 
of failing to sterilize to a verr- low level, cither the 
size of the inoculum must be reduced or the ex- 
posure time must be sufficiently increased. Equa- 
tions 1 and 2 have been amply confirmed (2, 4. 20) 
for botli ethylene oxide and steam sterilization. 
In practice, .V cannot be reduced below the ma.xi- 
mum microorganism population which might nat- 
urally inhabit the object. Because microorgan- 
isms have finite volumes. -V cannot be infinitely 
large. Usually .V is cho.scn (11, 1-?) suffidcntly 
large to include an ample safety factor over the 
natural population size obscra-cd to exist in repre- 
sentative samples of similar objects. 

Some c.vperimenters (.5, 20) have used suspen- 
sions of spores deposited and dried on tlie surface 
to be sterilized. Others have used small pieces 
of paper (1 1) or fabric (20) which have been inocu- 
lated with spore suspensions and dried before in- 
sertion into containers to be sterilized. Still 
others have dried suspensions of spores in starch 
paste or ph>-siological saline, lactose, or glycerine 
solution on the surface to lx; inoculated. 

Variations in method of inoculating surfaces to 
be used in proving sterilization have been signifi- 
cant. The effect of sucli variations was measured 
in the experiment to be described. To the e.xtent 
possible, the size of the inoculum was uniform and 
the ethvlene oxide concentration was varied in a 
systematic manner. 

METHODS 

The inside surfaces of tubes one-fourtli inch in in- 
ternal diameter and seven-eighths incli in lengtli were 
inoculated irith B. globigii spores. E.xccpt forcate- 
gorj- B. described in Table I, tlie spores were dried 
from suspension in distilled ivater. The spores were 
trashed in distilled water before the final suspension 
tras prepared to free them of hygroscopic and other 
subsLances which are not part of their innate struc- 
ture. In category B the suspension contained 
glycerin U. S. P. In categorr- C the spores were de- 
posited on the filter paper only. The tubes were 
inoculated irith uniform volumes of the stock spore 


suspension. The number of viable spores recovered 
by a single rin.se iras deU-rmined by a plate-counting 
technique using a representative inoculated tube 
after it had dried for twenty-four hours in a .32" incu- 
bator. W hile the recoven- of spores in categories B. 
C, and D \ras roughly the same, relatively fewer 
tvere recovered when dried on polyst>-rene from sus- 
pension in distilled irater. 

For each concentration of ethylene o.xide shoivn in 
Table 1 the indicated number of tubes repre-senting 
each inoculation method were placed together in a 
200-mI. glass flask immersed in an air bath thermo- 
stat. After evacuation with an oil-sealed mechani- 
cal pump, tile indicated amount of dr>- p-ore ethylene 
oxide vapor iras admitted to the flask. The con- 
centration iras computed from the measured pressure 
in the flask at 3“°, the temperattu-e of the air bath 
after the system had reached equilibrium. Equil- 
ibrium iras attained in a matter of a ver>- few min- 
utes. The ethylene oxide was left in contact ivith 
the in'iculatcd tubes for seventeen hours at 37 = 

1 ' before it iras removed by evacuation and replaced 
with air filtert-d through a sterile cotton filter. 

Each of the treated tubes iras tested for stcrility 
using procedures described in the “United States 
Pharmacopeia” (IP). Each was placed in a test 
tube containing -10 ml. of fluid thioglycollate medium 
and incubated there for seven days at 32“. In everx- 
experiment two untreated but inoculated controls 
from categnrx- D were combined with tivo polysty- 
rene tubes, ii-hich had not been incaculated, in tea ml. 
of tlie medium. The two polystiTene tubes were ex- 
posed to the ethylene oxide with the treated tubes. 
In each case the control test demonstrated the pres- 
ence of viable B. spores. These tests were 

performed to show that the amount of ethylene oxide 
absorbed by each of the tubes iras insuflicient to sup- 
press B. g!cbi^i: preliferation in the medium. 

RESULTS 

Table I shows tlie ratio of the number of tubes 
which showed no groivth of B. glcb:;:: in the fliu'd 
thioglycollate medium to the total number treated. 
The number of viable spores recovered from a 
representative sample tube prior to treatment is 
shoivn next to the test result. 

The effect of the twofold rariation in ethylene 
oxide concentration iras negligible. What effect 
there iras indicated the higher concentrations to 
be more efficacious. Xo attempt was made to 
control tlie humidity in the glass flask other than 
to use pure ethylene oxide vapor and to use standard- 
ized amounts of the hygroscopic materials. 

Because of the identical treatment for each of the 
four categories, the fractions of success in steriliza- 
tion may be compared among the categories. 
Confidence intenals (PP'TJ). based on the binomial 
distribution for each of the four categories, were 
calculated for the fraction of tlie tubes sterilized. 

In Table I these confidence inten-als (16) indicate 
that the differences obseri ed in the effect of ethylene 
oxide on B. gfc^iciV spores in cases B and C ivere 
significantly greater than those in cases A and D. 
Such differences could hardly be ascribed to chance. 

One might speculate on the cause for such great 
differences. Both glycerin and paper absorb 
large quantities of water rapor in comparison with 
polysti-rene and clean glass. Even in the environ- 
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Table I —Effect of Inoculation Method on Evaluation 


T rcatraent- 


Absolute 

Concen 
tration of 

Pressure, 

Ethjlene 

m of 

Oxide, 

Mercury 

mg /liter 

17 24 

996 

15 90 

920 

15 41 

892 

15 25 

883 

15 14 

876 

15 00 

808 

14 43 

835 

14 08 

815 

13.59 

787 

13 48 

780 

13 07 

756 

12 96 

750 

12 90 

750 

12 95 

749 

12 61 

730 

12 37 

716 

11 25 

650 

9 09 

525 

Totals 

Confidence interval 

(99%) 



A 

Polystyrene Distilled 
Water® 


Sterile/ 

Spores 

Recov- 

ered 

Treated 

1.000’s 

5/10 

400 

1/10 

200 

9/9 

200 

5/5 

3 

3/5 

100 

1/5 

40 

8/10 

100 

3/10 

50 

4/10 

50 

2/10 

100 

3/10 

400 

3/10 

500 

4/10 

1000 

0/10 

500 

5/10 

40 

0/10 

300 

4/10 

300 

6/10 

100 

60/164 



0 30 to 0.50 


B 

Polystjrene 2% 
Gljcerio^ 


Stenie/ 

Spores 
Recoi - 
ered 

Treated 

1,000’s 

10/10 

400 

8/10 

700 

10/10 

300 

5/5 

40 

5/5 

300 

5/5 

400 

10/10 

COO 

10/10 

500 

10/10 

300 

10/10 

300 

10/10 

400 

10/10 

700 

10/10 

3000 

9/10 

700 

10/10 

500 

Q/IQ 

300 

10/10 

400 

10/10 

600 

152/165 



0.85 to 0 97 


C 

Filter Paper 
Distilled Water‘d 


Stenie/ 

Spores 
Reco\ - 
ered. 

Treated 

1.000's 

7/10 

600 

10/10 

60 

10/10 

400 

5/5 

40 

5/5 

500 

o/5 

400 

10/10 

GOO 

10/10 

300 

9/10 

500 

5/10 

300 

7/10 

500 

6/10 

700 

6/10 

2000 

10/10 

700 

10/10 

400 

0/10 

400 

9/10 

400 

9/10 

400 

131/165 



0 72 to 0 88 


D 

Glass Distilled 
Water** 


Stenie 

Spores 
Reco' - 
ered. 

Treated 

1.000’s 

5/10 

100 

1/10 

900 

10/10 

800 

3/4 

10 

0/5 

400 

2/5 

200 

6/10 

500 

3/10 

300 

7/10 

400 

1/10 

400 

.5/10 

400 

6/10 

700 

2/10 

2000 

5/10 

SOO 

2/10 

500 

0(10 

500 

9/10 

400 

10/10 

100 

77/164 



0.37 to 0 67 


-Calegori* 


® Distilled water sispension of spores was dried on the inside of polystyrene tubes 
T\\o per cent glyccnn suspension of spores was dried on the inside of polystyrene tubes 
c Distilled \Naler suspension of spores was dried on filter paper which was inside polystyrene tubes 
** Distilled water suspension of spores was dried on the inside of glass tubes 


ment of the 32° incubator, glycerin and paper can 
absorb appreciable moisture (18) wlien the ambient 
relative Immidity is 30% or higlicr The slow 
release of tliis moisture into the etliylene o\ide 
wliich is initially free of water vapor will maintain 
high relative humidity in tlie vicinity of the spore, 
for at least a portion of the exposure to ethylene 
o\ide The amount of paper used in each test 
(10 strips each weigliing 10 mg ) was insufTicicnt to 
aflect greatly the humidity of tlic etliylene oxide 
(15) remote from the paper In a sterilizer con- 
taining a large quantity of cellulosic materials, the 
humidity of tlie ctlijdene oxide may be quite high 
after equilibrium is readied This is particularly 
true if tlicsc materials were in equilibrium with high 
liimiiditv air before entering the sterilizer For 
sterilization, the amount of water vapor wliicli must 
be added to tlie gas appears to depend on tlie 
amount of iiatcr absorbed by tlie material sup- 
porting tlie bacterial spore Too mudi absorbed 
moisture may strip the etliylene oxide from the 
gas Too little moisture in the gas may spare the 
microorganisms 

Variations in tlie iclativc humidity in the vicinity 
of tile spores appear to liave a greater cfTcct on the 
sterilization tiian do variations in tlie concentration 
of etliylene oxide Tliese factors miglit Iiavc 
significance iiitli respect to tlie sterilization process 
as « cll as to metliods of evaluation 

SUMMARY 

Glycerin and or filter paper in iniinedialc con- 
tact witli dried B g/ofugii spores reduced their re- 


sistance to ethylene oxide exposure significantly 
In designing sterilization processes for nonhygro- 
scopic materials and in designing evaluation 
methods for sterilization of any material, these re- 
sults indicate how important truly representative 
inoculation techniques may be 
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depends on the size of the inoculum For exam- 
ple, assume that the probalidity that a spore sc 
lected at random from the inoculum would sur- 
vive an exposure of I minutes under specified 
processing conditions is 

(i = r““ (Eq I) 

(The constant I has units of reciprocal minutes ) 
One can show that the proh.ihihty of failing to 
sterilize the object after an exposure of t inimitcs 
under the same processing conditions is .ipproxi- 
inately 

I> = (Eq 2) 

for large exposure times '1 he number of spores 
111 the inoculum is N To reduce the [irobabilitj 
of failing to sterilize to a verx low lex cl, cither the 
size of the inoculum must bo reduced or the ex 
posure time must be siifficiciitli increased Eqiia 
tions J and 3 have been amply confirmed (3 t, 30) 
for both cthjlcnc oxide and steam sterilization 
III practice, .V cannot be reduced liclow the maxi 
mum microorganism iiopulation winch might iiat 
urally inhabit the object Because microorgan- 
isms haxc finite volumes, N cannot lie infiniteli 
large Usualh *Y is chosen (II, II) sufTicicntlj 
large to include an ample safcti factor oxer the 
natural population size obseri cd to exist m repre 
sentati ve samples of similar objects 

Some experimenters (5, 20) hate used suspen 
sions of spores dcjiosilcd and dried on the surface 
to be sterilized Others luxe used small pieces 
of paper (1 1) or fabric (20) which hax c been inocii 
lated with spore suspensions and dried before in 
sertioii into containers to be sterilized Still 
others hax’e dried suspensions of spores in starch 
paste or physiological saline, lactose or glycennc 
solution on the surface to be inoculated 

Variations m method of inoculating surfaces to 
be used in proving sterilization have been signifi 
cant The effect of such x anations xx as measured 
m the experiment to be described To the extent 
possible, the size of the inoculum xvas uniform and 
the ethylene oxide concentration xxas x'aricd in a 
systematic manner 

METHODS 

The inside surfaces of tubes one fourth inch in in- 
ternal diameter and seven-eighths inch in length xxcrc 
inoculated with B globigit spores Except for citc- 
gory B, described in Table I, the spores were dried 
from suspension in distilled water The spores were 
washed in distilled water before the final suspension 
was prepared to free them of hjgroscopic and other 
substances which are not part of their innate striic 
turc In categorj B the suspension contained 2/) 
glycerin U S P In categorj C the spores w ere de 
posited on the filter paper oiilj Tlie tubes xxere 
inoculated with uniform volumes of the stock spore 


suspension The number of viable spores recovered 
b> a single rinse was determined bj a plate counting 
technique using a representative inoculated tube 
after it h id dried for twentj -four hours 10 3 32° meu- 
b itor While the recoverj of spores m categories B, 
C, and D was roughly the same, relatixeix fewer 
were recovered when dried on poljstvrene from sus 
pension in distilled water 

For each concentration of ethjlenc oxide shown m 
Table I the indicated number of tubes representing 
each iiiocul itioii method were placed together in a 
200 ml gl iss flask immersed m an air bath thermo 
stal Vfter evacuation with an oil sealed mcchani 
cal pump, the indicated amount of drv pureethvlenc 
oxide vapor was admitted to the flask The con 
ceiitration was computed from the measured pressure 
111 the flask at 37°, the temperature of the air bath 
after the svstem had reaehed equilibrium Equil 
ibriuin was attained in a matter of a verv few mm 
utes The ethvlcne oxide was left m eontaet with 
the mociikited tubes for seventeen hours at 37 ± 
1° before it was removed bv evaeiiatun and replaced 
with air filtered through a sterile cotton filter 

Each of the treated tubes was tested for sterihtv 
using procedures described m the ' United States 
Pharmacopci i" (10) Each was placed in a test 
tube emit lining 40 ml of fluid thiogU collate medium 
aiidincubited there for seven davs at 32° Ineverv 
experiment two untreated but inoculated controls 
from categorv D were combined with two polvstv 
rtne tubes, which had not been inoculated, in ten ml 
of the medium The two polvstv rene tubes were ex 
posed to the cthvlcnc oxide with the treated tubes 
In each case the control test demonstrated the pres 
ciice of viible B g/obigit spores These tests were 
performed to show that the amount of ethv lene oxide 
absorbed bv each of the tubes was iiisufiicient to sup 
press B globign proliferation m the medium 

RESULTS 

Table I shows the ratio of the number of tubes 
which showed no growth of B globigit in the fluid 
thioglj collate inednim to the total number treated 
The number of viable spores recovered from a 
representative sample tube prior to treatment is 
show II next to the test result 

The effect of the two fold variation m ethxlcne 
oxide concentration was negligible What effect 
there was indicated the higher concentrations to 
be more efllcacions No attempt was made to 
control the humiditv in the glass flask other than 
to use pure ethx Icnc oxide x apor and to use standard 
ized amounts of the In groscopic materials 

Because of the identical treatment for each of the 
four categories, the fractions of success in sterihza 
tion max be compared among the categories 
Confidence intervals (99%), based on the binomial 
distribution for each of the four categories, were 
calculated tor the fraction of the tubes sterilized 
In Table I these confidence intervals (16) indicate 
that the diflerenccs observ ed in the effect of ethv lene 
oxide on B globigii spores in cases B and C were 
sigmficantlv greater tlian those in cases V and D 
Such differences could hardiv be ascribed to chance 

One might speculate on the cause for such great 
dilTercnces Both glvcenn and paper absorb 
large quantities of water vapor in comparison with 
polv stj rene and clean glass Ex en in the enx iron 
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Table I.— Effect of Inoculation Method on Evaluation 


. Treatment- 


Absolute 

Concen 
tration of 

Pressure 

Ethjlene 

in of 

Oxide, 

Mercury 

mg /liter 

17 24 

99G 

15 90 

920 

15 41 

892 

15 25 

883 

15 14 

876 

15 00 

808 

14 43 

835 

14 08 

815 

13 59 

787 

13 48 

780 

13 07 

756 

12 96 

750 

12 96 

750 

12 95 

749 

12 01 

730 

12 37 

710 

11 25 

650 

9 09 

525 

Totals 

Confidence interval 

(99%) 



Polystyrene Distilled 
Water® 


Stenle/ 

Spores 
Reco\ - 
ered 

Treated 

1,000's 

5/10 

400 

1/10 

200 

9/9 

200 

5/5 

3 

3/5 

100 

1/5 

40 

8/10 

100 

3/10 

50 

4/10 

50 

2/10 

100 

3/10 

400 

3/10 

500 

4/10 

1000 

0/10 

500 

5/10 

40 

0/10 

300 

4/10 

300 

6/10 

100 

66/164 



0 30 to 0 50 


B- 

Polystjrcne 2% 
Glycerin^ 


Sterile/ 

Spores 

Recov 

ered 

Treated 

1.000's 

10/10 

400 

8/10 

700 

10/10 

300 

5/5 

40 

5/5 

300 

5/5 

400 

10/10 

600 

10/10 

500 

10/10 

300 

10/10 

300 

10/10 

400 

10/10 

700 

10/10 

3000 

9/10 

700 

10/10 

500 

0/10 

300 

10/10 

400 

10/10 

600 

152/165 



0,85 to 0 97 


c 

Filter Paper 
Distilled Water® 


Stenle/ 

Spores 

Recov 

ered 

Treated 

1.000’s 

7/10 

600 

10/10 

60 

10/10 

400 

5/5 

40 

5/5 

500 

3/5 

400 

10/10 

600 

10/10 

300 

9/10 

500 

5/10 

300 

7/10 

50Q 

6/10 

700 

6/10 

2000 

10/10 

700 

10/10 

400 

0/10 

400 

9/10 

400 

9/10 

400 

131/165 



0 72 to 0 88 


-D 

Glass Distilled 
Water‘d 


Sterile/ 

Spores 
Recov - 
ered. 

Treated 

1,000’s 

5/10 

100 

1/10 

900 

10/10 

800 

3/4 

10 

0/5 

400 

2/5 

200 

6/10 

500 

3/10 

300 

7/10 

400 

1/10 

400 

5/10 

400 

6/10 

700 

2/10 

2000 

5/10 

800 

2/10 

500 

0/10 

500 

9/10 

400 

10/10 

100 

77/164 



0.37 to 0 57 


-Category 


" Di‘;tilled r.oter srspension of spores was dried on the inside of polystyrene tubes 
ti T wo per cent gljcenn suspension of spores was dried on the inside of polystyrene tubes 
e Distilled water suspension of spores was dned on fitter paper which was inside polystyrene tubes 
If Distilled water suspension of spores was dried on the inside of glass tubes 


ment ot the 32° incubator, glycerin and paper can 
absorb appreciable moisture (18) when the ambient 
relative humidity is 30% or higher The slow 
release of this moisture into the ethylene ovide 
which 13 initially free of water vapor will maintain 
high relative humidity in the vicinity of the spore, 
for at least a portion of the exposure to ethylene 
oxide The amount of paper used in each test 
(10 strips each weighing 10 mg ) was insuffieient to 
affect greatly the humidity of the ethylene oxide 
(15) remote from the paper In a sterilizer con- 
taining a large quantity' of cellulosic materials, the 
humidity of the ethylene oxide may be quite high 
after equilibrium is reached This is particularly 
true if these materials were in equilibrium with high 
humidity air before entering the sterilizer For 
sterilization, the amount of water vapor which must 
be added to the gas appears to depend on the 
amount of water absorbed by the material sup- 
porting the bacterial spore Too much absorbed 
moisture may strip the ethylene oxide from the 
gas Too little moisture in the gas may spare the 
microorganisms 

Variations in the i dative humidity in the vicinity 
of the spores appear to have a greater effeet on the 
sterilization than do variations in the concentration 
of ethylene oxide These factors might have 
significance with respect to the sterilization process 
as well as to methods of evaluation 

SUMMARY 

Glycerin and/or filter paper in immediate con- 
tact with dried B globigii spores reduced their re- 


sistance to ethylene oxide exposure significantly 
In designing sterilization processes for nonhygro- 
scopic materials and in designing evaluation 
methods for sterilization of any material, these re- 
sults indicate how important truly representative 
inoculation techniques may be. 
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Esters of Erythromycin IV 

Alkyl Sulfate Salts 

By V. C. STEPHENS, I. W. CONINE, and H. W. MURPHY 


The alkyl sulfate salts of various erythromy- 
cin* esters were prepared by esterification of 
erythromycin followed by a double decompo- 
sition salt formation. These compounds, and 
in particular propionyl erythromycin lauryl 
sulfate, are virtually tasteless and are un- 
affected by mixing with gastric acid. These 
properties render them very useful in the 
preparation of flavored suspensions. 

"Ti^ANV SALTS of erytliromycin have been 
extensively evaluated and a number of 
them are used coinincrcially The esters of erv- 
throinycin, while somewhat weaker bases than 
the parent antibiotic, form stable salts with rela- 
tively strong acids, as was previously reported 
(I) The long chain fatty acids, such as oleic 
and stearic acid, which have been employed to 
modify the taste of crytliromvcin, do not form 
stable salts with erythromycin esters. 

In the last paper of this series (2) it was shown 
that propionj'l- erythromycin’, when ingested by 
fasting patients, produces antibiotic levels in the 
blood which arc greatly superior to those pro- 
duced by erythromycin itself. The utilization of 
this more effective compound in otiicr forms of 
oral medication besides capsules is of great im- 
portance In particular, a flavored suspension 
could be used advantageously in many patients 
who find it difficult or impossible to swallow a 
capsule. 

The formulation of propionyl erythromycin 
into such a flavored suspension has been com- 
plicated by two of its characteristics, (n) Al- 
though dry propionyl erythromycin has only a 
faintly bitter taste, its flavor in an aqueous sus- 
pension is very unpleasant; and (i) The exposure 
of propionyl erythromycin, like erythromycin 
itself, to gastric juice results in a rapid loss in 
antibiotic activity. 

In view of this acid instability of propionyl 
erythromycin, one can explain its high degree of 
effectiveness in capsule form by assuming that 
while the capsule will normally disintegrate with- 

* Received August 21, 10'>9, from the Pharmaceutical Re 
search Dept , Eh Lilly and Co , Indianapolis fl, Ind 

Presented to the Scientific Section, A Pii A , Cincinnati 
meeting, August, 1959 

> Ilotycin IS the Lilly trade name for erythromjcin 
The authors uish to express their appreciation to the \ari- 
ous members of Eh Lilly and Co who have aided and coop- 
erated in obtaining the data reported 

* While an “ate’* ending is commonly employed for both 
esters and salts, in this paper the ester group uill be named 
as a prefix and the salt as a sufTix, i e , propionyl erythromy 
cm acetate rather than erythromycin propionate acetate 

* Ilosone IS the Lilly trade name for propionyl erythromycin 
ester. 


in the stomach, the contents are largely pro- 
tected by a ver>' low wettability until they have 
passed into the intestine. Lower antibiotic blood 
levels arc obtained when propionyl erj'thromycin 
is given with food than when it is administered 
orally to fasting patients. When a wetting agent 
is added to the contents of the capsule a markedly 
lower level is also produced^ (Fig. 1). A flavored 
suspension would be completely rvet before in- 
gestion and w'ould thus provide a maximum op- 
portunity for contact with the gastric contents 
We have prepared and evaluated a number of 
salts of [propionyl erythromycin and other 
crj-thromycin esters Of the various salt types 
tested, the alkyl sulfate salts, such as propionyl 
crj’thromycin lauryl sulfate’ (PELS), have been 
found to be very useful, especially in the prepara- 
tion of flavored suspensions 



MoiJfl 

Fig 1 —Crossover blood levels of 10 fasting sub- 
jects. 250-nig dose in capsules Solid line, propionyl 
cr\ tliromycm, broken line, propionjl erythromjein 
plus o% polyo\ycth> Icne sorbitan raonooleate 

The chemical structure of PELS is given in 
Fig. 2. Table I contains a brief summary of the 
alkyl sulfate salts wdiich were prepared and 
evaluated. Since they are similar in properties, 
only PELS will be discussed in detail. PELS is 
easily prepared from erythromycin bj^ esterifica- 
tion followed by a double decomposition reaction 
with sodium lauryl sulfate to form the salt The 
method of preparation is outlined in the experi- 
mental section of this report All of the other 
salts listed in Table I were prepared b 3 ' the same 
general method The melting points are not 
given since all of the compounds melt, with 
decomposition, at about the same point The 
exact point of decomposition is somewhat de- 

* The blood le\els reported were obtained from Dr R S 
Gnfnth of the Lilly Clinical Research Laboratories 

* Ilosone Lauryl Sulfate is the Lilly trade name for pro 
pionyl erythromycin ester lauryl sulfate 
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Table I. — Physical Characteristics of Alkyl Sulfates 


Assays Erythromycin 

Theory.® SO*. 


X 

Y 

meg./ms 

Chem 

Biol 

Theory ** 

Found 

Acetyl 

Lauryl 

680 

664 

675 

8 9 

8 8 

Propionyl 

Lauryl 

674 

650 

639 

8 8 

8 7 

.4,crylyl 

Lauryl 

675 

623 

680 

8 8 

8 7 

Crotonyl 

Lauryl 

669 

593 

416 

8 7 

8 9 

n-Butyryl 

Lauryl 

666 

597 

635 

8 7 

8 8 

Methoxyacetyl 

Lauryl 

665 

637 

673 

8 6 

S 4 

7i-Valeryl 

Lauryl 

657 

598 

635 

S 6 

8 5 

Iso-Yaleryl 

Lauryl 

657 

602 

562 

8 6 

8 2 

Ethyl carbonyl 

Lauryl 

665 

664 

60S 

8 7 

8 5 

Ethyl succinyl 

Lauryl 

630 

554 

548 

8.2 

S 7 

Propionyl 

Octyl 

714 

676 

680 

9 3 

9 7 

Propionyl 

2-Ethyl hexyl 

714 

721 

722 

9 3 

9 0 

Propionyl 

TetradecyP 

657 

636 

646 

8 6 

8 5 

Propionyl 

Heptadecj’l' 

630 

562 

572 

8.2 

8 5 

Propionyl 

Stearj’l 

624 

613 

670 

8 1 

8 2 

Chloroacetyl 

Lauryl 

661 

648 


3 19'“ 

3 04 

a-Chloropropionyl 

Lauryl 

655 

605 


3 12“' 

2 70 


® Theoretical values are corrected for about 3% moisture content 
6 2-Methyl-7-ethyl undecyl-4-sulfate. 

^ 3.9-Diethyl tridecyl-C-sulfate 

d Chlorine analyses Theoretical content corrected for moisture. 



Fig. 2— Structure of acyl crj-thromycin alkyl 

O 

/ 

sulfates. For PELS, X is CH5CH5C — ; and Y is 
C12H25. 

pendent on tlie rate of heating. PELS melts, 
with decomposition, between 135-140°. 

PELS labeled with was prepared as outlined 
in the experimental section in about 90 per cent 
yield. 

Tlie water solubility of PELS is extremely low. 
By the usual physiochcmical measurements, 
only an approximate water solubility could be 
obtained. By assaying a saturated aqueous 
solution for erj’thromycin content by the ultra- 
violet method commonly employed (3), the water 
solubility was found to be about 0.024 mg. per 
cc. This is approximately one-twelfth the solu- 
bility of propionyl erythromycin and one-fortieth 
that of erythromycin. With this very low solu- 
bility it is not surprising that the compound is 
substantially tasteless. PELS can be readily 
fonnulated into a pleasantly flavored aqueous 
suspension. 

As was previously mentioned, when propionyl 
erythromycin and cr>’thromycin are mixed with 


pooled human gastric juice they dissolve and their 
antibiotic actiYuty is quickly lost. Salts of car- 
boxylic acids, even though they arc water in- 
soluble, behave similarly. The strong acid of 
gastric juice liberates the free carboxylic acid and 
dissolves the antibiotic as the soluble hydro- 
chloride salt. PELS, however, is a salt of a very 
strong acid (lauiyl sulfuric acid). The gastric 
acid is not strong enough to displace the acid 
radical of the salt and, when mixed with gastric 
juice, it remains undissolved and retains its po- 
tency even when exposed to the acid for extended 
periods (Table II). The blood levels produced 


Table II. — Gastric Juice Stabilities 


Compound 

Exposure 

Time, 

mtn 

Activity 
Retained 
nl37®. Tr 

ErYthroinvcin” 

5 

3.5 

Etlivl carboiiv! erYthroinvcin" 

5 

0 t 

Ervthromvcin stearate" 

0 

2 

Propionvl ervthromvcin' 

5 

5 4 

Propionyl crytliromycin 
saccharinatc' 

15 

10 

Propionyl erythromycin 
lauryl sulfate'^ 

40 

97.3 


” pH I 28 !• pH 1 10 


by PELS are not significantly difTcrent in the 
fasting and nonfasting subject (Fig. 3). If 
anything, the peak level is attained somewhat 
sooner when the antibiotic is ingested with food. 
This may be due to a greater dispersion of the 
drug particles or to an increased production of 
digestive fluids. 

Recent work refiorted by Schanker, d. al 
(4, o), on the mechanism of drug absorption has 
shown that organic compounds are probably 
absorbed in the uninnired form. It was stated in 
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Fig 3 — Crossover lilood levels for lOsiilijecls, 2.")0- 
ing (lose of a flavored siisiieiisioii of PELS Solid 
line, with food ; broken line, w itliont food 


the first of these reports (-1) tliat basic drugs hav- 
ing pKa's of less than 8 were readily absorbed 
while stronger bases were absorbed very slowly. 
If this proposed mechanism is valid for erythro- 
mycin and its derivatives, the greater absorption 
of the propionyl ester (pK'a (i.O) as com]iarcd to 
erythromycin (pK'a S.ti) may be readily ex- 
plained. 

The use of a salt stich as PEL%S would not be 
expected to affect this absorption process mark- 
edly. In a buffered system, such as tlic intestinal 
contents, the ratio of ionired to unionized mate- 
rial in solution would be dependent on the pll 
ratlier than on the fonn administered. Since 
both propionyl erythromycin and PELS probably 
pass into the intestine largely in the solid state, 
their relative solubilities in water might exert 
some influence on the rates of ab.sorption. Our 
veiy' limited experience with an aciueotis suspen- 
sion of propionyl erythromycin and our previous 
work with ethyl carbonyl crvthromycin have in- 
dicated that both of these compounds arc more 
quickly absorbed than PELS, but the latter ap- 
pears to give a somewhat longer effective level. 

Blood samples from subjects who received pro- 
pionjd erj'thromycin, as the base or as PELS, 
were extracted with chloroform and the antibiotic 
factors separated by paper chromatography. 
In ever}’ case the blood contained both erythro- 
mycin and its propionyl ester. No significant dif- 
ference appeared as a result of the form of the 
drug administered. The ratio of esterified to 
free erythromycin varies from subject to subject 
and according to the interval between ingestion 
and blood withdrawal. 

The very poor blood levels obtained with eiy’- 


thromycin esters in which the acid radical con- 
tains five or more carbons (2) are not readily ex- 
plained by this mechanism. 

EXPERIMENTAL 

Propionyl Erythromycin Lauryl Sulfate (PELS) 
from Propionyl Erythromycin. — Propionyl erythro- 
mycin (32.0 Gm.) was dissolved in 300 cc. of an- 
hydrous methanol-free acetone After filtration, 
a filtered solution of purified sodium lauryl sulfate 
(12 8 Cm.) in 200 cc. of distilled water was added. 
.A solution of 4.4 cc. of glacial acetic acid in 20 cc. 
oi water was then introduced, followed by another 
IT.fi cc. of water which was added rapidly while 
stirring. The desired salt formed very quickly 
and was removed by filtration It was washed 
several times with water and dried in a vacuum 
oven at o0°. The yield of long white needles was 
41.5 Gin. 

PELS from Erythromycin. — Propionic anhydride 
(85 cc. ) was added to a solution of 395 Gm. of ery- 
thromycin dissolved in 1,500 cc. of anhydrous 
methanol-free acetone. It was stirred briefly, 
filtered, and allowed to stand for two hours at 
room temperature. By the procedure outlined 
aliove, the ester .solution w.as utilized directly to 
foim the lauryl sulfate salt. In this case no addi- 
tional .acid is needed since the e.xcess propionic 
anhydride and the propionic acid formed in the 
esterification convert the propionyl erythromycin 
to the ionic form (propionyl eridhromycin pro- 
pionate). The yield was 555 Gm or about 95%. 

Propionyl Erythromycin Lauryl S“ Sulfate'. — 
By the general procedure given, 430 mg. of eryth- 
romycin was esterified and reacted uith 145 
mg of sodium lauryl S“ sulfate containing 2 5 me. 
of S“. The yield was 400 mg. of PELS having a 
specific activity of 0 pc per mg 

Stability Study in Pooled Human Gastric Juice.— 
Pooled normal gastric juice (50 cc ) was warmed to 
37-39° in a constant temperature water bath and 
100 mg of propionyl erythromycin (or other 
compound) was added. The mi.vture was stirred 
constantly. Samples for analysis (1 cc. each) 
were removed at different time intervals and were 
quickly transferred to 10-cc. volumetric flasks 
containing 30 mg. of sodium bicarbonate in 2 cc 
of water. It was mixed immediately. To each 
flask 4 cc. of methanol was added, and then suffi- 
cient distilled water to give 10 cc. This solution 
was allowed to stand eighteen houis at room tem- 
perature then assayed microbiologically for ery- 
thromycin activity. 
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Pharmacology and Toxicology of Propionyl 
Erythromycin Ester Lauryl Sulfate"' 

By R. C. ANDERSON, C. C. LEE, H. M. WORTH, and P. N. HARRIS 

Clinical usage of erythromycin* and propionyl erythromycin ester= has confirmed 
the low toxicity in experimental animals as reported from these laboratories. Pro- 
pionyl erythromycin ester lauryl sulfate* (PELS) has been found to have very low 
water solubility and is easily usable in pleasantly flavored suspensions. Chronic 
toxicity studies in rats and dogs have demonstrated the absence of visceral or hema- 
topoietic damage following large doses for over three months. Oral administra- 
tion of PELS produced higher serum concentrations in rats than propionyl erythro- 
mycin. Both antibiotics are mainly absorbed from the intestine of rats and excreted 
in very small quantities in the bile. High concentrations of erythromycin activity 
were found in the lung, spleen, liver, kidney, and heart after oral administration. 
The results of absorption studies using S“ labeled PELS will be discussed. 


/^UNiCAL EXPERIENCE has Confirmed the efiS- 
cacy and low toxicity of ery thromj'cin since it 
was discovered in 1952 by McGuire, et al. (1), of 
these laboratories. Various salts and esters have 
been used in different pharmaceutical forms. 
The crystalline base has been used in ointments 
and tablets coated with cellulose acetate phthal- 
ate (CAP). Erythromycin ethyl carbonate has 
been employed in drops or suspensions for pediat- 
ric therapy. Erythromycin glucoheptonate has 
been prescribed for intravenous injection. Ex- 
tensive research revealed that certain esters, when 
administered orally in capsules, gave earlier, 
higher, and more consistent blood levels than were 
obtained with the base or with CAP-coated tab- 
lets. Since our publication of the pharmacology 
and toxicology of propionyl erj’thromycin (2), 
Stephens, et al. (3), found that certain unique 
properties of the lauryl sulfate salt of propionyl 
erythromycin make it possilile to prepare a taste- 
less suspension which produces high and pro- 
longed blood levels. The pharmacological and 
toxicological studies of this antibiotic are sum- 
marized in this report. 

MATERIALS AND METHODS 

Propionyl erythromj’cin ester lauryl sulfate 
(PELS) assayed 650 meg. of erythromycin activity/ 
mg. Propionyl crj'thromycin assayed 880 meg. 
of eo'tliromycin activit}'/mg. These antibiotics 
weie given by weight or by erythromycin activity 
as stated in different sections of this report. 

Acute Toxicity. — PELS, suspended in a 5% 
solution of gum acacia, was given orally to 40 
albino mice and 10 albino rats and subcutaneously’ 
to 10 albino rats. All animals were fasted over- 

* Received AuRUst 21, 1950, from The Lilly Research Lab- 
oratories, Eli Lilly and Co. Indianapolis 0, Ind. 

The autljors wish to thank members of the Biochemical. 
Physicochemical, and Pharmacological Divisions of the Lilly 
Research l.aboratories for their assistance during various 
phases of these studies. 

Presented to the Scientific Section, A, Pn. A,, Cincinnati 
meeting, August, 1950. 

* Ilotycin is the Lilly trade name for eo’tliromycin. 

* llosone is the Lilly trade name for propionyl erythromycin, 

* llosone Laiuyl Sulfate is the Lilly trade name for pro- 
pionyl crj’thromycin ester lamyl sulfate. 


night and observ’ed for seven days. Six mongrel 
dogs were given single doses in capsules and ob- 
served for any side effects. 

Chronic Toxicity. — Rats . — PELS was adminis- 
tered to rats by the drug-diet method described by 
Anderson, et al. (4). A total of 60 albino rats, 
weighing 80 to 100 Gm., was used. Five groups of 
12 each, equally’ divided as to sex, were fed diets 
containing 0, 0.05, 0.1, 0.25, and 0.5% of PELS, 
respectively. These concentrations were equivalent 
to 0, 0.031, 0.062, 0.155, 0.31% of ery’throray’cin. 
Food and water were available ad libitum and the 
daily' food intake was recorded. 

Dogs . — Eight pure-bred beagle hounds, weighing 
between 8.3 and 13.7 Kg., were given PELS orally’ 
in capsules at dose levels of 50-100 mg./Kg. (31-62 
mg. of erythromycin activity’/Kg.) in two divided 
doses daily' including Saturday’s and Sunday’s. 
The first dose was administered at 8:00 a.m., tlie 
second six to seven hours later. From the twenty’- 
second day’ a pharmaceutical formulation was used 
in capsules each of which contained 250 mg. of 
cry’throraycin activity’. Two to four capsules 
(36-137 mg. of ery'thromy’cin activity’/Kg., equiv- 
alent to 58-221 mg. of PELS by weight/Kg.) 
were given daily in divided doses. Careful ob- 
servations were made for side effects. Blood and 
mine specimens were collected periodically for 
various analy’ses. Blood concentration of the 
antibiotic was determined at various intervals 
following the morning dosage. After seventy 
days of treatment, four dogs were sacrificed and 
examined grossly’. Tissues from the heart, lungs, 
liver, spleen, kidneys, gastrointestinal tract, and 
thy’raus, tliyroid, pancreas, and adrenal glands 
were fixed and stained for microscopic studies. 
The remaining four dogs continue on test. 

Pharmacodynamics. — Three mongrel dogs were 
anesthetized with sodium phcnobarbital, 150 mg./ 
Kg. by vein. The carotid artery was camudated 
and blood pressure recorded with a mercury’ ma- 
nometer. A cannula was also placed in the trachea 
and respiration recorded with a tambour through 
a Haley’ rcspiromctcr. A balloon was placed in 
the duodenum to record intestinal movements. 
Electrocardiograms were from the standard Lead 
II and recorded with a Grass polygraph. PELS, 
as a 10% suspension in 5% acacia, was injected 
through a catheter opening into the intestine distal 
to the balloon. 
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Absorption, Distribution, and Excretion . — Rats — 
One hundred and fifty male albino rats, weighing 
125 to 150 Gm , were fasted overnight A single 
dose of 25 mg /Kg of propionyl crytliromjcin 
based on the antibiotic activitj was adiniiiistcred 
orally to 75 rats in the form of a 1% water sus 
pension The remaining 75 rats received an 
equivalent dose of PELS Groups of 15 rats each 
weie decapitated at one-half, one, two, four, and 
six hours and the scrum from each rat «as assajed 
for antibiotic activitj 

Tuentj-four fasted albino rats, weighing 200 to 
225 Gm , were anesthetwed with 150 mg /Kg 
of phcnobarbital sodium mtraperitoneally A 
double ligature was placed at the junction between 
the stomach and the duodenum through a medial 
incision The bile duct of each rat was cannulated 
with polyethjlene tubing, which was brought out 
through the incision A single dose of 100 mg /Kg 
of PELS, as a 2% water suspension, was introduced 
into the stomach of 12 rats with a 22-gauge needle 
The remaining 12 rats recened the same dose mtra- 
duodcnallj The incision was closed with wound 
clips and the bile was collected m graduated centri- 
fuge tubes At the end of two hours all rats were 
decapitated Antibiotic activity was assajed on 
the scrum and the bile appropriately diluted with 
saline 

The bile duct of 10 Lasted albino rats, weighing 
225 to 250 Gm , was cannulated with pol> cthj leiie 
tubing under ether anesthesi i The tubing was 
bi ought out through the right posterior abdominal 
wall and the incision was sutured Ten of these 
rats were given oralh a single dose of 100 mg /Kg 
of PELS and six rats received the same dose of 
propioiivl er> thromj cm Thej were kept in 
BollmaiTs restrictive cages (5) The bile was col 
lected in graduated centrifuge tubes at intervals 
and assaved foi crjtliromjcm activitv Food and 
phjsiological saline were supplied ad Uhitnm 

To study blood partition of this antibiotic, 20 
female albino rats, weighing 200 to 225 Gra , were 
fasted overnight A single dose of 100 mg /Kg 
of PELS as a 2% water suspension was given orallv 
At the end of one hour and four hours 10 rats 
each were anesthetized with ether and blood was 
drawn from the abdominal aorta and heparinized 
Erj thromj cm assajs were made on the hcmolvzed 
whole blood, on the hemoljzed sahne-w ashed cells, 
and on the plasma The hematocrit was also 
determined 

Tissue distribution was studied m 40 female 
albino rats, weighing 200 to 225 Gm They were 
fasted overnight A single dose of 100 mg /Kg 
of PELS as 2% water suspension was given orallj 
to 20 rats and the same amount of propionj 1 er j th- 
roniycm to the remaining 20 rats G.oups of 
10 rats each were decapitated at the end of two 
hours and seven hours after administration Blood 
samples were collected separately and the serum 
was assayed tor antibiotic activity The spleen, 
kidneys, brain, and a sample of about 0 5 Gra 
of the liver and 0 5 Gm of the lung were removed 
immediately and homogenized m a glass homogen- 
izer w ith three volumes of 0 2 M phosphate buffer 
(pH 7 2) The heart was cut into small pieces 
and homogenized with five volumes of the buffer 
All tissue homogenates were well shaken before 
assay for erythromjem activitj Assays of tissue 


homogenates from control rats receiving no drug 
icvealcd no crjtliromjcm activity When known 
quantities of PELS or propionyl crjtliromjcm 
were added to the various tissues, the recovery of 
antibiotic activity varied from 04-84% No 
correction was made to compute the tissue con- 
centration of erythromj’cin from treated rats 

Dogs — Four female mongrel dogs with duodenal 
fistulas, weighing between 12 2 and 15 7 Kg , 
vveic fasted for twentj-four hours A single dose 
of 25 mg /Kg of PELS in capsule was adminis- 
teicd orally or intraduodenallj through the fistula, 
followed bj' 30 ml /Kg of water through a stomach 
tube At intervals blood samples were drawn 
from the jugiilai vein Assays were made on the 
serum and on the urine appropriately diluted with 
saline 

Absorption of PELS-S“ and Sodium Lauryl 
Sulfate-S’L — The PELS S“ was prepared by 
Stephens, cl al , of these laboratories (3) Each 
mg of PELS S’* contained 6 /ic of radioactivity 
About 10 /ic of this material plus 16 mg of "cold” 
PELS were administered orallj' to eight albino 
rats, weighing between 180 to 220 Gm , as a sus 
pension m 2 ml of water Four rats were killed 
by ether inhalation at one hour and the remainmg 
four at four hours All blood was withdrawn from 
each animal bj lieait puncture The entire gas 
tromtestmal tract, from the esophagus through the 
rectum, the liver, and kidnejs, was removed All 
tissues and the blood were digested in warm 1 
N KOH in ethanol, and counted in Diotol (6) 
With a tii carb liquid scintillation counter (Packard 
Instrument Co , LaGiange, 111 , Model 314) 

Another group of eight rats was given 2 ml of a 
sodium laiirjl sulfate S“ solution which contained 
4 4 jic /ml The specific activitj’ was 81 5 pc /mg 
The gastrointestinal tract, tlie liver, the kidnejs, 
and the blood were removed, digested, and ex 
ainmed in the same manner as the tissues of the 
previous group of rats treated with radioactive 
antibiotic 

Microbiological Assay.- — Erj thromj cm activitj’ 
was determined bj an adaptation of the Food and 
Drug Administration Sarcina Uitea cup plate 
assay (7) m undiluted serum, m unne and bile 
appropriatelj diluted wath phj siological saline, 
in hemoljzed whole blood and in hemolj’zed washed 
red blood cells, in plasma, and in various tissue 
homogenates All findings were compared against 
a standard sample of erj thromj cm base Horse 
serum, hemoljzed whole blood and hemolyzed 
washed red blood cells of rats, rat plasma, and 0 2 
M phosphate (pH 7 2) were used for setting up 
the standard curves for the appropriate determina- 
tions It was found that horse serum, dog serum, 
and rat serum gave the same standard curv es 

RESULTS 

Acute Toxicity. — The LDm’s of PELS m mice 
after oral and in rats after oral and subcutaneous 
administration were found to be greater than 6 45 
Gm /Kg During the observation period all 
animals appeared to be completely normal Pre- 
vious work from these laboratories reported the 
LDp) of propionj 1 erythromjem by oral route to 
be 2 87 Gm /Kg for the mouse and >5 Gm /Kg 
for the rat (2) Thus, PELS is less toxic to the 
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mouse and no more toxic to the rat than propionyl 
erythromycin. The results in dogs are shown in 
Table I. The incidence of vomiting was much 
less frequent than has been reported previously 
with propionyl erythromycin (2). 


Table I. — Tolerated Doses of PELS in Dogs 



8:30 

Effects 

1:40 

Effects 

Dog 

a. m. 

Before 

p m. 

Before 

Num- 

Dose 

1:30 

Dose 

4:15 

ber 

rog./Kg. 

p. m. 

mg./Kg. 

p. m. 

3,362 

25 

No action 

200 

No action 

1,775 

25 

No action 

200 

3:00 p. m. 
V omited 

262 

50 

No action 

50 

No action 

4,524 

50 

No action 

50 

2:23 p. m. 
Vomited 

4,514 

100 

No action 

100 

No action 

4,526 

100 

No action 

100 

No action 


Chronic Toxicity. — Rais . — The mean growth 
curves for the female rats fed various concentra- 
tions in the diet are found in Fig. 1 and for males 
in Fig. 2. Growth on the 0.05% diet rvas similar 
to the control, whereas rats fed 0.1 to 0.5% of 
PELS did not grow so rapidly as those fed control 
diets. The average daily food intake was some- 
what less in groups showing a lower growth curve. 
After eighty-one days, half of the rats in each group 
were sacrificed and submitted to necropsy. Gross 
and microscopic examination of the heart, lungs, 
liver, spleen, kidneys, gastrointestinal tract, thy- 
mus, thyroid, pancreas, adrenals, salivary glands, 
and mesenteric Ij'mph nodes revealed no apparent 
abnormalities. Terminal blood counts were within 
normal ranges. Terminal blood levels of tliis anti- 
biotic showed higher values in rats fed higher con- 
centrations. The other 30 rats remain on test. 

Dos . — The body weight of all dogs remained 
relatively constant throughout the e.xperiment. 
No apparent side effect was observed in any dog. 
In the four sacrificed animals, bone marrow, eryth- 
rocyte, leukocyte and differentia! counts, and 
hematocrit and hemoglobin determinations re- 
mained within normal ranges. Whole blood clot- 
ting time and clot retraction time did not change 
in any dog. Blood sugar and nonproteiu nitrogen 
values showed the usual variations. No glycosuria 
was noted. Albuminuria was seen so rarely and 
was of such low degree as to be considered within 
normal expectation in this species (8). 

Serum levels of this antibiotic were determined 
on these dogs at seventeen, fifty-one, and sixty- 
five days. .“Vll eight dogs showed significant con- 
centrations following administration of the drug. 
•Approximately eighteen hours after the last dose, 
the scrum contained no detectable amount of this 
antibiotic. 

Pharmacodynamics. — Three dogs received 36 
and 72 rng./Kg. of PELS (equivalent to 25 and 
50 rng./Kg. of propionyl erythromycin). In two 
of the animals the blood pressure began to fall 
one and one-half to two hours after 36 rng./Kg. 
to 78 to 81% of the normal rate and remained at 
this level for more than three hours. The third 
dog showed no significant change. Following 72 
mg. /Kg., one dog had no change in blood pressure, 
one showed an increase of 18%, and the third a 
fall of 22%. 

In two of the three dogs the heart rate was in- 
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Fig. 1. — The growth curves of female rats fed diets 
containing PELS. 
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Fig. 2. — ^The growth curves of male rats fed diets 
containing PELS. 

creased by 10-15 beats per minute following 36 
mg./Kg. The third dog showed no change. 
The increase in heart rate followed the fall in blood 
pressure and was probably compensatory in nature. 
All three animals had an increase in heart rate 
following 72 mg./Kg. This varied from 10-15 
beats per minute. No significant changes were 
noted in the configuration of the electrocardiogram 
after cither dose. 

None of the animals showed significant changes 
in the respiratory rate following either 36 or 72 
mg./Kg. Intestinal motility was stimulated in 
two dogs after 36 mg./Kg. and in all dogs after 
72 mg./Kg. 

Absorption, Distribution, and Excretion . — Seruin 
Levels . — The serum levels in rats receiving 25 mg./ 
Kg. of erythromycin propionate or of PELS orally 
arc shown in Fig. 3. The serum levels of antibiotic 
activity produced by PELS were much higher 
than those obtained with propionyl crj'thromyciu. 
-A peak of serum concentration in rats receiving 
PELS was reached after two hours, while the pro- 
pioiiyl erythromycin produced a ma.\imal serum 
concentration after one hour. At the end of si.x 
hours following administration there were significant 
amounts of antibiotic in the serum of rats receiving 
PELS. On tlie other hand, only a trace of anti- 
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Fig 3 — Serum concentration of erj tlironiycm in 
rats after oral administration of PELS or propioiijl 
erythroiii} cm, 26 mg of erjthromycin activit) /Kg 

biotic activitj nas found m the scrum of rats 
receiving the propioin 1 erj thromyciii 

The average serum concentrations of erj throniy- 
cm m foul dogs nith duodenal fistula are summarized 
m Table II The serum concentration of anti- 
biotic activity reached a peak tno hours after oral 
administration of 25 mg /Kg of PELS in capsule 
Intraduodenal admmistiation of the same does to 
the same dogs produced earlier and shghtlv better 
serum levels than uere obtained bj' oral adminis- 
tration 

StU of Absorption — ^As shown in Table III, alien 
the rat’s stomach was ligated at the junction with the 
duodenum, administration of PELS directly to the 
stomach resulted in no detectable amount of anti- 
biotic actii ity III the serum at the end of two hours 
Intraduodenal administration produced serum con 
centratioiis in all aiimnls 

Urinary Excretion — Four dogs with duodenal 
fistula excreted an a\ erage of 0 01% of oralh admin 
istered PELS in six hours An a\ erage of 0 59% of 
the dose was excreted in the urine when this anti- 
biotic was gnen to the duodenum through the 
fistula 

Biliary Excretion — Results in Table III show that 
only 0 07% of the administered dose was excreted in 
the bile of rats in two hours when PELS was intro- 
dueed into the duodenum that was ligated at the 
junction with the stomach The bile concentration 
of erj thromjem averaged 2 1 meg /ml These rats 
excreted an average of 0 02% of the antibiotic when 
It was administered into the stomach, although no 
detectable amount of the antibiotic was found m the 
serum at the end of two hours 

As shown m Table IV, an average of 1 54% of the 
orally administered dose of PELS was recovered in 
the bile of rats after twenty four hours, whereas an 
average of only 0 91% of propionyl erjthromycin 
was excreted 

Blood Partition — After oral administration of 
PELS, erj throraj cm was found to adsorb on, or pen- 
etrate, the red blood eells After they were washed 
with saline, the red blood cells contained no detect- 
able amount of erythromj cm 

Distribution — These results are summarized in 
Table V In rats, a high concentration of erj’tliro 
mj cm was found in the lungs, spleen, liver, kidneys, 
and heart After adimmstration of PELS, the eryth 
romycin in the various tissues decreased more slowly 
than m tissues of rats reeeivmg propionjd erjdh 
romycin Brain tissue contained small amounts of 
erythromycin after administration of PELS The 


Taiile II — Averaoe Serum Concentration or 
Erytiiromvcin (mcg /ml ) IN Four Dogs With 
Duodenal Fistula Aeter Administration op 
PELS 

Route of 

Adminis Time in Hours , 

Intioii Vj 1 2 3 4 5 G 

Oral <0 03 0 04 0 10 0 08 0 05 0 03 0 03 
Intradu- 

odcnal 0 08 0 12 0 12 0 07 0 06 0 03 0 03 


Table III — Biliary Excretion of ERVTHROjty 
ciN IN Anesthetized Rats" Two Hours After 
Administration of PELS 


Route of 

Scrum 

Conen 

Bile 

Volume 

Bile 

Conen 

% of 

Administration 

meg /ml 

ml 

zneg /ml 

Dose 

Stomach 

<0 03 

1 78 

2 1 

0 02 

Duodenum 

0 073‘ 

(1 4- 
2 0) 

1 90 

(1 5- 
6 0} 

6 8 

0 07 


(0 04- 
0 11) 

(15- 
2 4) 

(4 6- 
10 2) 



" The duodeoiim was ligated at the junction with the 
stomach 


6 Numbers in parentheses are the individual ranges 
tvithin the group 


Table IV — Biliarv Excretion of Erxthro 
MV CIN IN Rats After Oral Adviimstration 


rr>lhro 

No of 

Per 

Cent of Dose — 

ni>cin 

Rats 

0-7 hr 

8-24 hr 

Total 

PELS 

10 

0 55 ± 

0 07 

0 99 ± 

0 16 

1 54 ± 
0 17 

Propionjd 
crj thro 
mj cm 

6 

0 45 ± 

0 10 

0 46 ± 

0 33 

0 91 ± 
0 17 


amount of crj thromv cm in the brain was about 30 to 
40% of the scrum concentration 

Absorption of PELS 5“ and Sodium Lanryl Sul- 
falc-S^ — Prehmmarj studies indicated that there 
was a very small amount of radioactiv itj- in the blood 
following oral administration of PELS S“ Based on 
a blood V olume of 5 18%, the total radioactivity in 
the circulation amounted to less than 1% of the dose 
The total radioactivitj in tlie hv er and kidneys was 
cv en less Most of the radioactiv itj' w as recovered m 
the gastrointestinal tract and some was excreted in 
the urine 

After oral administration of sodium laurjl sul 
fate S“, slightly more radioactivity was found m the 
blood, tlie liver, and the kidnej s than m those tissues 
of rats receiving PELS-S“ However, the radio 
acbvity disappeared somewhat faster from tissues of 
rats given the first mentioned compound Agam 
most of the radioactivitj' was found m the gastro 
intestinal tract Further studies are continuing 

DISCUSSION 

Rats which were fed PELS in concentrations 
equivalent to 50 mg /Kg /daj' for a penod of three 
months show ed normal vv eight gams, w hile doses of 
100-500 mg /Kg /daj produced some retardation of 
growth but no visceral changes attributable to the 
antibiotic It is possible that the decreased food in- 
take which accounted for the retardation of growth 
was a result of lack of palatabihtj Terminal serum 
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Table V. — Tissue Distribution of Erythrosiycin mcg./Gm. of Wet Weight 

Propionyl Erythromycin ^ . PELS 


Serum" 

Liver 

Spleen 

Kidneys 

Lung 

Heart 

Brain 

2 hr. 

0.62(0.40-0.85)*' 
4.43(2 3 -5.8) 

4 79(2 9 -6.6) 
3.59(2.6 -4.0) 
7.50(4.8 -10.8) 
2.36(2.0 -3.6) 

.. (0.00-0.16) 

7 hr. 

0.30(0.13-0.57) 
1.83(0.9 -3.6) 
2.76(1.3 -4.6) 
1.11(0.5 -2.1) 
3.54(2.1 -5.4) 
0.74(0.6 -1.1) 

. . (0.00-0 05) 

2 hr. 

0.68(0.52-1.00) 
4.43(3.0 -6.0) 
4.30(2.2 -6.3) 
3.07(1.4 -4.4) 
5.79(4.0 -7.2) 
3.34(1.6 -5.5) 

0.20 (0.16-0.32) 

7 hr. 

0.41(0.29-0.60) 
2.89(2.0 -4.2) 
3.29(2.0 -5.6) 
1.91(1.1 -3.1) 
5.53(4.0 -6.8) 
1.55(0.7 -2.6) 
0.17(0.12-0.28) 

meg. /ml. 

6 Numbers in parentheses are the individual ranges Avithin the group. 



concentrations shoiv that tlie antibiotic ivas absorbed 
in proportion to the amount fed. 

The changes in blood pressure, intestinal motility, 
and heart rate were verj^ similar to those noted ivith 
erythromycin hydrochloride and propionyl erythro- 
mycin. It appears that these effects are due to the 
erythromycin content of the antibiotic. 

In the rat, PELS produced better serum concen- 
trations than propionyl erythromycin when equal 
amounts of antibiotic activity were given orally 
(Fig. 3). When equal weights of these two anti- 
biotics were administered, higher serum concentra- 
tions were also obtained with PELS (Table V). 

In rats, the major site of absorption of PELS is in 
the intestines. When PELS was administered to the 
stomach ligated at the junction with the duodenum, 
a small amount of erythromycin was recovered in the 
bile (Table III), indicating that the antibiotic was 
only slightly absorbed from the stomach. In dogs, 
PELS is also mainly absorbed from the intestines, 
since it produced earlier and slightlj' better serum 
concentrations after intraduodenal administration 
than after oral dose (Table 11). We have observed 
(2) that erythromycin propionate was absorbed 
mainly in the intestines of both dogs and rats. 

In anesthetized rats, the serum concentrations of 
erythromycin following PELS were much lower than 
the levels found in normal rats after similar doses. 
This indicates that both the anesthesia and the sur- 
gical trauma maj’ have affected the gastrointestinal 
absorption of this antibiotic. 

High concentrations of erythromycin were found 
in the various tissues following oral administration of 
both PELS and propionyl erythromycin (Table V). 
The highest concentration, 3.5 to 7.5 times that of 
the serum concentration, was in the lung. It is not 
known how much better PELS is absorbed from the 
gastrointestinal tract. However, its slower disap- 
pearance rate from the various tissues and its limited 
excretion through tlie bile raa 3 ’ be factors in produc- 
ing high senim concentrations of erj'thromycin. 

Following oral administration of PELS, rats ex- 
creted about 1.54% of the dose in the bile in twenty- 
four hours (Table IV), about 64% of this amount be- 
ing excreted during the period from the eighth 
through the twentx’-fourth hour. It appears that 
this antibiotic is absorbed through the intestines for 
a rclativclj' long period or that it is slowly released 
from the tissues to the circulation. 

After administration of PELS erythromycin pene- 
trated or ivas adsorbed on the red blood cells. On 
washing with saline, erythromi'cin disappeared from 
the red blood cells. This indicates that crythromy 
cin is onl\- loosely bound to the red cell component or 
loosch- adsorbed on the cells, a factor beneficial to 
the therapeutic effectiveness of this antibiotic. 

The superiority of propiouj-l erj’thromycin over 


erj’thromj’cin base when aaministered orally has 
been shown in rats bj' Lee, ci al. (2), and in human 
subjects b>’ Griffith, el al. (9). The abilitj- of PELS 
to produce even better blood levels in rats has been 
reported in these studies. Data have also been pre- 
sented that show the very low acute toxicitj’ of this 
antibiotic, as well as its lack of pathogenic effects 
when administered daily over extended periods to 
rats and dogs. 

Preliminarj’ radioisotope studies with PELS-S“ in- 
dicated that a significant amount of radioactivity was 
absorbed from the intestines. A large percentage of 
the radioactivitj’ remained in the gastrointestinal 
tract. The quantitj* of laurj'l sulfate in the highest 
concentration of PELS fed to rats (0.5%) amounts 
to approximately 0.15% in the diet. In a two-j’car 
study Fitzhugh and Nelson (10) liave shown the 
lack of toxic effects from feeding sodium laurj-l sul- 
fate at a 1% level. 

SUMMARY 

1. PELS was found to have very low acute 
toxicity. The determination of LDm’s in mice, 
rats, and dogs was impractical from the stand- 
point of large quantity of drug needed and conse- 
quent mechanical problems.. 

2. Chronic studies have shown that rats fed 
PELS in their diet at a dose of approximately 50 
mg./Kg./day gained weight comparable to nor- 
mal animals. Higher concentrations resulted in 
some growth retardation. No visceral or hema- 
topoietic damage was seen in any animals. 

3. Dogs tolerated doses of PELS as large as 
221 mg /Kg. (equivalent to 137 mg./Kg. of eryth- 
romycin activity) daily over extended periods. 

4. Oral administration of PELS produced 
higher serum concentrations in rats than did pro- 
pionyl erythromycin. 

5. PELS, like the propionyl erythromycin, is 
mainly absorbed from the intestines of rats. 

6. After oral administration of PELS, rats ex- 
crete the antibiotic in very small quantities in the 
bile. 

7. High concentrations of erythromycin were 
found in the lungs, liver, spleen, kidneys, and 
heart after oral administration of PELS. Small 
amounts of erj’thromycin were also found in the 
brain.. 

S. It is believed that the superiority of PELS 
in producing high scrum concentrations maj’ be 
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partly due to its limited biliary excretion and its 
slow rate of disappearance from the various tis- 
sues. 

9 Part of the blood erythromycin is loosely 
bound to red blood cell component or adsorbed on 
the cells. 
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Osmotic Concentration and Osmotic Pressure in 
Injectable Solutions'^ 

By I, SETNIKAR and OLIMPIA TEMELCOU 

A method for determining the osmotic pressure of injectable solutions by measuring 
the variations of the rcd-cell volume is described. By means of this method, sub- 
stances of pharmaceutical interest can be classified into different groups according 
to their diffusibility through the erythrocyte membrane and their action upon it. It 
was demonstrated in vitro and in vivo that for many substances the iso-osmotic con- 
centration is not equivalent to the isotonic concentration and that the confusion 
between iso-osmia and isotonia can have dangerous consequences. 


Tt IS COMMON KNOWLEDGE that Only solutes 
which cannot pass through a barrier per- 
meable to the solvent can c.xcrt an osmotic pres- 
sure (1); substances which can pass through the 
cell membranes cannot, therefore, counterbalance 
the osmotic pressure exerted by nondiffusiblc 
intracellular solutes 

Therefore, tlie osmotic concentration, measured 
by physical methods based on one of the colliga- 
tivc properties, is an expression of the osmotic 
pressure only when all the solutes present in solu- 
tion are nondiffusiblc through the cell membranes, 
otherwise a solution found to be iso-osmotic is hy- 
potonic for the cells 

This distinction would be of little practical 
importance were it possible to accept the view of 
Szekely and Goyan (2) to the effect that, of the 
substances in pharmaceutical use, those freely 
diffusible through the cell membranes are excep- 
tional. The researches performed with a hemo- 
lytic method by Husa, el al (3-8), demonstrate 
that, on the contrary, many substances in com- 
mon pharmaceutical use, at a concentration iso- 
osmotic with blood, cause hemolysis for the very 
reason that they are unable to counterbalance the 
intracellular osmotic pressure 

■Wffiile the hemolytic method can demonstrate 
very clearly the difference between solutes which 
are diffusible through the membrane of red cells 
and those which are not, it is not so eas}^ to deter 

* Received July 6. 1959, from the Research Department, 
Recordati Laboratono Farmacologico S p A , Milano, Italy 


mine the isotonic concentration because, for this 
purpose, it is necessary to start from the premise 
that for all solutes there is a single ratio between 
isotonic concentration and hemolytic concentra- 
tion, whereas it has been shown that, on tlie con- 
trary, this ratio may vary from 1.4 to 3 1 (9) 

Efforts have therefore been directed to the 
search for a nietliod of direct determination of iso- 
tonic concentration and it has been found that 
this could be done fairly simply by means of a 
suitable modification of the hematocrit method 
used by Eijkman (10). This paper describes the 
method employed and the results obtained tliere- 
from. 

METHOD 

Human blood was drawn from a forearm vein, 
rabbit blood by cardiac puncture The syringes 
used for drawing the blood were moistened with an 
0 65% (isotonic) solution of NaF containing 5% 
heparin The blood samples were centrifuged, the 
separated red cells were added to an equal volume of 
the solution under examination, and this suspension 
was centrifuged for thirty minutes at 3,000 r p m 
in Wintrobe’s hematocrit tubes To determine 
the volume that the red cells would maintain in an 
isotonic solution, a similar test was performed 
mixing the red cells with the plasma of the same 
specimen of blood 

RESULTS 

NaCI. — The ratio between the volume of rabbit 
red cells and the concentration of NaCl is given in 
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Fig. 1. In contact with plasma, red cells maintained 
a volume equal to that which they would take up in 
contact with an 0.93% solution of NaCl. This con- 
centration is, therefore, isotonic with the red cell 
specimen used. 



Fig. 1. — Effect of the NaCl concentration upon 
the volume of rabbit red cells. The dotted line 
represents the volume of the cells suspended in 
plasma (isotonic volume). For these red cells the 
isotonic concentration of NaCl was 0.93%. 

Urea. — Solutions of urea from 1 to 2.6% (a 1.8% 
solution is iso-osmotic) caused complete hemolysis. 
The addition of NaCl at concentrations from 0.5 to 
0.9% to an iso-osmotic solution of urea prevented 
laking, and the volume of the red cells was equal to 
that determined by solution of NaCl at the same 
concentration but without urea. Thus, urea docs 
not of itself have a hemolytic effect, as in the 
opinion, for example, of Ebina (11); laking is 
brought about by the incapacity of this substance 
to counterbalance the intracellular osomotic pres- 
sure. In other words, as regards osmotic pressure, 
it is as if urea were not present in solution. 

The incapacity of urea to exert an osmotic pres- 
sure can be demonstrated also in vivo. If 15 cc./Kg. 
of a 1.8% solution of urea is injected intravenously 
into rabbits, extensive hemolysis is observed, due 
to the destruction of about 3% of the red cells. A 
similar phenomenon is observed when one admin- 
isters the same quantity of distilled water. He- 
molysis can be entirely avoided by rendering the 
solution of urea isotonic with a 0.9% solution of 
NaCl. 

Dextrose. — While dextrose exerts an osmotic pres- 
sure equal to its concentration on tlie erythrocytes of 
rabbits, on liuman erythrocytes the isotonic concen- 
tration is almost twice tlic iso-osmotic concentration 
(Fig. 2). The membranes of human erythrocytes 
would therefore seem to be partially permeable to 
dextrose. It is interesting to note that the resistance 
of human red cells increases in solutions of dextrose; 
the cell volume in hypotonic solutions can attain 
values practically twice those which usually precede 
hemolysis. 

This increase in cell resistance perhaps ac- 
counts for the results obtained by Grosicki and 
Husa (4), who noted no difference between the 



Fig. 2. — Effeets of dextrose solutions at dif- 
ferent concentrations upon the volume of the red 
cells of the rabbit and of man. The dotted line 
indicates the isotonic volume. O — O. human red 
cells; • — •, rabbit red cells. 
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Fig. 3. — Effects of the pH upon the volume of 
red cells and thus also upon intracellular osmotic 
pressure. The cations concentration was maintained 
constant to 155 meq./L. of Na'*'. 

Left ordinate, cell volume; right ordinate, 
depression of the freezing point on a scale so ad- 
justed that, for a solution of NaCl, the depressions 
of the freezing point would correspond to the cell 
volume; abscissa, pH of the buffer-red cell mixture. 

The isotonic cell volume is shown by a dotted 
line. The straight line and the empty signs rep- 
resents the cell volume, the dotted line and the 
full signs give the cryoscopic depression. O — 
Buffers of acetic acid-sodium acetate, □ — buffers of 
NaH-POi— Na^HPOi, A-buffers of barbital- 
sodium barbital. Note the poor correlation be- 
tween the osmotic concentration measured by the 
cryoscopic method and the osmotic pressure exerted 
by the solutions upon the red cells. 

hemolytic concentration of dextrose for human red 
cells and those for rabbit red cells. 

Procaine Hydrochloride. — At its iso-osmotic con- 
centration (5.05%), procaine hydrochloride causes 
hemolysis of tlic red cells of the rabbit. In contra- 
distinction to what has been obsen'ed with urea, to 
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render tlie solution isotonic it is not sufficient to add 
0 9% of NaCl but it is necessary to add this salt at a 
eoncentration of about 13%, as if the procaine in- 
creased the permeability of the membrane to sodium 
chloride 

It is interesting to note, however, that it is 
enough to add a 3 3% solution of dextrose (0 6 iso- 
osmolar) to the same solution of procaine hydrochlo- 
ride to have a solution which is isotonic for rabbit 
red cells, as if dextrose not only abolished the per- 
meabdizing effeet of procaine but rendered the cell 
membrane partial^' impermeable to procaine 

Saponin. — Tliis substance has an intense hemo- 
lytic effect up to a concentration of 0 00.5-0 001% 
even if dissolved in an 0 9% solution of NaCl The 
behavior of rabbit red cells placed in NaCl and dex- 
trose solutions at different concentrations and in the 
presence of saponin at 0 05% was checked, and the 
results were very similar to those obtained with pro- 
caine hydrochloride at 5 05% 

ZnSOi — Zinc salts arc of particular interest inas- 
much as Hartman and Husa (6) observed by means 
of their hemolytic method that ZnSOi "protects” the 
red cells to such an extent that the isotonic solution 
of the salt would be 400 times more dilute than the 
iso-osmotic concentration Cadwalladcr and Ihisa 
(12) have described similar results for zinc acetate 
By our method, how ever, it can be shown that ZnSO, 
precipitates plasma proteins and causes hemolysis up 
to a concentration of 155 iiuV The results de- 
scribed by Hartman and Husa can be confirmed only 
if blood and ZnSOi solution arc mixed iit the x’ohi- 
metric proportion of 1 '50 (as these authors did), but 
it can also be demonstrated that the absence of Ink- 
ing is duo to a precipitation and a denaturation of 
hemoglobin One cannot, therefore, accept the con- 
clusion that solutions of ZnSOi arc isotonic at con- 
centrations 400 times lower than the iso-osmotic con- 
centration because not a protective action but a pre- 
cipitating and dciiatiiratiiig action by the zinc ion is 
implicated 

Effects of the pH of Solutions on Intracellular Os- 
motic Pressure. — At physiological pH values nega- 
tive charges prevail in red cell hemoglobin and about 
50 meq /L of cations arc required for electrical neu- 
tralization As hemoglobin is an ampholyte, its 
negative charges diminish when the enx'ironineut be- 
comes acid, releasing cations wdiich, being unable to 
diffuse in the extracellular fluid through the cell 
membrane which is impermeable to them, attract 
anions from the extracellular fluid A diminution 
of pH, therefore, involves a rise in intracellular 
osmotic pressure and, conversely, an augmentation 
of pH causes a fall in intracellular osmotic pres- 
sure The isotonic concentration must, therefore, 
depend to some extent upon the pH of the solution 

Figure 3 gives experimental proof of this hypo- 
thesis Although the cations concentration of the 
solution under examination was kept constant 
(155 meq /L of Na +), it maj' be observed that the 
cell volume increases in acid solutions and decreases 
m alkaline solutions, demonstrating that the osmotic 
pressure of red cells increases in contact with acid 
solutions and decreases in contact with alkaline 
solutions Here again the osmotic concentration of 
the various solutions, measured b}’ determining the 
depression of their freezing points, was not closely 
related to the osmotic pressure of the solutions 


DISCUSSION 

Similar experiments carried out on substances of 
pharmaceutical interest showed that these could be 
classified into the following groups: 

Group 1 — Substances whose iso-osmotic con- 
centration is isotonic: NaCl (0.9%), KCl (1 19%)), 
sodium thiosulfate N. F. (2 98%), sodium borate 
U. S P (2 6%), sodium propionate N F. (1 47%), 
sodium benzoate U S P. (2 25%), sodium barbital 
(3 14%), sorbitol (5 48%), and dextrose U. S P. 
(5 5 %) for rabbit red cells 
Group 2 — Substances which do not exert any 
osmotic pressure: urea, succinic dinitrile, anti- 
pyriiic, amiiiophylline, ethanol, propylene glycol, 
sodium pentobarbital. Tween 80 

Group 3 — Substances wliose isotonic concentra- 
tion is higher than their iso-osmotic concentration' 
dextrose (as regards human red cells), gh-cinc, 
sodium salicylate 

Group 4 — Substances which increase the per- 
meability of the ers'throcytc membrane to NaCl' 
procaine hydrochloride, adiphenine hydrochloride, 
ethanol, and propylene glycol at higher than 10- 
20% concentrations, T w ecu 60 

Group 5 — Substances with a pronounced he- 
molytic action: saponin, sulfuric esters of methyl- 
androstcnediol and of testosterone 

Group 6 — Substances which exert a protective 
action similar to that exerted by dextrose as regards 
the increase in permeability caused by procaine: 
dextrose, sorbitol 

Group 7 — Substances precipitating proteins' 
ZiiSOi and all precipitants of proteins 


SUMMARY 

Wlien wishing; to render an injectable solution 
isotonic, the main consideration should be the 
permeability of the cell membrane to the various 
solutes composing the solutions and the action of 
these solutes upon the cell membrane In other 
words, iso-osrtiia (which can be determined by 
physical methods based on one of the colligative 
properties) is equal to isotonia only when all the 
solutes of the solution are unable to diffuse freely 
through the cell membrane. If this is not the 
case, isotonia can be determined only by measur- 
ing the osmotic effect of a gix^en solution directl)- 
upon the concerned cells. 
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Polarography of Gibberellic Acid"' 


By WILLIAM F. HEAD, Jr. 

The polarographic characteristics of several gibberellins have been determined and 
a method for determining gibberellic acid in the presence of gibberellenic acid pro- 
posed. Gibberellic acid was found to possess a characteristic prewave in addition to 
a larger proton reduction wave shown by all gibberellins. This prewave may be 
measured with an accuracy to ± 2 per cent within definite concentration limits. 
Average recoveries of gibberellic acid from a typical formulation measured by the 
method was 97 per cent. The main reduction wave was shown to be that of car- 
boxyl proton but the prewave reduction mechanism is not yet clear. 


'■ I ■•he fluorometric assay procedures used 
for gibberellic acid are dependent upon an ef- 
fective separation of gibberellic acid from closely 
related compounds. Potassium carbonate chro- 
matographic columns do not appear to accomplish 
this separation and other fluorescent, biologically 
inactive gibberellins are detected as gibberellic 
acid. The use of ultraviolet irradiation to sup- 
press the fluorescent properties of gibberellenic 
acid also inhibits the gibberellic acid fluorophor 
Recently, Kavanagh and Kuzel (1) have de- 
scribed a liquid partition system in which gib- 
berellic acid is successfully separated from gib- 
berellenic acid, a major interfering component. 

The time-consuming biological assay (2) is ab- 
solute for plant growth activity but rather erratic 
results have been obtained. 

In view of the isolation difficulties, a technique 
was sought which would allow measurement of 
gibberellic acid in small quantities in the presence 
of similar compounds Kitamura and Sumiki (3) 
have pointed out that certain gibberellins are 
polarographicalty reducible, although no indica- 
tion of specificity was given in their report. 

A mass isotope dilution assay based on the iso- 
lation of a pure sample of gibberellic acid and its 
isotope by crystallization has recently appeared 
(4) This method, advocated lor fermentation 
broths, rvould not be conveniently applicable to 
samples containing only raicrogram quantities. 

EXPERIMENTAL 

Apparatus and Reagents. — Most polarograms 
were made using a standard 20-ml capacity H-ccll 
nith a dropping mercury electrode, agar-potassium 
chloride bridge, and a saturated calomel electrode. 
In some cases a quiet mercury pool was used as an 
anode in a single cliamber cell The polarograph 
used was a Sargent model XXI All reagents used 
were analytical reagent grade. In the case of the 
quaternary ammonium supporting electrolytes, a 
solution of these reagents showed no polarographi- 

* Reccivcil July 1, lO.'iS, from the Analytical Research 
Department, Eli Lilly and Co . Indianapolis <>, Ind. 

Dr O W Probsl and Dr Koert Gerzon, uho supplied the 
various Kibbcrcllins and much background information, arc 
sincerely thanked for their help .V debt of gratitude is also 
due Dr R P Miller and Mr II L Bird, Jr., who chromato- 
graphed the sanous gibhcrclUns during purification and per- 
tormed the prcparatisc chromatography work 


cally reducible impurities over the voltage range 
e-vamined. 

Polarographic Data. — In Table 1 is listed tlie re- 
duction characteristics of several gibberellins All 
samples included were essentially pure products and 
a quantitative response was indicated for each reduc- 
tion wave of all compounds None of these com- 
pounds showed reduction waves from —2.0 to —2 7 
volts (S. C. E.) when polarographed in a single 
cell with a quiet mercury pool anode in a 0 1 tV 
tetraethylammonium chloride solution The po- 
tentials listed in Table I were all taken in a 0 1 A 
potassium chloride supporting electrolj-te 

The data for gibberellic acid were obtained with 
a working standard containing 94% gibberellic 
acid (by differential nonaqueous titration and 
differential fluorescence measurements), 1 5% gib- 
berellenic acid (ultraviolet molecular extinction at 
253 Wfj = 19,200), and 4.5% moisture (Karl 
Fischer). Attempts were made to remove the 
gibberellenic acid by chromatography through 
potassium carbonate columns and subsequcfit 
elution with 1% water in acetonitrile. .After two 
such treatments, the gibberellenic acid content 
was reduced to 0 28% and fluorescence in 85% 
w/w sulfuric acid indicated 99 3% gibberellic 
acid. When compared polarographically to the 
initial working standard a purity of only 75% 
was indicated. Infrared analysis, using the charac- 
teristic 5,67 fi lactone band of gibberellic acid and 
the working standard as a reference, indicated a 
gibberellic acid content of 82% in tlie “purified” 
material. It is thought that lactone hydrolysis 
may take place to an extent on carbonate columns 
with the liydrolysis product retaining the fluores- 
cent characteristics of gibberellic acid. 
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Table I — Reduction Potentials of Several 
Gidberellins 


Compound Volts 

Gibberellic acid — 1 0 to — 1 2 

-1 55 

Gibberellcnic acid — 1 55 

Methyl ether of gibberelleiiic acid —1 55 

Gibberic acid — 1 24 

-1 54 

Tetrahj drogibbcrclhc acid —1 45 


No attempts nere made to isolate a hydrolysis 
product and the infrared data are the only evidence 
111 support of such a reaction 

In a similar manner, attempts \ierc made to 
purify gibberelleiiic acid from a sample contamnig 
15% gibberellcnic acid After elution of gibberellic 
acid nitli acetonitrile coiitainnig 1% nater, re- 
maining gibbcrellms may be eluted nitli niethanol 
However, this technitiuc resulted m a product 
containing onl\ 46 7% gibberellcnic acid when 
compared to the pure m.itcrial at 253 mn The 
gibberellic acid polarographic wave at —10 to 
— 12v (S C E) was absent Using the top phase 
of a 1 1 biitanol-1 5 M aminoiiia mixture as the 
developing solvent on Whatman No 1 paper, no 
other gibbcrellnis could be detected w ith 0 5% 
potassium permanganate except gibberellcnic acid 
■'iti attempt was made to punfv gibberellcnic acid 
by preparative chromatographv in the above solvent 
system using the techniques of Brownell, Haniilton, 
and Casselman (6) The final pnritv of the non- 
inobilc gibberellcnic acid was 50 8% This product 
had the same characteristics as the material purified 
using the column technique 

It IB of interest that the 50% gibberellcnic acid 
showed the same t,i/c ratio at —1 55 v (S C E ) 
on a weight basis as did the pure material This 
points out the carboxylic acid nature of the impuri- 
ties 

Assay Principle. — The polarograms of gibberellic 
and gibbcrellemc acid arc shown ni Figs 1 and 2, 
respectively It is apparent from Table I that the 
prevvave of gibberellic acid is unique for the gibberel- 
1ms except for gibberic acid This material is a 
product of vigorous acid degradation of gibberellic 
acid (5) and is an unlikely interference in a fermenta- 
tion broth or a commercial formulation The 
gibberellic acid prewav'e at — 10 v to — 12 v 
(S C E ) IS quantitative, as shown in Fig 3, 
and Its E '/; vanes through the range mentioned, 
becoming more negative with increasing concentra- 
tion 

Gibberelleiiic acid m the presence of gibberellic 
acid was shown to have no effect on this prenav’c 
The two wav'es occurring at —1 55 v' (S C E ) 
were additive If the total concentration of gib 
berellms became too large, fusion of the prewave 
and the additive waves would occur Dilution 
would again separate the two waves, however, if 
gibberellic acid w as present m very small quantities 
compared to total gibberellins, accurate measure- 
ment of the prewave would be difficult Even 
with the 94% working standard gibberellic acid, 
fusion of the prewav-e can take place w itli its ovv n 
reduction wave at —1 55 v (S C E ) if the upper 
concentration limit of Fig 3 is exceeded 



-0 8-10 -12 -1 t -1 C -18 


VOLTS IS sen 

Fig 1 — Gibberellic acid polarogram in 0 1 A"^ KCl 



Fig 2 — Gibberellcnic acid polarogram m 0 1 N KC! 



Fig 3 — Gibberellic acid prewave current (la) vs 
concentration 


Products such as tablets and bulk powders 
contain biologically inert materials which mav 
interfere with a polarographic assay Sodium 
lauryd sulfate and various dv’es were found to be 
particularly offensive The surface active agent 
interfered seriously with the mercury drop rate as 
well as producing its own reduction wave m the 
region of the gibberellic acid prewave The dyes, 
which can be used as maxima suppressors, com- 
pletely' prev'ented gibberellic acid reduction In 
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a search for a selective solvent for gibberellins, 
redistilled methyl isobutyl ketone ivas found to be 
satisfactors' even though traces of sodium laury! 
sulfate were carried along with the gibberellins 

Crushed placebo tablet material was extracted 
in a beaker with redistilled methyl isobutyl ketone 
The solvent was filtered, evaporated, and the 
residue dissolved in 0 1 iV KCl To this solution 
was added varying amounts of working standard 
gibberellic acid in order to establish a standard 
plot of id/c It was necessary to use this procedure 
because the intercept did not occur at the origin 
due to the small amounts of sodium lauryl sulfate 
present Using tablets of known gibberellic acid 
content, an average recovery of 97% was obtained 
by this method The maximum deviation of the 
polarographic measurement was observed to be 
± 2 % 

DISCUSSION 

Reduction Mechanism. — A plot of ij/c for the re- 
duction wave at —1 55 V (S C E ) of gibberellic 
acid, shown in Fig 4, immediately suggested a 
mechanism controlled by the ionization of the car- 
boxyl group Gibberellenic acid was observed to 
behave in a similar manner These waves are within 
the range of compounds having reducible functions 
and one or more carboxylic acid groups 



Fig 4 — Concentration t'S id using gibberellic acid 
wave at — 1 55 v iS C. E ) 


For confirmation of this assumption and in 
order to study the effects of pH on the prewave, a 
gibberellic acid solution in 0 1 A’' KCI was polaro- 
graphed sev'eral times after adding small successive 
increments of 0 002 N NaOH The procedure was 
repeated using 0 002 N HCl instead of alkali 
As seen in Fig 5, both uaves of gibberellic acid 
decrease to zero ^a on addition of alkali This 
zero intercept is equivalent to the titration end- 
point of the solution As would be expected, the 
u ave at — 1 65 V (S C E ) increases steadily when 
the solution is made more acidic. The prewave, 
houever, is relatively unaffected by acid as shown 
in Fig. 6. Both Figs 5 and 6 are corrected for the 
effects dilution uould have on id and represent the 
effects of acid and alkali concentration only. 



Fig 5 — Effect of alkali on both reduction wax’cs 
of gibberellic acid O ~155v (S C E). • — 1.0 
V to — 1 2 V (S C E ) 



01 2 345G78 

MILPIEQUIVALENTS X 10> HCl 

Fig 6. — Effect of acid on both reduction waves 
of gibberellic acid • — 1 55 v. (S C E ) 0—1.0 

X-. to -1 2 V. (S C. E ) 

A satisfactory explanation of the mechanism of 
reduction of the prewave is more difficult to obtain 
Approximation of the Ilkovic equation gave a 
value for n (apparent electron change per molecule 
reduced) of 0 38 while plots of log id — i/i vs E 'A 
gave a value of 0.44 This points up the irreversi- 
bility of the reduction but the polarographic 
wave slope is too large to be accounted for bt' an 
association or polymerization mechanism (7) 

On examination of the structure of gibberellic 
acid, the onij’ other apparent reducible sites are the 
metliylene group, the lactone group, and the double 
bond. Since gibberellenic acid contains the same 
methylene group, it would not be consistent to 
assign the prewave of gibberellic acid to reduction 
of this group A similar case may be drawn for the 
lactone group Tetrahydrogibbcrellic acid con- 
tains the same lactone group as gibberellic acid and 
is a completely saturated compound It docs not 
show the prewave reduction. In addition, lactones 
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are not usually reducible at potentials as low as 
— 12v (S C E ) (8) By a process of elimination, 
only the double bond remains as a choice and there 
has been some question about the polarographic 
reduction of isolated double bonds (9, 10) Di- 
hydrogibberellic acid (gibberclliii A,) would offer 
much information about this reduction; however, 
this compound is not presently available 

The effects of pH on the t,i of both waves show 
that the prewave is not kinctieally controlled in a 
manner similar to pyruvic acid (11) By heating a 
gibbcrellic acid solution to 80°, a large increase in 
Id "’as obtained, rather than complete disappear- 
ance, indicating that the prewavc is not produced 
by some adsorption phenomenon (12) If a 
double bond is involved in this reduction, it is 
possible that a two-step mechanism dependent on 
proton concentration, as discussed by Elving and 
Tcitelbaum, is operative (13) Such a mechanism 
would agree well with the observed behavior of 
gibbcrellic acid reduction in alkaline media 

SUMMARY AND CONCLUSIONS 

Tile polarographic properties of gibbcrellic acid 
and some related compounds have been studied. 


Gibbcrellic acid reduction is shown to consist of 
two separate mechanisms giving rise to a normal 
wave and a prewave. This prewave was found in 
only one other gibberellin examined and an assay 
method was based on this charaeteristic 
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Further Studies on the Relation Between /;/ V/^ro 
Disintegration Time of Tablets and the 
Urinary Excretion Rates of Riboflavin* 

By A. B. MORRISON, D. G. CHAPMAN, and J. A. CAMPBELL 


Rates of urinary excretion of riboflavin were determined after dosing subjects with 
eight preparations varying in in vitro disintegration time and physiological availa- 
bility. In vitro disintegration times were determined by the procedure given in 
U. S. P. XV Second Supplement, modified by the use of thirty minutes time in simu- 
lated gastric fluid and by the use of solid disks. Previous work was confirmed and 
additional evidence presented to show that tablets which did not disintegrate in 
one hour by this procedure were not fully available to the body, as judged by the 
urinary excretion of riboflavin. Use of the fluted disks of the existing _U. S. P. pro- 
cedure did not change the relationship between in vivo availability and in tvVro disin- 
tegration time. The height of riboflavin excretion curves was found to be directly 
proportional to physiological availability of the riboflavin and was inversely re- 
lated to in vitro disintegration time. Since rate of urinary excretion has been shown 
to be directly related to tissue levels for several drugs, it might be e.xpected that 
marked differences in blood levels of riboflavin would be produced by the various 

preparations tested. 


HE RESULTS of earlier studies from this labora- 
tory’ (1-3) suggested that tablets which did 
not disintegrate in one hour by a specified in vitro 
test were not fully available to the body, as 
judged by the urinary excretion of doses of ribo- 
flavin and p-aminosalicylate Although Endi- 
cott and Kirchmeyer (4) questioned these obser- 
vations, their findings that the riboflavin in 


* Received June 29, 1959, from the Food and Drop Labo 
ratones, Department of National Health and Welfare, Ottawa, 
Canada 

The authors are Rrateful for the continued cooperation and 
assistance of the subjects who took part in this investigation, 
and are indebted to Mr L G Chatten for some of the in 
vitro disintegration times reported, and to Mr C Perusse 
for chemical determinations 


tablets disintegrating in thirty-two to forty’-one 
minutes was fully’ available in vivo are in complete 
agreement with those of Chapman, et a! (1). 
Vliet (5) suggested that some of the tablets which 
Chapman, et al. (1), found to have in vitro dis- 
integration times of over sixty minutes, may’ have 
been enteric coated. In view of these questions, 
the present studies were conducted to investigate 
more closely the relationship between availa- 
bility’ of riboflavin in vivo and the in vitro dis- 
integration of sugar coated tablets, particularly 
those disintegrating within sixty’ to one hundred 
and twenty minutes. 
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It has been established that for several drugs, 
including sulfaethylthiadiazole (G), creatinine 
(7, 8), xylose (9) and galactose (10), the rate of 
urinai^^ excretion is proportional to tissue con- 
centration Since the rate of urinary excretion of 
riboflavin is probably also related to tissue con- 
centration, data were obtained on variation in 
excretion rate over a period of time after dosing 
with the various riboflavin-containing prepara- 
tions 

METHODS 

Physiological Availability. — As in previous studies 
(1, 2), the method used to determine the physiolo- 
gical availability of riboflavin was essentially that of 
Melnick, et al (11) Eight sugar coated products 
were tested during a two-year period. Six to 9 
normal male subjects, shown to be receiving nu- 
tritionally adequate diets, were used in the experi- 
ment While on test, they were allowed to consume 
their regular meals but were cautioned to refrain 
from eating foods high in riboflavin, such as liver, 
and to eat meals similar in nature from day to day. 
The subjects weie given doses of 5 mg or 10 mg of 
riboflavin in a rapidly disintegrating standard tablet, 
and 3 mg to 10 mg. of riboflavin as the commercial 
preparations The doses were given at 8 ‘46 a m 
after breakfast. Urine was collected in opaque 
bottles containing 2 ml of 3 5 iV HjSOi at two-, 
four-, six-, eight-, fourteen-, and twenty-four-hour 
intervals after dosing. Riboflavin in the tablets 
and urine was determined by the U S P XV 
fluorometric procedure (12) All gross excretion 
values weie corrected by subtracting the appro- 
priate blank determined on the urine of the same 
subjects witliout dosing. Calculations of avail- 
ability weie based on duplicate determinations of 
riboflavin in the tablets 

In Vitro Disintegration Times. — The apparatus 
described in U S P. XV Second Supplement (13), 
modified by the use of solid plastic disks, was used 
to determine disintegration time The tablets 
were immersed for thirty minutes in simulated 
gastric fluid and the remainder ol the time in simu- 
lated intestinal fluid Disintegration times re- 
ported were mean times of at least two separate 
tests on six tablets each. 

RESULTS 

Descriptive data on the preparations used are 
summarized in Table I. All of the products were 
sugar coated multivitamin preparations Products 
B, C, E, F, and H also contained minerals In 
vitro disintegration times varied from si\ty-two 
minutes (product H) to one hundred and twenty 
minutes (pioduct D) 

The data on urinary excietion of riboflavin after 
ingestion of 5 mg or 10 ing of the standard dose 
are summarized in Table II The mean excretion 
in five trials conducted over a two-jear period 
varied from 57 to 00%, with an over.all mean of 
58% As might be expected in view of the findings 
of Melnick. ft a/ ( 1 1 ), Hegsted, ft at (14), and others, 
considerable v.iriation was found in the percentage 
of the standard dose of riboflavin excreted by the 


various subjects Significant variation in percen- 
tage excretion by the same individual in different 
trials was also noted The remarkable constancy 
in the mean percentage excretion obserx-ed in 
repeated trials in the present studies is in agree- 
ment with the findings of Melnick, et al. (11). 

The results of the physiological availability 
studies are summarized in Table III. The high 


Table I. — Description of Products Studied 





In Vtlro 






Distn 

Rxbo 

Ribo 




legration 

flavnn/ 

flavin/ 




Time, 

Unit, 

Dose, 

Product 

Medication 

nun 

me 

mg. 

A 

Multivitamins 

69 

6 0 

6 0 

B 

Multivitamins 





and minerals 

75 

5 0 

10 0 

C 

Multivitamins 





and minerals 

75 

5 0 

5 0 

D 

Multivitamins 

120 

4 0 

4 0 

E 

Multivitamins 





and minerals 

78 

2 5 

5 0 

F 

Multivitamins 





and minerals 

69 

2 5 

5 0 

G 

Multivitamins 

69 

2 0 

4 0 

H 

Multivitamins 





and minerals 

62 

3 0 

3 0 

Table II — Percentage 

OF Standard Dose of 


Riboflavin Recovered in Urine 



Trial 1 

Tnat 2 

Tnal 3 

Tnal 4 

Tnat 5 


10 mg 

5 mg 

5 mg 

5 rag 

S-mir 


Dose 

Dose 

Dose 

Dose 

Dose 

Subject 

1957 

1957 

1959 

1959 

1959 

A.B M 



36 

52 

72 

J A C 

58 

56 

66 

64 

54 

T.K m 

38 

51 

53 


75 

J M M. 

53 

49 

75 


62 

R C. 

78 

76 




D G C 

63 

62 




L C 

56 

41 




T P 

56 



79 


E M. 

60 

67 




O P 

60 





C P 



62 

27 

50 

D S 



74 

50 

49 

K S 



51 

67 

59 

Mean 

58 

57 

58 

Oi 

60 


Table III. — Physiological Availability or 
Riboflavin in Eight Products 


Riboflavin Available in Product, 9c 


Subject 

A 

B 

C 

D 

E 

r 

G 

H 

A.B M 





33 

88 

11 

66 

J.A C 

103 

36 

14 

5 

80 

97 

35 

91 

T K M 


27 

0 

11 

12 

54 

38 

58 

J.M M 


80 

2 

0 

69 

120 

92 

98 

R C 

81 

65 

48 

8 





D.G C 

40 

52 

98 

0 





L C 


39 

2 






T P 

42 

56 






79 

E M 

98 

23 

2 

22 





O P. 

02 

IS 


53 





C P 





19 

139 

42 


D S 





77 

53 

51 


K S 





64 

14 

45 

21 

Mean 

72 

44 

24 

14 

51 

81 

45 

69 

In vitro disintegration time 






Solid disks 

69 

75 

75 

120 

78 

69 

69 

62 

Fluted 









disks 





89 

84 

61 

GO 
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TIME IN HOURS 

Fig 1 — Urinary e\cretion cunes of riboflavin ineiglit tablets (O — -O) tlisintegratingiK ii/roin one to two 
hours compared Mitli curtes for a ribofla\m standard tablet (• •) 


variation noted bctneen subjects is tipical of 
results obtained uitli preparations on the border- 
line of availability (1) None of the tablets nas 
fully aiailable physiologically In xilro disiiitcgia- 
tion times tended to be inversely related to phj- 
siological availabihtj Preparation A, nliich dis- 
integrated m si\t 3 ^tMo minutes i« vitro, nas onlj- 
69% available in viva Preparation D, uhich had 
the longest disintegration time studied (one hun- 
dred and tnentj minutes), nas the least atailable 
in VIVO (14%) The riboflavin in this preparation 
was completely unavailable to two of the seven sub- 
jects who consumed it 

Data on rate of excretion of riboflavin after in- 
gestion of the eight preparations were compared 
with those for the combined 5 mg standards m 
Fig 1 A semilog plot was used, as suggested by 
Swmtosky, et al (6) The peak urinary excretion 
rate declined with increasing disintegration time 
and was directly related to physiological availa- 
bility The peak of riboflavin excretion occurred 
earlier with the standard than with any of the 
preparations studied The maximum rate of 
urinary excretion (0 40 meg /mm ) found with the 
product of lowest physiological availability (prod- 
uct D) was only 4 2% of that found with the 
standard (9 45 meg /min ) The excretion curve 
found with product A was similar in shape to that 
found with the standard, except that the highest 
excretion rate recorded was only 5 92 meg /mm 
as compared to 9 45 meg /min. for the standard 


Piodiicts B, C, and D showed low peak excretion 
rates and low ph) siological a\ ailabihti Product 
E, wliicli was 51% axailable in iiio, showed a peak 
excretion rate of 5 15 meg /mm However, the 
rate of excretion found with this product declined 
somewhat more rapidly than did that of the stand- 
ard The peak excretion rate attained with 
product F was onh 5 48 meg /mm , but the ribo- 
flavin m this product was excreted more slowlj' 
than that in the standard dose, resulting in the 
highest availability (81%) of the products tested 
Products G and H had peak excretion rates of 
onlj’ 1 71 and 2 89 meg /mm , respectii elj' 

In further studies, the details of which are not 
reported herein, the phj siological availabihtj^ of 
riboflavin was determined m two pelleted "timed 
release” preparations containing amphetamine 
and vitamins and prepared bj’ the same manufac- 
turer The riboflavin m one preparation was fullv 
available in vivo, whereas that in the second prep- 
aration was only 36% available In vitro disinte- 
gration times could not be determined on these 
pelleted products by the U S P procedure 

In vitro disintegration times on four of the prep- 
arations studied herein were also determined bj' 
use of the fluted disks described m U S P XV 
Second Supplement (13) The results were plotted 
against percentage physiological availability in 
Fig 2 For comparison, the data of Chapman, 
et al (1), obtained with rubber disks, and those of 
the present studies obtained witli solid plastic 
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Fig 2 — Relation between in vitro disintegration 
time of sugar coated tablets and physiological avail- 
ability of riboflavin. 


disks, were also plotted The relationship found 
between in vitro disintegration time and in vivo 
availability was similar with all three tj'pes of 
disks, i e , of 33 different tablets tested, none with 
in vitro disintegration times exceeding sixty minutes 
were fully available in vivo. 

DISCUSSION 


more soluble than riboflavin This point is largely 
academic, however, since most multivitamin tablets 
contain riboflavin and if a longei disintegtation 
time weie permitted, the riboflavin content of 
such tablets would not be available to the body 
As was pointed out previously (16) the use of 
urinary excretion data to evaluate the release of 
drugs requires recognition of the fundamental 
relationship that exists between concentration or 
amount of drug in the blood and other fluids of 
distribution, on the one hand, and excretion rate 
of the drug on the other. It has been established 
both by experimental work and theoretical con- 
siderations that for several drugs, the excretion 
rate is directly proportional to the amount or con- 
centration of drug or other exogenous substances 
in the blood This relationship has been shown 
to be true for creatinine, xylose, and penicillin. 
There is considerable evidence (17) that, in human 
subjects, the rates of urinarj' excretion of water- 
soluble vitamins are directly proportional to tissue 
levels and to the quantity of vitamins consumed, 
if the subjects are subsisting on an adequate diet. 
There seems little doubt, therefore, that measure- 
ment of the rate of urinary excretion of riboflavin, 
after dosing normal subjects with various ribo- 
flavin preparations, provides a valid measure of 
the availability of the dose to the body and of 
tissue levels produced by the dose. Thus, marked 
differences in blood levels of riboflavin might be 
expected after ingestion of the products tested in 
the present studies For instance, it seems rea- 
sonable to assume that the blood level of riboflavin 
found with product D (14% available m vivo) 
would at no time be more than approximately 6% 
of that found with the standard It is obvious 
that such a product would be unlikely to yield de- 
sired clinical effects 


The results of the present studies confirm those 
published previously (1-3) and would appear to 
remove any doubt there may have been concerning 
the validity of the sixty-minute time limit suggested 
for the in vitro disintegration of sugar coated tablets 
containing riboflavin A disintegration time of 
sixty minutes obtained by the procedure used 
herein would be approximately equivalent to ninety 
minutes by the U S P procedure. It has recently 
been proposed that the time limit for decavitamin 
tablets be reduced from four hours to two hours 
(15). The results of the present studies would 
indicate that the riboflavin in sugar coated tablets 
requiring two hours for in vitro disintegration by 
the U S P test would not be fully available to 
many subjects It is obvious that the one-hour 
time limit for tablets containing riboflavin only 
applies to those tablets which disintegrate uniformly 
It docs not hold for tablets in which the riboflavin 
IS on the outside of a relatively resistant core, or 
beside a moie resistant layer. It is still possible 
of course, as Endicott and Kirchmeycr (4) have 
pointed out, that a somewhat different relationship 
might be obtained with other vitamins wdiich are 
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A Rapid and Sensitive Method of Quantitative 
Determination of Apomorphine* 

By P. N. KAUL, E. BROCHMANN-HANSSEN, and E. LEONG WAY 


A rapid and specific assay procedure has been developed for the routine determina- 
tion of apomorphine. The method involves oxidation of the compound by mercuric 
chloride and ultraviolet absorption analysis of the extracted reaction product at 330 
riifi. The product obeys_ Beer’s law over a wide range of concentration. Optimum 
conditions for the reaction have been investigated. The method has been applied 
to the recovery of added apomorphine from aqueous solutions and biological ma- 
terials. As little as 0.1 meg. per ml. can be assayed by the procedure. 


A POMORPiilNE e.xhibits unique pharmacological 

^ properties when administered to different 
animal species. Although used clinically as an 
expectorant and emetic, its usage for stimulating 
race horses has also been suspected. Detection 
of apomorphine, illegally administered to such 
animals, and studies on its metabolism require a 
sensitive and specific method for its identification 
and quantitation. 

Although several more or less specific color 
reactions have been developed for qualitative 
detection of apomorphine (1, 2), no satisfactory 
method is available for its quantitative determi- 
nation in microquantitics. Titration procedures 
in aqueous or nonaqueous media (.3, 4) arc not 
sufficiently sensitive or specific for most biological 
work. General phenol reactions, adapted to 
quantitative determination of apomorphine (5), 
also lack specificity. 

Apomorphine is a strong absorber of ultra- 
violet radiation, and it can, if of sufficient purity, 
be determined by ultraviolet spectrophotometr}’’ 
(6). However, because of its labile nature, it 
has proved difficult to purify this compound to 
the extent that a low blank value may be obtained 
from biological materials, without appreciable loss 
of apomorphine. 

In 1915, Grimbert and Leclere (7) reported a 
color reaction for apomorphine based on its 
oxidation by mercuric chloride in a weakly basic 
medium of sodium acetate. The oxidation 
product was extracted with amyl alcohol which 
acquired a blue color. This reaction is used as a 
test for identity of apomorphine in the French 
Pharmacopeia (8), and is said to have a sensi- 
tivity of about 2 p. p. m. 

In this paper, the original color reaction of 
Grimbert and Leclere has been studied, modified 
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to further increase its sensitivity, and adapted 
to quantitative determination of apomorphine. 
The resulting method has been found to be of 
particular value for analysis of microquantities of 
the compound in biological materials because 
naturally occurring catecholamines, related struc- 
turally to apomorphine, do not interfere. 

EXPERIMENTAL 

Reagents and Equipment. — Saturated mercuric 
chloride solution: 5 Gm. of mercuric chloride is dis- 
solved in 100 ml. of water by heating on a steam 
batli, tlic solution is allowed to cool to room tempera- 
ture, and filtered; isoamy] acetate, Mallinckrodt 
A R grade; Mcllvainc buffer solution, pH 6.0 (9); 
apomorphine Iiydrochloridc, U. S. P.; 50-ml. glass- 
stoppered centrifuge tubes; a suitable pH meter, 
Leeds Northrup model was used; and a suitable 
spcctropl)otometer for recording absorbance at 330 
m/i. Tlie Carj- model 11 recording instrument was 
used for the work reported here. 

Analytical Method. — The solution to be anab'zed 
is diluted to a concentration of about 15 to 30 meg. 
per ml. of apomorphine. To a SO-ral. glass-stop- 
pered centrifuge tube are added 4 ml. of the diluted 
apomorphine solution, 1 ml, of the buffer solution, 
and 3 drops of the mercuric cldoride solution. The 
mixture is heated in a water bath at 70° for three to 
four minutes, and tlien cooled to room temperature 
under running water. Ten milliliters of isoamyl 
acetate is added with a pipet and the tube shaken for 
one minute. The phases are separated by centrif- 
ugation, and the absorbance of the isoamyl acetate 
layer determined at 330 m/j against the solvent. 
Tlie amount of apomorphine in the 4-ml. aliquot is 
obtained from a standard curve prepared from kno\vn 
solutions analyzed in the same way. 

Spectral Characteristics. — Figure 1 shows the 
absorption spectrum of tlie colored reaction product 
in isoamj’l acetate. The oxidation product e-\hibits 
two maxima at 540 m/j and 400 m/a in the visible 
region, and a sharp maximum of much greater 
absorptivity at 330 m/a. In amyl alcohol, the ex- 
traction solvent originallj' suggested bj' Grimbert 
and Leclere (7), the absorptivities are only about 
one-half of the corresponding values in isoamyl ace- 
tate. It is interesting to note that although the 
reaction is a colorimetric identification test for apo- 
raorphine, the absorbance measurement at 330 m/a in 
the ultraviolet region serves as a sensitive means for 
its quantitative estimation. Tlie reagent blank at 
this wavelength reads zero absorbance. 
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Fig. 1. — Absorption spectrum of the oxida- 
tion product of apomorphine in isoamyl acetate. 


The oxidation product exhibits different colors in 
different solvents, perhaps due to the formation of 
different ir-complexes. The color is green in water; 
blue in methanol, ethanol, amyl alcohol, and chloro- 
form; pink in benzene, ether, and carbon tetra- 
chloride; and violet in isoamyl acetate. In all these 
solvents, the peak at longer wavelength in the visible 
range shows a considerable shift, whereas there is 
only a slight shift in the ultraviolet peak. 

Effect of pH. — The oxidation was carried out as 
described under “Analytical Method” at 70° for 
four minutes, while the pH was varied from 2.2 to 
8.0 with Mcllvaine buffers. The effect of pH on 
the reaction is illustrated in Fig. 2. Maximum 
absorbance values are obtained at pH 6. 



pH 

Fig. 2. — Effect of pH on the oxidation reaction of 
apomorphine. 

Effect of Temperature and Time. — Figure 3 shows 
the temperature dependence of the reaction at a 
constant pH of G.O and a heating time of six minutes. 
The combined effect of time and temperature on the 
reaction is illustrated in Fig. 4. 

At room temperature the reaction is slow, but the 
rate increases rapidly with an increase in tempera- 
ture. Although various time-temperature combina- 
tions above 60° will give satisfactory results, a heat- 
ing time of three to four minutes at 70° was chosen 
as most convenient. At lower temperatures, the 
reaction never reaches an optimal maximum. Pro- 
longed heating results in decomposition of the rcac- 



10 20 30 40 so 60 70 60 90 

TEMPERATURE C° 

Fig. 3. — Effect of temperature on the oxidation 
reaction of apomorphine. 



Fig. 4. — Effect of time of heating of the reaction 
mixture at different temperatures. Absorbance 
readings at 330 m^i. 


tion product, more so, however, at lower than at 
higher temperatures. 

Efiect of Concentration. — The effect of concen- 
tration of apomorphine on the reaction is given in 
Fig. 5, which shows that the reaction obeys Beer's 
law over a wide range. 

Specificity. — The color reaction was carried out 
with catechol, epinephrine, norepinephrine, and di- 
hj’droxyphcnylalanine (DOPA). None of the col- 
ored reaction products given by these substances 
showed any absorbance at 330 mp. 

Procedure for Biological Materials. — ^While the 
analytical method described above is directly 
applicable to simple apomorphine preparations, such 
as injections or tablets, analysis of more complex 
preparations or biological fluids requires an extrac- 
tion and purification step prior to the actual deter- 
mination. The extraction procedure is; to a 4-ral. 
aliquot of diluted preparation in a separatory funnel 
arc added enough 10% ammonia solution to give a 
pH of 6 to 7 and 20 ml. of C. P. ethyl acetate. The 
mixture is shaken for two minutes and the phases 



C40 


Journal or THE Amdrican PiiARMAcnuTicAL Association Vol XLVIII, No 11 



Fig 5 — Standard cur\e for the oxidation reaction 
of apoinorpliine 

alloned to separate The aqueous phase is drained 
into another separatorj funnel and tlie organic phase 
washed with 1 ml of water which is then combined 
with the aqueous phase Tlie ethj 1 acetate laj cr is 
shaken immediately with 5 ml of 0 05 N hjdro- 
chloric acid and set aside w hilc the combined aqueous 
laj er and wash from the first extraction is shaken with 
10 ml of ethj 1 acetate After separation of the two 
phases, the ethjl acetate layer is again washed with 
1 ml of water, the wash being combined with the 
aqueous lay er and the eth\ 1 acetate lax er added to 
the cthy 1 acetate hy drochlonc acid mixture The 
extraction of the original aqueous phase and washing 
IS repeated a third time with 5 ml of ethxl acetate 
The combined ethx 1 acetate extracts and tlie 0 05 N 
hydrochloric acid are shaken for about two minutes 
The acid extract is collected m a 10 ml x olumetric 
flask, and the extraction repeated with 3 ml and 2 
ml of 0 05 A’' hydrochloric acid The final xoliiine 
IS adiustcd to the mark w itli acid The color reac- 
tion IS earned out on a 4 ml aliquot as described 
under 'Analytical Methods," with the exception 
that the Mcllxame bufTcr used m these expcnmeiits 
should be pH G 4 and fix e times the usual strength 
This produces the desired pH of G 0 m the reaction 
mixture 

Addition and Recovery Experiments — Knoxxn 
amounts of apomorphme hydrochloride were dis 
solved 111 acidified water and urine siiecimciis 
Aliquots of 4 ml xvere subjected to the extraction 
procedure described above, and finally assayed by' 
the "Analytical Method ” Table I gives the per 
cent recoveries from aqueous solution and urine 
specimens of humans, horses, and rabbits It can 
be seen that w hile the recovery from urine w as about 
20% lower than that from aqueous solution, the 
respective recox'ery' values from the urine of each 
species were quite consistent, varying less than 
±3% Zero absorbance at 330 niji was observed 
XX hen the blank specimens of all species xx ere carried 
through the procedure 

DISCUSSION 

Apomorphme is fairly' stable m acidic aqueous 
medium, but its stability decreases rapidly with 
increasing pH The addition of ascorbic acid has 
been used to stabilize apomorphme preparations 
(10) In our xvork the use of ascorbic acid to ensure 
greater recoveries of added apomorphme from 


Table I — Recoveries of Apomorpiiine After 
Addition to Aqueous .Solutions and Urine 


Amount 



Amount 

Added 

Re 

covered 

Recovery, 

Material 

meg 

meg 

% 

Aqueous Solutions 

84 5 

83 0 

98 2 


84 5 

83 8 

99 1 


84 5 

84 5 

100 0 


84 5 

82 8 

98 1 


84 5 

8G 4 

102 2 

Human urine with ad- 

8G G 

G7 8 

78 4 

ded ascorbic acid 

8G 6 

C9 8 

80 6 


8G G 

70 8 

81 8 


8G G 

G7 8 

78 4 

Human urine without 

85 5 

72 0 

84 5 

added ascorbic acid 

85 5 

71 0 

83 4 


85 5 

72 2 

84 6 

Horse urine 

20 9 

IG 2 

77 5 


20 9 

IG 5 

78 7 


20 9 

16 5 

78 7 


20 9 

16 5 

78 7 


20 9 

IG 6 

78 7 


31 4 

24 9 

79 3 


31 4 

25 3 

80 6 


31 4 

24 9 

79 3 


31 4 

26 0 

82 8 

Rabbit urine 

95 5 

78 8 

82 5 


95 5 

78 0 

81 7 


95 5 

79 5 

83 3 


05 5 

78 5 

82 2 


biological fluids was of no xalue Solxents also 
seem to have an effect on the stabihtx of the free 
base Chloroform faxors a rapid decomposition, 
xxliercas ctlix 1 acetate has been found to be the most 
satisfactory solxcnt for immiscible solxent extrac 
tion It eficcts complete extraction of the base from 
an aqueous solution at pH G to 8, and if shaken 
xxith aqueous acid xxithin three to fixe minutes, no 
detectable loss of apomorphme results 

The ty pe of buffer used to maintain the optimum 
pH of the oxidation reaction mixture appears to be 
iiiiinaterial Acetate and phosphate buffers of the 
same pH gix e similar results The Mcllx’aine buffer 
XX as preferred because of its greater capacity in the 
desired range of pH ±02 

Rccox cries from urine xxere consistently lower 
than those from aqueous solutions It appears 
that there is modification of some of the apomor 
phinc cither through complex formation with some 
substances normallx found in the urine or because 
some of the drug is strongly adsorbed on the colloidal 
material present m it \^arious attempts to recox er 
the apparently modified or adsorbed fraction of the 
drug through (a) the hy droly sis of the residual urine 
left after extraction procedure and then re extrac- 
tion of the liberated apomorphme, if any , (b) the 
use of modified extraction procedure, involving 
excessive immiscible solvent extractions, and (c) 
modifying the conditions for the color reaction to 
improxe the recovery, xvere all m xam Further 
XX ork along these lines to explain the discrepancy- is m 
progress 

Relatively high specificity of the reaction for 
apomorphme and insignificant blank absorption 
x-alues obtained from biological materials xvhen 
carried through the procedure indicate the usefulness 
of the method for biological work By- increasing 
the path length of absorption and reducing the ex- 
traction volume of isoamy-I acetate, the sensitixity 
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of the method may be increased many-fold As 
httle as 0 1 meg per ml of apomorphine can be 
easily estimated Such a sensitivity vould find 
application in studying the in vilro enzymatic 
degradation of the drug Presently, the method is 
being used for studying the metabolism of apomor- 
phine. 

SUMMARY 


determined By simple manipulations, as httle 
as 0 1 meg per ml can be determined A 
procedure has been described for the evtraction of 
apomorphine from biological material and solu- 
tions containing interfering substances, and the 
color reaction has been applied to such extracts 
from human, horse, and rabbit urines. 


The oxidation of apomorphine hydrochloride 
with mercuric chloride under standard conditions 
gives a green-colored product which turns violet 
when extracted into isoamyl acetate. The 
absorption peak at 330 mtt exhibited by the 
colored reaction product, in addition to its peaks 
in the visible region, has been used for quantita- 
tive determination of apomorphine Cate- 
cholamines and other related polyhydroxyphenols 
in urine do not interfere in the estimation. 

Optimum conditions for the reaction have been 
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Kinetics of the Specific Base-Catalyzed Hydrolysis 

of Naphazoline^ 

By MARVIN J. STERNf, LOUIS D. KING, and ARNOLD D. MARCUSJ 

The rate of the specific base-catalyzed hydrolysis of naphazoline has been found to be 
first order with respect to both naphazoline and hydroxyl ion, regardless of whether 
the naphazoline exists as the protonated or unprotonated species. A theoretical iso- 
thermal equation expressing the pseudo-first order specific rate constant as a func- 
tion of the hydronium ion and hydroxyl ion activities has been derived, and at 25° 
appears to hold true over a ten million-fold variation in catalyst (hydroxyl ion) con- 
centration. The activation energies and frequency factors for both the hydrolyses of 
protonated naphazoline and unprotonated naphazoline have been experimentally de- 
termined. The reaction involving protonated naphazoline is favored by frequency 
while the reaction involving unprotonated naphazoline is favored by energy. The 
frequency effect is the greater so that, at normal temperatures, protonated naphazo- 
line hydrolyzes about one thousand times faster than the unprotonated form. Pos- 
tulations for the mechanisms of the reactions have been made in light of the kinetic 
data and a generalized equation for calculating the observed rate constant has been 

devised. 


LTHOUGH the hydrolytic degradation of 
esters, amides, imides, and other carbonyl 
compounds is well recognized, the ability of other 
structures to degrade through a hydrolytic mech- 
anism is often overlooked Such oversights may^ 
be particularly costly in pharmaceutical research. 
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Excellent examples of such “other” species are the 
imidazolines It is, therefore, the purpose of the 
present communication to describe the kinetics 
of the specific base-catalyzed hydrolysis of a 
typical imidazoline — naphazoline 
Naphazoline, 2-(l-naphthylmethyl)-2 -imid- 
azoline, has been shown to be relatively stable in 
acidic or neutral solutions but readily prone to 
h)'drolysis in basic solutions The first step in 
this reaction (1) results in the formation -of 1- 
naphthylacetylethylenediamine, which, upon 
more vigorous treatment (2), undergoes further 
cleavage to form 1-naphthylacetic acid and 
ethylenediamine. These reactions can be repre- 
sented by the following scheme: 
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It will be shown in the following sections that the 
above equations appear to hold true and the 
assumptions made in their derivations are valid. 

EXPERIMENTAL 

Determination of Dissociation Constants. — The 
dissociation constant of naphazoline conjugate acid 
at each of three temperatures was determined by 
carefully preparing volumetric solutions of known 
concentrations of naphazoline ht'drochloride and free 
naphazoline base.* This was accomplished by dis- 
solving a known weight of the salt in recently boiled, 
double-distilled water and adding a known volume 
of a standard sodium hydroxide solution. Enough 
sodium chloride to bring the ionic strength to 0.6 
was added and the solution was brought to volume 
with recently boiled, double-distilled water. The 
pH of the solution was immediately measured at the 
desired temperature using a Beckman Model H2 pH 
meter. The pKa value was calculated from Eq. 9. 

The Values of the dissociation constants so ob- 
tained were "semi-classical” values, i.e., based on 
hydrogen ion activities and all other values as con- 
centrations. Since all of the measurements and cal- 
culations involved are actually in these units, 
the “semiclassical” dissociation constants are the 
proper values to use. Due to the presence of con- 
centration terms, these constants had to be measured 
under conditions of the same ionic sterngth as 
the experimental naphazoline solutions in order to 
be meaningful. 

Buffer Systems. — Buffer solutions were utilized 
in order to keep the hydroxyl ion activities constant 
during the kinetic runs. To obviate any error due 
to the effect of ionic strength on the reaction rates, 
all buffers were made to have ionic strengths of 
exactly 0.6 by adjustment with sodium chloride. 
The buffers were prepared by blending a solution of 
the base (or acid) at ii—O.Q and a solution of its 
salt at a =0.6 until the desired pH was obtained. 
The solutions were made 0.2 ilf with respect to total 
buffer constitutents wherever the solubility per- 
mitted. The ionic strength figure of 0.6 was chosen 
since this represents the ionic strength of a 0.2 M 
solution of a 1 : 2 or 2 : 1 electrolyte. 

Buffers were prepared to cover the pH range of 
approximately 6 to 14. The buffer types, in order of 
increasing pH, were; triethanolamine-triethanol- 
amine hydrochloride, sodium borate-boric acid, 
sodium carbonate-sodium bicarbonate, diethyl- 
aminc-diethylamine hydrochloride, and for very 
high pH’s (above 12), dihite solutions of sodium 
hydroxide were used. The usual calcium or 
barium hydroxide could not be used due to the 
presence of sodium bicarbonate in the assay pro- 
cedure (3). Phosphate salts also could not be used 
in buffers for this work since their presence seemed 
to prevent the colored complex developed in the 
assay from adhering to Beer’s law, even in very 
dilute solutions. 

The highest pH obtainable was 13.48 at 25°, corre- 
sponding to a 0.6 sodium hydroxide solution. 
The fact that the buffer solutions were all made 
to have ionic strengths of 0.6 precluded the use of 
more concentrated hydroxide solutions. 


I Due In the low solubility of the napharolinc base, the 
Gluttons were made on the order of 2 5 X 10"* J/ with re- 
*!pccl to the SstU and base. 


An important consideration in the use of buffer 
solutions is the fact that the hydroxyl ion activity 
changes with temperature by virtue of the thermal 
change of the value of the ion product of water. 
The change in hydroxyl ion activity is especially 
evident in the case of acid-salt buffers where the 
hydronium ion activity is kept relatively constant 
and changes in the ion product of water are reflected, 
tor the most part, in changes in the activity of 
hy'droxyl ion. Even in base-salt buffers, however, 
there is an appreciable thermal change in h_vdro.\yl 
ion activity. The common practice of ignoring 
these changes was considered to be highly in- 
accurate, since calculations show that in a reaction 
first order with respect to hydroxyl ion, a change of 
as little as 0.2 pOH units represents an error of about 
60% in the specific rate constant. This error is 
even greater in reactions of higher order with 
respect to hydroxyl ion. 

In order to determine the correct values of the 
hydroxyl ion activities, the pH of each buffer was 
measured at the temperatures at which the kinetic 
runs were made. The pH’s were subtracted from 
the thermodynamic pKw’s at the temperatures in 
question (4) to give the pOH’s. 

Kinetic Runs. — One hundred milligrams of napha- 
zoline hydrocliloride was placed in a 100-ml. glass- 
stoppered volumetric flask, enough buffer solution 
added to make 100 ml., and the solution was filtered. 
The flask was placed in a constant temperature 
oil bath. After thermal equilibrium had been at- 
tained, a 5-ml. sample was removed from the flask, 
delivered into a glass vial, stoppered, and plunged 
into an ice-water mixture. In the case of high pH 
systems, where sudden cooling was not sufficient to 
quench the reaction, the vial contained a pre- 
determined amount of hydrochloric acid sufficient 
to give a final pH of about 6. This sample was ar- 
bitrarily designated as the "zero-hour” sample. 
Additional samples were removed and quenched 
after appropriate time intervals. All samples were 
refrigerated until the time of assay. 

Routine analyses for residual naphazoline were 
carried out by the colorimetric method of Slack and 
Mader (3). Prior to color development, the 
solutions were diluted with sufficient buffer so that 
the absorbance of the colored complex did not 
exceed 0.4. At higher absorbances, the buffer 
constituents appear to cause deviations from Beer’s 
law. 

The analytical procedure used to verify the 
stoichiometry of the reactions was the partition 
chromatographic procedure of Schwartz. Kuramoto, 
and Malspeis (2), as modified by Stern (5). 

All volumetric withdrawals from the refrigerated 
samples were done with the vials at 0°. 

RESULTS AND DISCUSSION 

Dissociation Constants. — ^The pKa values of 
naphazoline conjugate acid were determined as de- 
scribed in the experimental section. Three solutions 
of different base: salt ratios were used for the 
determination of each pKa value and the average 
was taken. These "semiclassical” pKa values at 
0.6 inonic strength are given in Table I. These 
values are in very good agreement with the results 
of Hall and Sprinkle (6) who found that the pKa’s of 
the conjugate acids of bases of about the strength of 
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Table I — Semiclassical Dissociation Constants 
OF Naphazoline Conjugate Acid at = 0 6 


Temperature 


° C 


pKa 


25 0 10 35 ± 0 02 
35 0 10 13 ± 0 02 
45 0 9 92 ± 0 03 


naphazoline showed a linear decrease of about 0 02 
for each degree increase in temperature 

Verification of the Stoichiometry of the Reaction 
— In order to show that Indroljsis was the only 
degradative pathwaj under the conditions cmplojed 
in the kinetic runs, it was iiccessan to icrif\ the 
stoichionietrj of the reaction A kinetic run in 
pOH 4 55 borate buffer at 05° was chosen for this 
since this pOH and temperature were considered 
to be most representative of the conditions cmploj cd 
in the subsequent kinetic runs This buffer also 
corresponded m pH to the internal phase of the 
Cehte 545 partition column cmploj cd in the 
assaj (2, 5) 

The samples were assaied for naphazoline. 1 
naphthj lacetj lethj lenediamme, and 1 naphtinl 
acetic acid The results are illustrated graphicalU 
in Fig 1 This plot clearh shows that hj droK SIS IS 
the onlj significant degradative pathwaj' under the 
conditions emploi cd since all of the naphazoline was 
accounted for and the total molar concentration of 
naphazoline plus its hvdrolj tie degradation products 
was constant The l-naphth> lacetj lethvlcncdi 
amine did not In droU ze to anj' significant evtent to 
form 1 naphthj lacetic acid 



Fig 1 — Verification of the stoichiometrj of the re- 
actions 

Efifect of Naphazoline Concentration — In Fig 
2. the residual naphazoline concentrations from the 
kinetic run m pOH 4 55 buffer at 65° are plotted 
logarithmicallj against time From the straight 
line obtained, it appears that the rate of hj drolj'sis 
exhibits a first order dependencj on the n iphazoline 
concentration The fact that the same line was ob 
tamed when calculated from direct analysis of the 
residual naphazoline or from the analj'zed con 
centrations of the decomposition products further 
illustrates the stoichiometry of the degradation All 
of the subsequent kinetic runs throughout the en 
tire temperature and pH ranges that were investi 
gated showed similar first order dependencies 
From the theoretical considerations presented, this 
would certainlj indicate that the reaction is first 


order with respect to naphazoline regardless of 
whether the imidazoline exists as the protonated or 
unprotonated species 

Effect of Hydroxyl Ion Activity. — In Fig 3 the 
logarithms of the pseudo first order rate constants 
have been plotted against pOH for the range where 
naphazoline exists almost exclusivelv in the proton 
ated form Straight lines w ith slopes of — 1 00 have 
been obtained, which, from Eq 13, indicates that 
the rate of hydrolj’sis of naphazoline is first order 
with respect to hj'droxjl ion The plots have 



Fig 2 — Kinetic run at 65 0° in 0 1 M borate buffer, 
11 = 0 6, pOH =4 55 



Fig 3 — Effect of hv droxj 1 ion activ itj on the rate 
of hj drolj SIS 
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been extrapolated to the "y" intercepts to obtain 
the logarithms of the second order specific rate 
constants which appear in Table II 

It can be seen in Fig 3 that the points in the 
vicinity of pOH 3 5-3 8 do not fall on the lines, but 
below them These deviations are in accord with the 
theoretical considerations governing high pH 
(low pOH) s)'stems where the presence of the un- 
protonated form of naphazoline is greatly increased 
All other things being equal, the unprotonated base 
would react at a slower rate than the protonated 
salt form due to the coulombic attraction be- 
tween the latter and hj'droxyl ions. 

The effect of hi’drox-yl ion on the rate of hydrolysis 
at 25° in the pOH range 0-8 is given in Fig 4 
While the points were experimentally determined, 
the line was not fitted to the experimental data, but 
instead, was drawn to represent the relationship 
expressed by Eq 12 The values of kon-, s and 
kon~, B used in solving Eq. 12 were 182 liters moles'* 
hours'* and 0 187 liters moles'* hours'*, respec- 
tively The value of kon-, s was obtained by extra- 
polation from results at higher temperatures The 
kinetic run at 25° at pH 12 98 was used for the deter- 
mination of kon-, B 

Inasmuch as the derivation of Eq 12 required 
that the hydrolyses of both protonated and un- 
protonated naphazoline have the same kinetic de- 
pendency on hydro.xj'l ion, the excellent agreement 
shown in Fig 4 between the experimental results 
and theoretical equation indicates that this re- 
quirement was met Since it has been shown that 
the hydrol}’’sis of protonated naphazoline is first 
order with respect to hydroxyl ion, the hydrolysis 


Table II — Specific Rate Constants at 
Elevated Temperatures for the Hydrolysis op 
Protonated Naphazoline 


Temperature 

^on- 5. liters 

° C 

moIcs“‘ hours 

95 

3 4 X 10* 

85 

1 8 X 10* 

75 

9 8 X 10» 

65 

4 7 X 10’ 

55 

2 2 X 10’ 


The temperatures ^^cre controlled to ±0 05° or better 


§ 


Fig 4 — Effect of lydroxyl ion activity on the 
rate of hydrolysis at 25 0°. The line represents the 
relationship expressed by Eq 12 The open circles 
are e.xpcrimcntal points determined at 25 0° The 
solid circles arc e.xpcrimental points determined at 
other temperatures and e.xtrapolated to 25 0°. 



of unprotonated naphazoline must also be first 
order mth respect to this ion. 

Temperature Dependencies of the Reactions. — 
The Arrhenius-t 3 'pe plots which appear in Figs 5 
and 6 show the temperature dependencies of the re- 
actions Difficult}' nas encountered during at- 
tempts to determine the effect of temperature on the 
rate of hydrolysis of the unprotonated form of 
naphazoline. The difficult}' evolved from the fact 
that at normal temperatures the specific rate of 
hydrolysis of the protonated form is about one 
thousand times faster than that of the unpro- 



Fig 5 — Effect of temperature on the rate of hy- 
drolysis of protonated naphazoline. 



Fig 6. — Effect of temperature on the rate of hy- 
drolysis of unprotonated naphazoline. 
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tonated form Thus, even at pH 13 48, the highest 
pH that could be used, where the couccntration of 
the unprotonated form is over thirteen hundred 
times greater than the concentration of the proton- 
ated form, the hj drolysis of the latter still .iccounts 
for over tuo-fifths of the overall degradation rate 
Any rate constant for the hydrolysis of the uiiproton- 
ated form derived under such conditions is, at best, 
an approMination, as Mould be any thermodynamic 
or kinetic value calculated from such rate constants 
It Mas felt, hoMcvcr, that such approximations 
would still yield useful information In Fig G, 
the regression line Mas draiin using the method of 
least squares (7) 

The activation ciiergi and frequency factor for 
the hydrolysis of protonated naphazoluie ha\e 
been calculated from the plot in Fig 5 These Mere 
found to be 16 4 kilocalories per mole and 1 91 X 
10''' liters moles”' hours”', rcspectivclv The 
values of the same parameters for the hj droll sis of 
unprotonated naphazohne, determined from Fig 0, 
Mere found to be 4 9 kilocalories per mole and 3 0 
X 10" liters moles ”' hours ”', respectively 

A generalized equation for the specific rate con- 
stant for the basc-catali zed hi drolysis, modeled 
after the Arrhenius equation, can be iiritten as 

, , (1 91 X 10" c-""”'""'' [Naplils 

Ko!« = 


While the exact nature of the intermediate cannot 
be unambiguously proved, the depicted structure 
represents a hybrid or compilation of the resonant 
forms that can be postulated A model of the 
intermediate, constructed from Godfrej Molecular 
Alodcls (8), indicates that the proposed structure is 
feasible 

The second step in the reaction, replacement of 
the hydroxyl group of the iiatei, would be verj fast 
In other words, almost as soon as the unstable inter 
mediate is formed, it leacts with the water The 
value of k}, therefore, would be much larger than 
that of cither ki or Appljmg the stcadj state 
treatment to tlicsc reactions gives tlic following rate 
equation 

— </(Naph]/d/ ■= 

“ h -b y^alllnOl) ['''"‘■'P''] fOH”] (Eq 16) 
Since in dilute aqueous solutions, all of the teinis 
within the p ircnthescs arc constant, thev can be 
combined with ki to giv'c an overall second order 
expression 

— rflNaphlM = Iron- [Naph][OH”] (Eq 17) 
The value of ^oii -should be verj close to that of ki 

•f 30 X in" lNaphln)[OH- ] ,,, 

[Naphlr ' ' 


where t is the absolute tcmpcraUire Substituting 
the equivalents picviotislj derived for [Naphlsand 
[NaphJ/j (sec Eqs 10 and 11) gives 


Mechanisms of the Reactions. — While the kinetic 
data which have been presented arc valuable in ap- 
plications such as stabihtj evaluation, they have 
much more fundmental iitihtv Kinetic data 
offer one miportant means of testing the validity 
of reaction meclianisms, and it is with the knowl- 
edge of mechanisms that the ultimate in predictions 
can be made For this reason, mechanisms for the 
hydroljsis of naphazolmc, which arc in accord with 
the kinetic data, are proposed 

The hydrolysis of naphazolmc base can follow 
the course represented by 



NH CHz 


since the term k-fiki+kalUtO]) would be verj small 
due to the large values of ka and [H-0] 

According to Eq 17, the reaction would be first 


(Eq IS) 


order w ith respect to both naphazolmc and hj droxj 1 
ion The experimental data appear to satisfy this 
requirement 

The fact that, m the proposed mechanism, hj- 
droxv! ion is both a reactant and a product would 
make the reaction a true specific base catalj zed 
hj drolj SIS 

Although the depicted mechanism is for the hy- 
drolvsis of unprotonated naphazolmc, a ver> similar 
scheme can be proposed for the hydrolv sis of pro 
tonated napthazohne 

The Arrhenius frequenev' factor of 1 91 X 10" 
liters moles hours”' for the reaction mv olv mg pro 
tonated iiaphazohne is a “normal” v'altie for a 
bimolccular reaction m solution as calculated from 
collision theory (9) Upon cursory consideration, 
one might expect this parameter to be considerablv 
greater by vnrtue of the fact that the reacting en- 
tities are of opposite electrical charge and, thus, 
exhibit coulombic attraction This, however, is 
offset by two factors First, in ionic interactions, 
the hydration shell has a restraining effect on the 
ions and will thus slow down the rate of collision 
Second, the proposed mechanism of the reaction is 
such that the hj droxj 1 ion can attack from onlj 
one side of the naphazolmc molecule, viz , the side 
in line with the double bonded iiniiio nitrogen atom 
For this reason, not every collision between ions of 
the proper energy will result m a reaction and the 
frequency factor will be lowered The much lower 


kebt 


1 91 X 10" A'„ -F 3 0 X 10" c-"’”’""’"' A'„[OH-] 

A', -f IH+! 
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Fig 7.- — Energetics of tbe reactions. 


frequency factor (SOX 10’ liters moles"* hours"’) 
for the reaction involving unprotonated naphazoline 
is also to be expected since the frequency of collision 
for an ion and a neutral molecule would be much 
lower than for two oppositely charged ions 


The relative activation energies can best be e-x- 
plained by the energy diagram in Fig. 7 . Naphazo- 
line conjugate acid, being charged, is more stable in 
solution than is the uncharged naphazoline base. Sim- 
ilarly, the activated comple.\' formed in the reaction 
involving the free base has a charge and is more 
stable in solution than the uncharged intermediate 
in the reaction involving the conjugate acid (pro- 
tonated) form. Since the activation energy is the 
difference in energy betrveen the reactants and the 
activated comple.\', this parameter for the free base 
reaction would be considerably less than for the con- 
jugate acid reaction. The experimental values 
of 4 9 kilocalories per mole and 16 4 kilocalorip per 
mole, respectiv'ely, agree with the above considera- 
tions 
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Analysis of Adrenergic Drug Action* 


By R. S. McCUTCHEONt and RAYMOND P. AHLQUIST 

Three analogs of arterenol were comparatively studied on several effector systems in 
dogs. The amines were: (a) ethylnorejjinepbrine (butanephrine), (i) isoproterenol 
(Isuprel), and (r) the N-isopropyl derivative of ethylnorepinephrine (Wia-3046). 
These amines were compared to levarterenol and epinephrine as to potency and ef- 
fect on arterial pressure, heart rate, intestinal motility, splenic capsule, and urine out- 
put. The effects on the splenic capsule best illustrates the general relationships 
found. Epinephrine, levarterenol, and ethylnore|>inepbrine produce primary splenic 
contraction; this effect is prevented by adrenergic blockade and is not modifod by 
ganglionic blockade. Compounds (h) and (c), and (a) to some extent, induce a re- 
flex splenic contraction by their depressor action. This effect is prevented by either 
adrenergic or ganglionic blockade. When administered simultaneously with epi- 
nephrine, (b) and (c) diminish the splenic cootraaion produced by the epinephrine. 


'IpHE adrenergic RECEPTOR is the primary 
site of action of the adrenergic neuro- 
liormone and adrenergic drugs. It has been 
proposed that the adrenergic receptor occurs in 
two different forms (1). As far as smooth muscle 
is concerned, one of these receptors, knoivn as the 
a/p!/a receptor sen'es primarily excitatory re- 
sponses The other receptor, known as the beta 
receptor, subserves primarily inhibitory' re- 
sponses Some adrenergic drugs activate both 
receptors Therefore, it would be desirable to 

’^Roecned July 20, 19>9. from the Departments of 
rharmTcology and Physiology. Medical College of Georgia, 
Augusta 

t Exjicrjraental work done during tenure m Cardiovascular 
Research and Training Program, supported by Grant liTS- 
from tlic National Heart Institute, PubUc Health 
^rvice Present address Oregon Slate CoUege, School of 
Pharmacy, Corvallis 


have a convenient method for determining the 
differentia] potency on these two receptors. To 
investigate such a method, a comparative study 
in the aaesthetized dog has been carried out 
using epinephriiie, levarterenol, isoproterenol, 
ethylnorepinephrine, and the N-isopropyl deriva- 
tive of ethylnorepinephrine (Win-3046). 

EXPERIMENTAL 

Metho(i.—MongreI dogs of either sex weighing 10 
to 15 Kg were anesthetized with pentobarbital 
sodium, 10 to 15 mg /Kg , administered intra- 
vancously thirty minutes after a subcutaneous injec- 
tion of morphine sulfate, 10 mg /Kg The arterial 
pressure was recorded from either the femoral or 
carotid artery by means of a mercury manometer or 
a Statham transducer. The contraction of the 
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splenic capsule was recorded by a method previously 
described by Ahlquist, et al. (2). In brief, this 
method consists of exposing the spleen through a 
midline incision, fixing one edge of the spleen to a 
rigid plastic support, and connecting the opposite 
edge to an isotonic displacement gauge. The amount 
of splenic contraction is recorded as centimeters of 
galvanometer trace deflection on the photokymo- 
graphic record. 

A series of six experiments were made on the gut, 
urine flow, and spleen. The drugs were injected al- 
ternately in the following doses. Levarterenol, epi- 
nephrine, and isoproterenol were each given in doses 
of 0.01 ml. /Kg of a 0.001 il/ solution. Win-3046 was 
injected in a dose of 0.02 ml, /Kg. of a 0.001 il/ solu- 
tion, and ethylnorepincphrine as 0.02 ml, /Kg. of 0.01 
M solution. These doses were, at times, doubled or 
halved in order to observe the relative responses bet- 
ter. In every case, in this and subsequent injections, 
decomposition of the amines was prevented by dis- 
solving them in a solution of chlorobutanol and so- 
dium bisulfite, 0.1% each. When blocking drugs 
were used thej’ were injected in the doses shown be- 
low. The number of injections per experiment var- 
ied from 20 to 30. Control levels were obtained for 
each of the responses being measured and compari- 
sons were made with the responses produced with the 
drugs under investigation, both before and after the 
use of the blocking agents. After each injection the 
response was allowed to return to control levels be- 
fore the next injection. In these experiments the 
urine output from the renal pelvis was rceorded with 
an eleetronic drop counter through a catheter in- 
serted into the ureter. The activity of the small in- 
testine of the animals in the same series was re- 
corded by means of a small, water-filled balloon in- 
serted into the lumen of the gut. The pressure de- 
veloped by each intestinal contraction was recorded 
bj' means of a Statham transducer. 

In another series of 15 experiments, dogs were 
given a constant infusion of one of the following 
drugs: ethylnorepinephrinc, Win-3046, levarterenol, 
or isoproterenol and during this infusion each of the 
other drugs was injected intravenously every five 
minutes until each had been injected five to eight 
times. The infusions were administered by means 
of a drip bottle or by a syringe actuated by a stepping 
relay controlled through an electronic counting de- 
vice (3). Ethylnorepinephrinc was infused at a rate 
of 21.5 meg. /Kg. /minute, Win-3046 was infused at a 
rate of 25.3 meg./Kg./minute, levarterenol at a rate 
of 3.13 meg./Kg./minute, and isoproterenol at a rate 
of 2.28 meg./Kg./minute. In each case the infu- 
sions lasted one hundred to one hundred and 
twenty minutes. These doses were adjusted to give 
comparable results in each case. A few of the ani- 
mals were given atropine, 0.5 mg./Kg., and when 
appropriate, mecamylamine (Inversine), 1 mg./Kg., 
was used as a ganglionic blocking agent or phenoxy- 
benzamine (Dibenzyline) was used as an adrenergic 
blocking agent in a dose of 5 mg./Kg. All drugs 
were injected intravenously. A comparison was 
made of the results of the injections with the controls 
and with the results obtained after each type of 
block. During the infusions, blood pressure was re- 
corded as indicated above and heart rates were re- 
corded with an electrocardiograph and counted from 
the photokj^mographic tracing. 

In comparative studies on adrenergic drugs we 


have found it convenient to use a “standard dose” of 
epinephrine as the basis for comparison. This 
standard dose is 0.01 ml. /Kg. of a 0.001 M solution. 
This is roughly equivalent to about 2 meg, of free 
base per Kg. The doses of the amines used in this 
study are expressed as fractions or multiples of this 
standard dose. 

RESULTS AND DISCUSSION 

The comparative effects of the amines on mean ar- 
terial blood pressure were found to be as described 
previously (1,4). Levarterenol was the most potent, 
and epinephrine was somewhat less active. Ethyl- 
norepinephrine produced a depressor response with 
the first dose and an increasing pressor response with 
subsequent doses (5). When given by infusion, 
cthylnorepinephrine produced a pressor response. 
Win-3046 and isoproterenol produced consistent 
depressor responses with the latter being the more ac- 
tive (6). 

Following Dibenzyline, levarterenol produced only 
a small pressor response while all four of the other 
amines produced only depressor responses. These 
results indicate that levarterenol affects primarily the 
alpha receptor, epinephrine and ethylnorepinephrinc 
affect both the alpha and beta receptors, while Win- 
3046 and isoproterenol affect only the beta receptor. 
When combinations of the drugs were injected, the 
results were not conclusive. 

As has been previously described (1 ) acute changes 
in urine output roughly shows the relative renal vaso- 
constricting action of substances such as epinephrine. 
However, only with epinephrine and levarterenol was 
any consistent result found. With the other amines 
the urine output varied with the arterial pressure 
and no conclusions could be drawn regarding the rel- 
ative action of these substances on the renal vascular 
bed. 

The intestine of dogs not receiving atropine was 
relaxed by all of the amines except isoproterenol. 
This amine usually produced intestinal contraction. 
Following atropine, however, isoproterenol produced 
only rela.xation. The relative potencies were as fol- 
lows: isoproterenol was equal or more potent than 
epinephrine with the others less potent in this order: 
levarterenol, ethylnorepinephrinc, and Win-3046. 
Mecamylamine did not affect these responses. 

These results fit fairly well with the concept that 
the adrenergic inhibitor receptor of the gut is of the 
alpha type (2). The fact that isoproterenol is often 
more potent in this regard than epinephrine, how- 
ever. is not consistent with this view. Recent studies 
have indicated that the canine ileum has both alpha 
and beta receptors, and that both receptors subserve 
relaxation (7, 8). We can conclude that the effect of 
these amines on the intact intestine is not a good 
criterion for relative receptor potenc 3 L 

As previously reported ( 1 ), epinephrine was found 
to be the most potent substance in producing con- 
tractions of the splenic capsule. All of the other 
amines studied also produced splenic contraction 
when injected intravenousljL The mechanism of ac- 
tion, however, was not the same for each. Figure 1 
illustrates the control responses to epinephrine, iso- 
proterenol, and Win-3046. As shown in Figs. 2 and 
3, following the administration of a ganglionic block- 
ing agent the splenic contraction produced b 3 '^ iso- 
proterenol is abolished. The effect of Win-3046 is 
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Table I — Average Splenic Contraction Produced bv the Drugs Shown" 



Epi- 

nephrine 

Levarterenol 

Butanephrine 

Win-304G 

Isoproterenol 

S DI- 

5 91 

1 92 

(XIO) 0 32 

(X20) 2 37 

0 81 

S D 

3 83 





S D PM' 

6 15 

2 91 

1 57 



S D PM 

4 22 





2 







“ Deflection on photoL> mosraph'c record Contractions in centimeters, obtained from sue animals with 18 to 30 inactions 


per animal 

I* S D refers to standard dose 
c PM IS post mecam>lamine (Inversine) 



EPINEPHRINE, 
0 01 ML /KG OF 
0 001 iV 

solution 



ISUPREL, WIN 3046, 0 03 

0 01 ML /KG ML /KG OF 

OP 0 001 M 0 1 lit 

SOLUTION SOLUTION 


Fig 1 — Control responses of splenic contractions to 
epinephrine, isoproterenol, and Win-3046 



EPINEPHRINE, 
0 01 ML /KG OF 
0 001 M 
SOLUTION 


ISUPREL, 

0 01 ML /KG 
OF 0 001 ill 
SOLUTION 


WIN 3046, 0 03 
ML /KG OF 
0 1 Jl/ 

SOLUTION 


Fig 2 — Splenic contractions after administration of 
Inversine, 1 mg /Kg 



SOLUTION SOLUTION SOLUTION 


Fig 3 — Splenic contractions after second dose of 
Inversine, 1 mg /Kg 


markedly reduced but this amine continues to pro- 
duce some splenic contraction 

Levarterenol and ethylnorepineplirine both pro- 
duce splenic contraction These substances are po- 
tentiated by ganglionic blockade As described by 
Cameron (5) for the pressor response, ethylnorepi- 
neplirine becomes increasingly more potent in produc- 
ing splenic contraction nlien repeated doses are 
given 

These results indicate that the amines can produce 
contraction of the splenic capsule both by direct ac- 
tion and by reflex action due to the fall in blood pres- 
sure The latter effect is prevented bj- ganglionic 
blockade 


Assuming then that splenic smooth muscle has 
onlj' alpha receptors, results indicate that epi- 
nephrine is the most potent alpha activator, followed 
bv levarterenol, ethylnorepinephrine, and Win-3046 
Isoproterenol, having practically no action on alpha 
receptors, produces splenic contractions only 
throngh reflex action The results can be seen in 
Table I 

However, some evidence has been obtained to 
show that the splenic capsule has some adrenergic 
beta receptors This is shown by administering 
epinephrine and Win-3046 simultaneously In 
every case the spleen contracted less when the mix- 
ture was given than when the same amount of 
epinephrine was given alone If both substances 
were producing splenic contraction by the same 
mechanism the effect should be additive and a 
greater contraction should result Since this is not 
the case one must assume that both epinephrine and 
Win-3046 activate some beta receptors in the spleen 
WTien the drugs are acting together the sum of this 
beta action is greater than the sum of the alpha effect 
of epinephrine and Wm-3046 At the same time the 
epinephrine in the mixture prevents the depressor 
response to Win-3046 so that the reflex effect of the 
latter in causing contraction of the spleen is largely 
lost Therefore, the adrenergic inhibitory action on 
the spleen becomes more apparent 

Table II show's the relative adrenergic receptor- 
activating potencies of the five catecholamines 
based primarily on their effects on splenic contrac- 
tion 


Table II — Relative Adrenergic 
Receptor-Activating Potencies 


Epinephrine 

alpha 

beta 

Levarterenol 

++++ 

-f- 

Ethylnorepi- 

4'-i- 


nephrine 

Win-3046 

+ 

+++ 

++-f+-i 

Isoproterenol 

-h 
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Activation Analysis of Certain Arsenic and 
Antimony-Containing Pharmaceuticals and the Effect 
of Beta-Emitting Isotopes* 

By DAVID G. KAISERf and JOHN E. CHRISTIAN 

Slow neutron activation analysis has been applied successfully to the analysis of pure 
samples of arsenic trioxide, carbarsone, oxophenarsine, antimony potassium tar- 
trate, and stibophen, the average error being between 4 and 5 per cent. Sample 
processing and chemical separations were not required in the procedures. The 
effect of beta-emitting isotopes on the gamma-ray scintillation spectrometer was 
investigated and the detection levels of phosphorus-32 determined with and with- 
out shielding. 


TJeriiaps the earliest examples of neutron acti- 
vation analysis were reported by Hevesy and 
and Levi (1, 2, 3) who applied the procedure to 
the investigation of rare earth elements. The 
determination of arsenic in germanium dioxide 
was described by Smales and Brown (4) while 
Griffon and Barband (5) studied the distribution 
of arsenic in hair. Smales and Pate (G, 7, 8) pub- 
lished a series of papers on the detennination of 
submicrogram quantities of arsenic. Hudgens 
and Cali (9) utilized the method to analyze for 
antimony in zirconium oxide. An analysis for 
arsenic in silicon was described b)' James and 
Richards (10). Recently, Smales, Mapper, 
Wood, and Salmon (11) detennined trace quanti- 
ties of arsenic, antimony, and copper in pure sili- 
con. 

The work reported here consisted of investigat- 
ing the slow neutron activation analysis of ar- 
senic and antimony-containing pharmaceuticals. 

EXPERIMENTAL 

Analysis of Arsenic and Antimony-Containing 
Pharmaceuticals. — For these experiments, poly- 
ethylene tubing (2 inches long X V 32 inch internal 
diameter X 'A inch external diameter) was utilized 
as a sample container. The individual pharmaceuti- 
cals were dried according to the U. S. P. XV or N. F. 
X directions, and a sample placed in a 2-inch length 
of the tubing. The heat-sealed polyethylene tubes 
were then placed in an aluminum spacer which was 
subsequently inserted into a standard ANL' alu- 
minum irradiatio ncontainer (6 inches high X l‘A 
inches diameter). Samples prepared in this manner 
were subjected to ~ 1 X 10' neutrons per square cm. 
per second for twenty-four to forty-eight hours. The 
induced radioactivity was determined with a RIDL“ 
scintillation spectrometer consisting of a model 115 
single channel pulse height analyzer, model 200T 
scaler, model 43A scintillation counter with a thal- 

* Received April 25, 1959, from the School of Pharmacy, 
Purdue University, Lafayette, Ind 

t Present address: Department of Chemistry, University 
of Michigan, Ann Arbor. 

Presented to the Scientific Section, A. Ph. A , Cincinnati 
meeting, August 1959. 

* ANL, Argonne National Laboratory. 

2 Radiation Instrument Development Laboratory, Chicago, 
111 . 


lium-activated sodium iodide well-type crystal (I’A 
inch diameter X 2 inch thick with a well 0.650 inch 
diameter X I’A inch deep), and a model L-9 lead- 
iron shield. In later studies, a model 39-1 electronic 
sweep and count rate meter together with a Leeds 
and Northrup' Speedomax type G recorder were in- 
stalled to provide an automatic recording instru- 
ment. The instrument was calibrated with cesium- 
137 and cobalt-GO' to provide a maximum channel 
level of 1 Mev.' and a ma.vimum channel width 
of 0.1 Mev. at a gain setting of ’A- A gain of 'A 
doubled the channel level and channel width. A 
linearity study showed the instrument to be stand- 
ardized with respect to peak energy versus channel 
level readings. 

The investigated compounds and the selected sol- 
vents were as follows: arsenic trioxide and sodium 
hydroxide; carbarsone' and sodium hydroxide; oxo- 
plienarsine hydrochloride’ and distilled water; anti- 
mony potassium tartrate and aqua regia; stibophen' 
and distilled water. 

After irradiation, the polyethylene tubes were 
opened ivith a razor blade and the contents were 
transferred to tared, volumetric flasks. These sam- 
ples were brought up to volume with the selected sol- 
vent and allowed to equilibrate thermally before pi- 
petting an aliquot for analysis. One 500- X portion 
was transferred into a 2 inch test tube together with 
two 500-X rinsings and the test tube was stoppered 
with a paraflin-coated cork. In later studies, Neu- 
traglas’ ampuls of 5-ml. capacity were chosen for 
counting larger samples in the well-type crystal. 
The qualitative spectrum was determined by placing 
each sample in the counting well of the previousb’ 
standardized gamma-raj' scintillation spectrometer. 
Differential spectral determinations were performed 
at gains and ’/s with a channel width of "1.” 
In each instance the spectrum compared with litera- 
ture values and had the same energy distributions as 
standard reactor irradiated units.'” Quantitative 
studies were delayed for twenty-four to fort 5 '-eight 

» Leeds and Northrnp Co., Philadelphia, Pa. 

< Cesiuni-137 and Cobalt-GO were obtained from the Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

s Mev. — million electron volts. 

< Supplied through the courtesy of Eli Lilly and Co., 
Indianapolis, Ind. 

2 Mapharsen, supplied through courtesy of Parke Davis 
and Co., Detroit, Ivlich. 

8 Fuadin, supplied through courtesy of Winthrop Labora- 
tories, New York, N. Y. 

* Neutraglas ampuls, product of Kimble Glass Co., Toledo, 
Ohio. ' . j • 

*0 Standard reactor irradiated units of arsenic-7C and anti- 
mony-122 were obtained from Oak Ridge National Labo- 
ratory, Oak Ridge, Tenn. 
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Table I. — Results of the Slow Neutron Activation Analysis of Arsenic and Antiiionv-Containing 

Pharmaceuticals” 




Total 

Calculated Activity 


Compound 

Sample Weight, 

Activity, 

of 50-mg. Samplefc 


Investigated 

Gm. 

Counts/mln. 

Counts/min. 

Per Cent Error® 

Arsenic trioxide'' 

0.1134 

12,469 

5,498 

4.9 


0.2755 

24,591 

4,663 



0.5405 

49,120 

4,544 



0.5444 

48,495] 

4,454 


Carbarsone 

0.0530 

61,304 

57,835 

0.3 


Q.Q819 

94,169 

57,487 



0.1280jj 

148,060 

[57,835 



0.1612 fe.' 

176,887 

58,492 


Oxophenarsine 

0.1185 

198,398 

83,712 

1.2 


0.1520 

269,774 

88,741 



0.2444 

427,564 

87,472 



0.2524 

|434,352 

86,045 


Antimony' potassium tartrate® 

0.1396 

4,618,418 

1,654,161 

6.1 


0.2325 

9,436,490 

2,029,352 



0.3029 

111,675,860 

1,927,345 



0.3742 

11,701,100 

1,563,482 


Stibophen 

0.0557 

107,651 

96,808 

5.8 


0.1034 

210,884 

127,345 



0.1667 

388,255 

116,453 



0.1864 

459,721 

123,315 



° Irradiations were conducted in the Argonne National Laboratory CP-5 reactor at a neutron flux of '^10®. Exposures were 
of twenty-four to forty-eight hours’ duration. 

ft The calculated activity was based upon a SO-mg. sample for comparison purposes. 

® The per cent error was calculated from the following formulas: 

R. D. X 100 = Per cent error 

Ua = VAfi* + Afi’ 

where: R. D, = relative deviation, Ud = mean error of difference. N = number of counts per unit time, Mi = standard 
deviation of mean for sam[ile, ^fi = standard deviation of mean for background, M = standard deviation of mean, Sd^ — sum 
of the squares of the deviations from the arithmetic mean, and « = number of observations. 

d The values reported are the first set obtained. Sixteen determinations were performed to establish reproducibility and 
yielded an average error of 5.7%. 

« These samples received an exposure of one hour in a neutron flux of— lO^t, in addition to forty-seven hours at —10®. 


hours and conducted by counting all of the samples 
at the same energy level. The channel width was 
increased to “6” and the channel level set to the peak 
maximum of the gamma radiation (0.558 Mev. for 
arsenic-76 and 0.506 Mev. for antimony- 122). Each 
sample was subjected to 10 five-minute counting ses- 
sions, background subtracted, and the count cor- 
rected for decay. In this manner, qualitative and 
quantitative studies were made on arsenic trioxide, 
carbarsone, oxophenarsine hydrochloride, antimony 
potassium tartrate, and stibophen. The results are 
compiled in Table I. 

Investigation of the Effect of Beta-Emitting 
Isotopes on the Gamma-Ray Scintillation Spectrom- 
eter. — Preliminary investigations showed that 
beta particles, produced during irradiation of 
chemical samples, caused an increase in detectable 
activity. This activity interfered with gamma- 
ray counting at the 0.558 Mev. arsenic-76 radiation 
peak, when submitted to a scintillation spectrometer 
examination. The energy' distribution of phospho- 
rus-32, >' a pure beta emitter, is presented in Fig. 1. 
In the 0.500 to 0.600 Mev-. region, the activity ranged 
from 3,600 to 2,800 counts per minute. In the lower 
energy' regions, the activity increased to 35,000 
counts per minute. A shielding experiment was de- 
signed to determine the possibility of eliminating this 
interfering radiation. The investigation was per- 
fonned beneath the cesium- 137 radiation peak, uti- 
lizing a channel widtli of "1” and a gain of ' The 
results are presented in Table II. 

" Henceforth to be designated as P-32, 


Table II. — ^Results of /3-Shieldino Study Con- 
ducted with the Gamma-Ray Scintillation 
Spectrometer 

-Activity, counts/mio. ■ 

Cesium- 


Phos- phorus-32 

Type of Back- Cesium- phorus-32 Activity 

Shield® groundft 137® 200 pc « Ratio/ 

None 3 27,590 13,624 2.0 

Lucite' 1 25,508 1,120 22.7 

Aluminum 3 23,237 1,067 21.8 

Steel 1 19,971 933 21 4 

Lead 1 16,157 711 21.3 

“ All shields were constructed according to the same speci- 
fications (®/i inch internal diameter X ®A ‘unh external 
diameter) and had a minimum thickness of 3 mm. 

^ ®“rkground was determined with a 2-iach test tube 
containing 1,5 ml. of distilled water. 

e This sample sensed as a calibration standard for the 
gamma-ray scinUllation spectrometer. It emits two beta 
particles of 0 51 and 1.2 Mev. energies. The 2 G minute 
ban-life barium-137, a radioactive daughter, emits a 0 061 
Mev. y ray. 

<* Phosphorus-32 is a pure beta emitter of 1.71 Mev 
energy. 

♦ iic. — microcurie. 

/ This value was obtained by dividing the activity of 
cesium-137 by the activity of phosphorus-32 as determined 
under the conditions of this experiment. 

^ Pont de Nemours & Co., Inc., Wilming- 

ton, Del. 

Comparing the results of the lead shielding with 
tliose without shielding, a reduction In the cesium- 
137 radiation by one-third is noted. The P-32 ac- 
tivity was reduced by a factor greater than 10 when 
the lead shielding was applied. Background deter-^ 

/ 
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Table III — The Detection or PHOSPnoRus-32 Beta Particles and Bremsstraiilung by the Gamma- 

Ray Scintillation Spectrometer 


^ — — Plinsphoriis '12 Activity, pc ^ — , 

A.ctivity Detected, Counts/mtn “ 

dOO 100 '50 333 ibb 111 <3 5 3 7 1 8 1 2 00 04 02 

Unshielded*' 22,394 7,998 3,G27 3,968 1,131 877 481 262 121 114 51 24 15 

Shielded' 2,215 451 222 144 56 37 22 12 6 4 4 3 2 

Channel width 1, gain '/i, 0 558 Mev arseiiic-76 radiation peak 


“ Uncorrected for background Each value is the average of 10 tcn-miniitc counting sessions 
b Contained in two mcli test tubes 
Contained in two inch test tubes shielded by 3 mm of lead 
Average background without shield, 5 counts per minute (average of 12 one hour counting sessions) 
Average background with shield, 2 counts per minute (average of 12 one hour counting sessions) 


minations were essentially tlie same with all of tlie 
shields 

The P-32 activity, observed in conjunction witli 
tlie various shields, was attributed to Bremsstrah- 
lung, since calculations indicate that 785 mg /cm * 
of aluminum absorber will stop the 1 71 Mev beta 
radiation Three millimeters of lead corresponds to 
3,860 mg /cm \ 

Further work was conducted with tlic automatic 
recording attachment to study the effect of Brems- 
strahlung resulting from P-32 activity Quantita- 
tive results (Table III ) were determined by counting 
under the 0 558 Mev arsenic-76 radiation peak 
Activity resulting from P-32 was reduced to back- 
ground at the ~ 0 2 to ~ 0 4 pc level, using the lead 
shield At the ~ 0 2 pc level, without the lead 
shield, the P-32 activity was three times greater tlian 
the average background activity Tlicse c\peri- 
ments show tlie level of detection of P-32 Brems- 
strahlung by the gamma-ray scintillation spectro- 
meter and prove the fact tliat the presence of beta 
particles at microcuric levels will interfere witli quan- 
titative gamma counting. 

SUMMARY AND CONCLUSIONS 

1 This investigation was conducted to show 
the applicability of slow neutron activation to the 
analysis of pharmaceuticals Irradiations were 
performed at a neutron flux of^lO”, in the case 
of pure compounds, to emphasize the possibili- 
ties of laboratorj' sources for routine analyses 

2 The gamma-ray scintillation spectrometer, 
utilized in this investigation, was found to be sen- 
sitive to microcurie amounts of beta-emitting iso- 
topes. Three millimeters Lucite, aluminum, 
steel, and lead shields were constructed to reduce 
the beta interference, but they were ineffective in 
completely controlling the Bremsstraiilung 



0 ]00 200 300 400 500 GOO 700 800 900 1000 

CHANNEL LEVEL, KEV 

Fig 1 — Phosphorus-32 (50 pc.) energy distribution 


3. The method developed was applied to the 
analysis of pure samples of arsenic trioxide, car- 
barsone, oxophenarsine, antimony potassium tar- 
trate, and stibophen. Within the milligram le- 
vel, the average error was between 4 and 5 per 
cent A higher neutron flux and/or a longer irra- 
diation time would result in sensitivities at the 
microgram and submicrogram levels The pri- 
mary advantage of the procedure is the minimum 
amount of chemical manipulation required.. 
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Thyroxine Analogs II* 

Synthesis or 3,5-Diiodo-4-(2',3'-dimethylphenoxy)-DL-phenylaIanine 
and Its 4'-Hydroxy Congener 

By EUGENE C. JORGENSEN and PUSHKAR N. KAUL 


The synthesis of thyroxine analogs, 3,5-di- 
iodo - 4 - (2 ',3' - dimethylphenoxy) - dl- 
phenylalanine and 3,5-dtiodo-2',3'-dimethyl- 
DL-thyronine is described. These com- 
pounds were prepared in order to study the 
effect on biological response of alkyl substi- 
tuents in sterically oriented analogs of thyrox- 
ine. Both compounds displayed thyromi- 
metic activity. 

S INCE THE ORIGINAL SYNTHESIS of thyroxine by 
Harington and Barger (1), many analogs have 
been prepared in attempts to establish structural 
requirements for thyroxine-like activity. Re- 
cently (2), attention has been directed to a po- 
tential steric factor whereby the 3' and 5'-po- 
sitions of 3,5-diiodothyronine and related diphenyl 
ethers become nonequivalent in their spatial 
orientation following introduction of a 2'-alkyl 
substituent (I). 



The 2 '-substituent assumes a preferred orienta- 
tion distal to the alanine-bearing ring, thus pro- 
viding a minimal interaction between the 2'- 
substituent and the bulky 3,5-iodines and the 
ring bearing them Substituent groups on the 
prime ring may be located spatially by reference 
to their positions relative to the orienting 2'-alkyl 
group, and thus to the diiodophenylalanine ring. 

Zenker and Jorgensen (2) have reported the 
sjmthesis of a series of 3,5-diiodo-4-(2'-alkyl- 
phenoxy)-DL-phenylalanines bearing additional 
4 '-hydroxyl and 5 '-methyl substituents. These 
compounds reflect the orientation of a 5 '-alkyl 
group in a position proximal to the diiodo- 
phenylalaninc ring. Analogous compounds car- 
rj-ing 4'-hydroxyl and 3 ',5 '-dimethyl substituents 
have been shmvn to possess thyroxine-like 

• Rccei\ cd May 19, 1959, from the Uni\ ersity of California, 
School of Pharmacy, San Francisco 22. 

Presented to the Scientific Section, A Pn A , Cincinnati 
meeting, August, 1959. 

This work was supported in part by grant in-aid funds 
from Smith Kline and French Laboratories and from Re- 
search Funds of the Unucrsity of California Academic Sen- 
ate 

PreMous paper in this senes, J. Aw Chem Sor , in press. 


activity (3, 4). For this reason, it was desirable 
to e.xtend the series to provide a 3 '-methyl group, 
oriented distal to the diiodophenylalanine ring as 
is the case for 3,o-diiodo-2',3'-dimethyI thyronine 
(VI). Since the 5'-position was available for 
substitution, it was considered desirable to pre- 
pare the triiodo analog of this series, 3,5,5'- 
triiodo-2',3'-dimethyI-DL-th}Tonine (VII). Ana- 
logs lacking the 4'-hydroxyl group have been re- 
ported (5) to act as thyroxine antagonists. The 
related compound, 3,5-diiodo-4-(2',3'-dimethyI- 
pheno.xjJ-DL-phenylalanine (V), was therefore 
prepared to provide a distally oriented 3'- 
methyl group in this series of potential antago- 
nists. 

The synthetic route used was that developed b}^ 
Hems and co-workers (6). 3,5-Dinitro-4-(f>- 
toluenesulfonylo-X}') - dl - phenylalanine - N - 
acetyl ethyl ester (II) was allowed to condense in 
the presence of pyridine with2,3-dimethylpheuol, 
yielding 3,5-dinitro-4-(2',3'-dimethylpheno.xy)- 
DL-phenylalanine-N -acetyl ethyl ester (Ilia) or 
with 2,3-dimethyl-4-methoxyphenol yielding 3,5- 
dinitro - 4 - (2',3' - dimethyl - 4' - methoxy- 
phenoxy)-DL-phenylalanine-N-acetyl ethyl ester 
(Illb). 

These dinitrodiphenol esters were hydrogen- 
ated to the diamines with Pd-on-charcoal catalyst 
which, without isolation, were tetrazotized and 
converted to the corresponding 3,5-diiodo ana- 
logs Hydrolysis with hydrochloric and acetic 
acids converted 3,5-diiodo-4-(2',3'-dimethyl- 
phenoxy)-DL-phenylalanine-N-acetyl ethyl ester 
(IVa) to 3,5-diiodo-4-(2',3'-dimethylpheno.xy)- 
DL-phenylalanine (V). To effect cleavage of the 
methoxyl group in 3,5-diiodo-4-(2',3'-dimethyl- 
4' - metho.xyphenoxy) - dl - phenylalanine - N - 
acetyl ethyl caster (IVb), the compound was 
treated with hydriodic acid in acetic acid, 
3 delding the desired 3,5-diiodo-2',3'-dimethyl 
thyronine (VI). Attempts to form 3,5,5'- 
triiodo-2',3'-dimethyl-DL-thj’Tonine (VII) by the 
iodination of VI with iodine and potassium iodide 
in aqueous ethylamine were unsuccessful. 

BIOLOGICAL RESULTS 

3,5 - Diiodo -2',3' - dimethyl - dl - th3-ronine 
(VI) demonstrated thyro\ine-like activity in the : 
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(1) Hi, Pd 

(2) S02(0H)0N0 

(3) l3- 


NO. 



NH— COCH: 
f "^CHr-CH— COOCiH 


CH. CH, NO: 



NH— COCII3 


CH. 


CHj I 


IVa R = H 
IVb R = OCH3 


Ilia R = H 
Illb R = OCH: 

R = H 

HCl, acetic acid 


R = OCH: 
HI, acetic acid 


\ 


HO- 


NH. 

I 


O— CH.— CH- 


COOH 


/ \ / 

CH: CHj I 


VI 


I3- 

CcHsNH: 


\ NH: 

y I 

X > — O^ f^ ^ ^CH.- CH— COOH 

/ \ / 

CH, CH, I 

V 



CH, CH, 1 

VII 


at 3 mg./Kg./day for ten days in tlie antigoitcr as- 
say of Cortell (7) and at a single dose of 20 mg. /Kg. 
in the oxygen consumption assay of Holtkamp and 
Heming (8). 3,5-Diiodo-4-(2',3'-dimethyIphcnoxy) 
-DL-phenylalanine (V) was active at 7 mg./Kg./daj’^ 
for ten days in the antigoiter assay, but inactive in 
the test of oxygen consumption at a single dose of 
20 mg. /Kg. This represents tlie first report of a 
thyromimetic thjToxine analog unsubstituted in the 
4'-position. A detailed discussion of these results 
relating stereochemical orientation of substituents to 
biological response will be submitted elsewhere. 

EXPERIMENTAL' 

3,5 - Dinitro - 4 - (/> - toluenesulfonyloxy) - dl- 
phenylalanine-N-acetyl Ethyl Ester (II). — Crystal- 
lized from aqueous acetone, m. p. 160-162°, prepared 
in 75% yield from 3,5-dinitro-DL-tyrosine-N-acetyl 
ethyl ester^ by the method of Barnes, et al. (5), who 
reported m. p. 157-158°. 

2,3-Dimethyl-l,4-hydroquinone. — Prepared from 

2,3-dimethylphenoP by the method of Smith and 

' Melting points obtained on Fisher-Johns melting point 
apparatus and are uncorrected. Microanalysis by the Mi- 
croanalytical Laboratory, Department of Chemistry, Uni- 
versity of California. 

* Prepared by Mr. Robert Day. 

• Aldrich Chemical Co., Milwaukee, Wis. 


Tcss (9) in 36% yield. Crystallized from benzene 
and sublimed at 130° (17 mm.), m. p. 219-220° (de- 
compn.). Lit. (9), 223-224° (decompn.). 

Anal.—CaXci. for CjHioO. (138.2): C, 69.55; H, 
7.30. Found: C, 69.63; H, 7.16. 

2,3-Dimethyl-4-methoxyphenol. — To a well-stirred 
solution of 2,3-diraethyl-l,4-hydroquinone (62.3 
Gm., 0.45 mole) in sodium hydroxide (44.8 Gm., 1.12 
moles) and water (350 ml.) at 10°, dimethylsulfate 
(68 Gm., 0.54 mole) was added in small portions 
over a period of two hours, and stirring continued an 
additional hour at 10° (10). The mixture was ex- 
tracted with five 100-ml. portions of ether (Extract 
I), the aqueous solution was acidified with 6 N hy- 
drochloric acid and extracted with four 100-ml. por- 
tions of ether (Extract II). Following removal of 
ether, Extract I j-ielded 34.0 Gm. of 2,3-dimethyl-l, 
4-dimethoxybenzene, m. p. 78-79°. Lit. (11), 78°. 
The residue following ether evaporation of Extract 
II was extracted repeatedly with boiling ligroin (30- 
60°). The combined ligroin extracts were evapo- 
rated and the residue crystallized from water, yielding 
12.0 Gm. (18%) of 2,3-dimetliyl-4-methoxyphenol, 
m. p. 95-96°. Lit. (9), 95-97°. 

3,5 - Dinitro - 4 - (2',3' - dimethylphenoxy) - dl- 
phenylalanine-N-acetyl Ethyl Ester (Ilia). — 3,5- 
Dinitro - 4 - (p-toluenesulfonyloxj') - dl - phenylala- 
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nine-N-acetyl ethyl ester ( 16 5 Gm , 0 033 mole) nas 
dissolved m dry chloroform ( 100 ml ) and heated un- 
der reflux with dry pyridine (20 ml , 0 25 mole) for 
thirty minutes 2,3-Dimethylphenol^ (8 1 Gm , 0 066 
mole) was added and the mixture heated at reflux 
temperature for an additional three hours After 
cooling, the chloroform solution uas washed suc- 
cessively with 2 N hydrochloric acid, water, 2 N 
sodium hydroxide, and water, dried over calcium 
chloride, filtered, and the chloroform removed under 
reduced pressure The residue was crvstallized from 
ethanol, yielding 3 6 Gm (25%). m p 134-135° 
Aim/— Calcd for CoiHjjNjOg (445 4): 0,56 62; 
H, 5 21 Found; C. 56 44, H. 5 28 

3,5 - Diiodo - 4 - (2 ',3' - dimethylphenoxy)- 
DL-phenylalanine-N-acetyl Ethyl Ester (IVa). — 3,5- 
Dinitro - 4 - (2',3' - dimethvlphenoxy) - dl - phenyl- 
alanme-N-acetyl ethyl ester (4 45 Gm , 0 01 mole) 
dissolved in glacial acetic acid (200 ml ) vas shaken 
for twenty minutes in the presence of Pd-on-char- 
coal (10%, 2 5 Gm ) and hj'drogen (initial pressure 
38 p s i ). Hydrogen uptake stopped at 96% of 
theoretical Concentrated sulfuric acid ( 15 ml ) was 
added, the catalyst removed by filtration through 
Celite and concentrated sulfuric acid (75 ml ) added 
with cooling to the filtrate The resulting solution 
was added over two hours to a stirred mixture of ni- 
trosylsulfuric acid [sodium nitrite (2 1 Gm , 0 03 
mole) added in small portions to sulfuric acid (200 
ml ) at 50°, then diluted at 0° with glacial acetic 
acid (200 ml )] at —5°. The tetrazonium mixture 
was stirred an additional one and one-half hours at 
0°, then added to a well-stirred mixture at 25° of io- 
dine (23 Gm , 0 09 mole) and sodium iodide (23 Gm , 
0 14 mole) diluted with water (1,000 ml ) and under- 
layed with chloroform (500 ml ) After two hours, 
the chloroform phase was separated and the aqueous 
layer extracted with chloroform The combined 
chloroform extracts were washed w ith 0 5 JV sodium 
mctabisulfite and water, dried over calcium chloride, 
and the chloroform removed under reduced pressure 
The residue was dissolved in dry chloroform (20 ml ). 
passed through an alumina column (acid washed, 13 
X 2 0 cm ), the eluate evaporated, and the residue 
crystallized from alcohol. Yield 3 5 Gm ( 58%), m. 
p 130-131°. 

dnaf — Calcd. for CoiHjjlzNO, (607 3): C, 41 53, 
H, 3 82 Found: C. 41 85, H, 3 88 

3,5 - Diiodo - 4 - (2',3' - dimethylphenoiiy)- 
DL-phenylalanine (V). — 3,5-Diiodo-4-(2’,3'-dimeth- 
yIphenoxy)-Di,-phenylalanine-N-acetyl ethyl ester 
(3 0 Gm , 0 005 mole) was heated under reflux for one 
hour with glacial acetic acid (15 ml ) and concen- 
trated hydrochloric acid (15 ml ) The cooled mix- 
ture was dduted with water to 100 ml , 6 N sodium 
hydroxide (30 ml ) w'as added, then adjusted care- 
fully to pH 5 0 with 1 N sodium hydroxide The 
flocculeut precipitate was collected by centrifuga- 
tion, washed thoroughly with water, and dried in 
t’ariio Crystallization from aqueous acetic acid 
yielded 2 4 Gm (90%) of V, m p 197 -199° (de- 
eonipn ) 

dna/ —Calcd for CnHul-NOj (537 3): C,3801, 
11,3 19, 1,47 25 Found: C, 37 88, 11,3 55; 1, 
47 02. 

3,5 - Dinitro - 4 - (2',3' - dimethyl - 4' - meth- 

* Aldrich Chemical Co , Milwaukee, Wis 


oxyphenoxy) - dl - phenylalanine - N - acetyl Ethyl 
Ester (Hlb). — 3,5-Dinitro-4-( ;i-toluenesulfonyloxy)- 
DD-phenylalanine-N-acetyl ethyl ester (52 0 Gm , 
0 104 mole) was dissolved in dry chloroform (100 
ml ) and heated under reflux with dry pyridine (16 
ml , 0 2 mole) for forty-five minutes 2,3-Dimethj 1- 
4-methox\'phenol (8 0 Gm , 0 052 mole) was added 
and the mixture heated at reflux temperature for an 
additional three hours After cooling, the chloro- 
form solution was w ashed successively w ith 2 Y hy- 
drochloric acid, w'ater, 2 N sodium hydroxide, and 
water, dried over calcium chloride, and the chloro 
form removed under reduced pressure. The residue 
was crystallized from ethanol, yielding 4 0 Gm. 
(50%). m p 142-143°. 

dnaf —Calcd for C^H.sNjOi (475 4). C. 55 57; 
H, 5 30. Found : C, 55 84 . H, 5 16 

3,5 - Diiodo - 4 - (2', 3' - dimethyl - 4' - methoxy- 
phenoxy) - dl - phenylalanine - N - acetyl Ethyl 
Ester (IVb). — 3.5 - Dinitro - 4 - (2',3' - dimethyl - 4'- 
methoxyphenoxy)-DL-phenylalanine-N-acetyl ethyl 
ester (5 0 Gm , 0 011 mole) was converted to the di- 
iodo derivative by a procedure identical with that 
used in the synthesis of 3,5-diiodo-4-(2',3'-dimethyl- 
phenoxy) - dl - phenylalanine - N - acetyl ethyl ester 
(IVa) Crystallization from absolute alcohol-ace- 
tone(4 11 wielded 3.5 Gm. (52%), m p 196-198°. 

Anal— Calcd for C-H;sI;NOs (637 3): C, 41 46. 
H,3 95 Found: C. 41.64; H, 4 02 

3,5 - Diiodo - 2 ',3' - dimethyl - dl - thyronine 
(VI). — ^3,5 - Diiodo - 4 - (2', 3' - dimethyl - 4' - meth- 
oxyphenoxy)-DL-phenylalanine-N-acetyl ethyl ester 
(15 Gm , 0 0025 mole) was heated under reflux for 
four hours with glacial acetic acid (15 ml ) and hy- 
driodic acid (58%, 30 ml ). The reaction mixture 
was distilled to near dryness from a water bath at 50° 
(5 mm ) The residue was dissolved in a suspension 
of sodium metabisulfite in hot ethanol, and the solu- 
tion adjusted to pH 5 0 with 2 N sodium acetate. 
The precipitate was collected by centrifugation, dis- 
solved, and precipitated three times from 1 A'^ sodium 
hydroxide by adjustment to pH 5 0 with 2 N hydro- 
chloric acid and a few drops of aqueous sodium ace- 
tate, washed by suspension in water, and collected by 
centrifugation Drying at 100° (2 mm ) over phos- 
phorus pentoxide yielded 0 85 Gm (65%) of a color- 
less hygroscopic powder, m p 223-225° (decompn ). 

Anal — Calcd for CnHijI-NOi (553 2). C, 36 91; 
H, 3 10, 1,45 89 Found: C, 37.27; H, 3 09; I. 
46 12 
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The Pharmacy of Chlorothiazide 
(6-Chloro-7-sulfamyl-l,2,4-benzothiadiazine- 
1, 1-dioxide): A New Orally Effective 
Diuretic Agent* 

By WALTER F. CHARNICKIf, FREDERICK A. BACHER, 
STEWART A. FREEMAN, and DONALD H. DeCESARE 


Chlorothiazide occurs as a white, crystalline powder which can he formulated in 
tablets or suspension for use as an oral diuretic. It is very slightly soluble in water 
and is soluble but unstable in alkaline solutions. The solid sodium salt is stable and 
can be dissolved in water for injection to give a suitable intravenous dosage form. 
Chlorothiazide’s absorption maximum at 292 m/i in 0.1 JV sodium hydroxide can be 
used for analysis of all dosage forms. 


A RECENT STUDY of aromatic sulfonamides has 
led to the synthesis of benzotliiadiazine 
derivatives (1). Pharmacological studies have 
revealed that this scries of compounds possesses 
diuretic activity of rather unusual quality. In 
animals they not only promote the exeretion of 
sodium but also of chloride ions (2, 3, 4). The 
compound selected for clinical trial from this 
series was G-chloro-7-sulfamyl-l ,2,4-benzothiadia- 
zine-1, 1-dioxide, known generically as chlorothia- 
zide (Diuril). This derivative belongs to a class 
of heterocyclic compounds of which the parent 
compound is 1,2,4-benzothiadiazine. 

Clinical studies in man have substantiated the 
earlier pharmacological findings and confirmed 
the unusual ability of chlorothiazide to promote 
the excretion of sodium and chloride, and to a 
smaller extent, potassium chloride. This sug- 
gested that it be designated a saluretic agent 
(.5, G, 7). More recentlj' it has been obsen^ed 
that chlorothiazide produces significant reduction 
of blood pressure in hypertensive but not normo- 
tensive patients. Furthermore, it potentiates 
the antihypertensive action of drugs such as 
reserpine, veratrum alkaloids, hydralazine, and 
ganglionic blocking agents, and also enhances 
the hypotensive effects of surgical sj^mpathec- 
tomy (8-11). 

The mode of action of chlorothiazide whereby 
it enhances the excretion of sodium and chloride 
has not been fully defined, /n vitro studies have 
shown the compound to have carbonic anhydrase 
inhibitory action which seems to be relatively 
specific for the renal tubular mechanism. 

Chlorothiazide has a high therapeutic index 
and a low inherent toxicity. In human bio- 
assays, as judged by enhancement of sodium 

* Received June 5, 1959, from the Merck Sharp & Dohrae 
Research Laboratories, Division of Alerck & Co., Inc., West 
Point, Pa. 

t Present address: Smith-Dorsey Pharmaceuticals, Lin- 
coln 1, Nebr. 


excretion, chlorothiazide in a dose of 0.25 Gm. 
orally has an effect comparable to that of the 
classic carbonic anhydrase inhibitors. An oral 
dose of 0.5 to 1.0 Gm. of chlorothiazide is com- 
parable to the oral administration of mercurial 
diuretics, and an oral dose of 1.0 to 2.0 Gm. to 
parenteral mercurials. Chlorothiazide thus has 
w’ide application. 

The onset of action is within two hours follow- 
ing the oral administration of chlorothiazide 
with maximal effect at about four hours. The 
major saluretic effect lasts approximately six to 
twelve hours. 

It is of interest to note that following intra- 
venous administration of chlorothiazide the onset 
of action is within fifteen minutes, the maximal 
effect being obtained within thirty minutes. The 
duration of effect is relative^ short; the major 
response lasts about two hours. The total effect 
upon electrolyte and water e.xcretion is thus brief 
and quantitatively less than that of a comparable 
oral dose. 

The usual adult dosage range is one or two 
0.5-Gm. tablets of chlorothiazide once or twice a 
day. When the total daily dose is 1.0 Gm. or 
more it is usually administered in two divided 
doses at an interval of six to twelve hours. 

The clinical reports received to date attesting 
to the outstanding value of chlorothiazide as a 
safe and effective agent in the treatment of edem- 
atous states as well as in the treatment of hy- 
pertensive vascular diseases have prompted us to 
describe the physical properties and pharmaceu- 
tical dosage forms of this new diuretic agent. 

PHYSICAL PROPERTIES 

Chlorothiazide is a white crystalline compound 
melting about 355° with decomposition. Its em- 
pirical formula is C 7 H 6 C 1 N 304 &J and the molecular 
weight is 295.7. It may be represented structurally 
as follows: 
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Cl- 
HiNOjS- 

Chlorothiazide 


Chlorothiazide is verj' slightly soluble in water 
and glycerin. It is practically insoluble in etlier. 
chloroform, and benzene. One gram dissolves in 
about 300 ml. of acetone, 500 ml. of 95% ethanol, 
350 ml. of methanol, 159 ml. of pyridine, or 9 ml. of 
dimethylformamide. The solubilitj' of chlorothia- 
zide in water or dilute acids is approximately 0.2 mg. 
per ml. At pH 7 the solubility is approximately 
0.7 mg. per ml. and at pH 8.5 it is 16 mg. per ml. 
More than 1 Gm. will dissolve in 10 ml. of 1 A' so- 
dium hydroxide. 

Chlorothiazide is a weak dibasic acid with 
pKi = 6.7 and pKj = 9.5. In acid solution it 
shows an ultraviolet absorption maximum at 27S 
ma, with a (1%. 1 cm.) approximately 420. In 
0.1 sodium hydroxide the absorption maximum 
occurs at 292 m/i, with a (1%, 1 cm.) approximately 
430. 

The heterocyclic ring of chlorothiazide is slowly 
hydrolyzed in alkaline solutions yielding a diazotiz- 
able amine. At room temperatures, solutions in 
0.1 JV sodium hydroxide hydrolyze at the rate of 
approximately 1% per hour while at 100° the initial 
rate is about 2% per minute. MTiile the stability of 
chlorothiazide in neutral or acidic solutions is sub- 
stantially greater, the low solubility of the drug at 
lower pH’s precludes the attainment of physiologi- 
cally effective concentrations. 


TVPICAL FORMULATIONS 

Compressed Tablets. — Stability studies have indi- 
cated that compressed tablets of chlorothiazide are 
satisfactory when manufactured by either the wet 
granulating or by “slugging” techniques. Tablets 
containing 250 rag. and 500 mg. of chlorothiazide 
and corn starch, and granulated with starch paste 
have been made with a hardness of 7 to 8 Kg. and a 
disintegration time of five minutes at 37°. Tablets 
containing 250 mg. of chlorothiazide and additives 
such as polyethylene glycol 4000 and raethylcellu- 
lose to increase hardness have been made by slug- 


ging. These usually have a hardness of 4 to 5 Kg. 
and a disintegration time of five minutes at 37°. 
Hardness was determined with a Monsanto hard- 
ness tester and disintegration was taken with a 
Stoll-Gershberg tj-pe of apparatus. 

Injection. — Chlorothiazide is uniformly and well 
absorbed when given orally. However, when oral 
administration is not possible or desirable, chloro- 
thiazide raa 3 ’ be administered intravenoush-. The 
dosage form of chlorothiazide for intravenous use 
requires the chlorothiazide to be either in solution or 
in a form completely and quickly soluble. Chloro- 
thiazide is somewhat soluble in poh-ethylene glycol 
300 and polj-ethj-lene glj’col 400. It is readily 
soluble in dilute sodium hydroxide solutions. The 
latter solutions, unfortunately, decompose upon 
standing at room temperature or elevated tempera- 
tures with hydrolysis of the heterocyclic ring. The 
reaction maj’ be summarized as follows: 



Other 

Products 


Because of this instability sterile freeze-dried 
solids were investigated for parenteral use in clinical 
studies. Aqueous solutions of the monosodium salt 
of chlorothiazide freeze-dry to yield hard shrunken 
plugs with a poor appearance and which dissolve 
veri' slowly' upon adding water. This difficult}’ was 
overcome by the addition of suitable excipients for 
lyophilization, particularly dry sugar alcohols. 
Freeze-dried solids containing 0.5 Gm. of chloro- 
thiazide as the sodium salt can be restored with 10 
ml. or more of water for injection to give a clear 
solution having a pH of 9.5. When a vial containing 
0.5 Gm. of chlorothiazide (as the sodium salt) is 
restored with 20 ml. of water, the resulting solution 
is practically isotonic and has a freezing point of 
-0.505°. 

I’ials of freeze-dried chlorothiazide may also be 
restored with normal saline and 5% dextrose. 


Table I. — Compatibility of Chlorothiazide With Hypotensive Agents 


DruK" 

pH 

Protoveratrines A and B 

5.9 

Pentolinium tartrate 

5.3 

Hydralazine hydrochloride 

3.7 

Cryptenaraine acetate 

4.7 

Aikavervir 

3.2 

Reserpine 

3.0 

Mecamylaminc hydrochloride 

7.5 

Cryptenamine acetate 

4.7 

plus hydralazine hydrochloride 

3.7 

Reserpine 

3.0 

plus hydralazine hydrocldoridc 

3.7 

Reserpine 

3.3 

plus mccamylamine HCl 

7.5 


•Appearance*^’ 


Amount 

pH of 

* * 

After 

Added, ^ ral. 

Mixture 

Initially 

21 Hr. 

1.2 

9.1 

S 

S 

1.0 

9.1 

s 

S 

2.0 

9.0 

H 

P 

1.0 

9.2 

S 

s 

1.0 

9.0 

S 

s 

1.0 

9.0 

H 

p 

1.0 

9.2 

S 

s 

1.0 

2.0 

9.0 

H 

p 

1.0 

2.0 

8.8 

H 

p 

0.5 

1.0 

9.3 

H 

p 


® Hypotensive agent in commercially available solution. 

* The indicated volume of solution was added to 125 ml. of chlorothiaride solution in 5 % dextrose. The pH of this 
solution tvas 9.15. 

' S—Solution clear with no discoloration or precipitate, H-'Solution became cloudy and developed color. P— Precipi- 
utc developed. k 
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These diluents do not alter the pH and therefore 
result m clear solutions On the other hand, dil 
uents which lower the pH of the restored solution 
to pH 8 8 or less tend to j leld cloudj solutions due 
to precipitation of chlorothiazide free acid 

A 10% solution of chlorothiazide free acid maj be 
prepared in a 75% aqueous solution of polyethj lene 
gl} col 300 or 400 Although this solution is effective 
as a diuretic when administered intravenously to 
the dog, clinical studies were not conducted 

Compatibility of Sodium Chlorothiazide Solutions 
With Hypotensive Drugs — The potentiating action 
of chlorothiazide upon such hypotensive drugs as 
reserpine, ^ eratrum alkaloids, hydralazine, and 
ganglionic blocking agents led us to study the 
compatibility of chlorothiazide sodium solution with 
some of these agents The results of this study arc 
shown in Table I 

Oral Fluid Preparation. — Chlorothiazide free acid 
IS only very slightly soluble and is therefore quite 
stable in aqueous suspension at pH 6 5 or lower It 
IS also compatible with such materials as tragacanth, 
carboxy'mcthylcellulose, methy Iccllulosc, gelatin, 
and acacia Suspensions prepared with tragacanth 
in a syrup base were found to he quite satisfactory' 
both physically and chemically The particle size 
of the chlorothiazide used m the suspensions aver- 
aged 6 a and the preparations resuspended aery 
readily with no ea idence of caking even after storage 
at higher temperatures They were readily flaaored 
to mask the slight bitterness of the chlorothiazide 
ba the addition of citrus flaaors 

Stability. — The stability of chlorothiazide m the 
formulations described was eaaluated over pro 
longed intervals at widely a'arymg temperatures 
The excellent stability of chlorothiazide in these 
products has been summarized m Tables II, III, and 
l\ 

ANALYTICAL PROCFDURES 

Chlorothiazide can be assayed by ultraviolet 
absorption at 292 m/i after diluting the sample with 
0 1 iV sodium hydroaide, filtering if necessary, and 
then diluting to approximately 1 mg per 100 ml for 


Table II — Stability or Chlorothiazide in 
Tablet Formulations 




— Stonge 

Assay 


Temp 


% Label 

Formulation 

°C 

Period 

Claim 

C T 500 mg “ 


Initial 

101 


80 

5 days 

99 


70 

10 days 

101 


60 

20 days 

99 


37 

2 mo 

101 



4 mo 

98 



6 mo 

98 



13 mo 

98 


RT 

4 rao 

99 



6 mo 

99 



13 mo 

101 

C T 250 mg 


Initial 

99 


50 

1 mo 

94 


37 

7'/" mo 

99 


RT 

4V2 mo 

99 



7‘/s mo 

100 


“ Prepared by wet g^ranuJation 
Prepared by slugging 


Table III — Stability of Chlorothiazide in 
Freeze Dried Preparation 


Temp °C 

■ Storage 

Period 

Assay 

% I abel Claim 


Initial 

98 

60 

2 wks 

94 

50 

2 wks 

98 


5 mo 

95 


14 mo 

99 

37 

1 mo 

96 


5 mo 

98 


14 mo 

99 

RT 

2 mo 

101 


5 mo 

100 


14 mo 

100 


Table IV — Stability or Lvophilized 
Chlorothiazide 500 mg After Restoration 


Assa> % Initial Concentration 
Volume z— Time After Restoration Hr — • 
ml 0 3 22 48 72 


Diluent 
Water for 

ml 

0 

3 

22 

48 72 

injection 

10 

100 

99 5 

98 

97 5 98 

Dextrose 5% 

10 

100 

99 5 

98 

97 

96 

Dextrose 5% 

500 

100 

99 5 

98 

94 

94 


measurement If the measurement is completed 
within one hour, alkaline decomposition is insignifi 
cant Many neutral or basic interferences can be 
remoa ed by’ w ashing an alkaline solution w ith chloro 
form before final dilution Acidic or phenolic sub 
stances can usually be remoa ed by w ashing an inter 
mediate acidic dilution (less than 30 mg /lOO ml ) 
with chloroform before final dilution with 0 1 iV 
sodium hydroxide 

While the major hadrolasis product of chloro 
thiazide (see reaction for decomposition) is not re 
moacd by the above treatments, the absorption of 
tins decomposition product at 292 m^ is only 25% 
that of chlorothiazide For stability studies in 
which apparent decomposition (as determined by 
ultraviolet absorption) is less than 10%, no sigmfi 
cant error is introduced if the absorption due to 
the amine is ignored The ha drolysis product itself 
can be determined by diazotization and coupling 
by a modified Bratton Marshall method (12) 

Compressed Tablets. — Weigh accurately pow- 
dered tablets equivalent to 250 mg of chlorothiazide 
into a 250 ml volumetric flask Add about 200 ml 
0 1 Af sodium hy droxide solution and shake for 
fifteen minutes Dilute to aoluiiie with sodium hy 
droxide solution, mix thoroughly, and alter about 
50 ml through a No 2 Whatman paper discarding 
the first 25 ml of filtrate Dilute 1 to 100 ml w ith 
0 1 W sodium hy droxide and determine absorbance 
at 292 mil Calculate using o (1%, 1 cm )=430 

Freeze-Dried Sodium Salt — Dissolve the con 
tents of one vial (approx 500 mg ), transfer quanti 
tatively to a 250 ml volumetric flask with 0 1 A 
sodium hy'droxide, and dilute to volume Dilute 
this further with 0 1 A sodium hydroxide, 25 ml to 
500 ml and 10 ml of the latter solution to 100 ml 
Determine absorbance at 292 royi and calculate using 
a (1%, 1 cm )=430 

Oral Suspension — Dilute 5 ml of suspension to 
250 ml with 0 1 A sodium hy droxide (solution A) 
Dilute 10 ml of solution A to 100 ml with 0 1 A 
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hydrochloric acid (solution B) Wash about 50 ml 
of solution B with 2 X 25 ml chloroform Dilute 
10 ml of washed solution B to 100 ml with 0 1 A'' 
sodium hydroMde Read absorbance at 292 tn/i 
and calculate using a (1%. 1 cm )=<130 

SUMMARY 

1 Methods were developed for the prepara- 
tion of compressed tablets, suspension, and freeze- 
dried solid of chlorothiazide 

2 Analytical procedures were developed for 
the assay of chlorothiazide in these dosage forms 

3 The chlorothiazide in these dosage forms 
has been found to be quite stable in both accele- 
rated and long term stability studies 
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Alkaloids of Vinca rosea Linn. {Catharanthus roseus 

G. Don.) V* 

Preparation and Characterization of Alkaloids 
By GORDON H. SVOBODA, NORBERT NEUSS, and MARVIN GORMAN 


As part of continuing study of alkaloid-bear- 
ing members of the family Apccy/iaceae, we 
have undertaken a detailed phyTochemical 
investigation of the pantropical plant Vinca 
rosea Linn. (1). Twelve crystalline com- 
pounds have been obtained and characterized. 
Details of the procedure leading to the prep- 
aration of pure substances are described. 
Two of these alkaloids, leurosine and vinca- 
leukoblastine, possess activity against P-1534 
leukemia in mice. 


HD Apocynacdous plant Vinca rosea Linn 
has enjoyed a wide reputation in folk medi- 
cine as an oral h}^poglycemic agent* (2, 3) As 
part of our general program of investigation of 


♦Received August 21, 1959 from the Organic Chemical 
Dc\elopment and LilU Research Laboratories, EU Lilly and 
Co , Indianapolis, Ind 

\Ve wish to acknowledge and thank the following indi> 
Mduals for their aid m the course of this investigation 
Botanical classification Dr Julian Stejermark Research 
As'iociate Missouri Botanical Gardens Plant processing 
Mr A J Barnes, Jr Laboratory assistance Afrs Nancj J 
Cone, Miss Ruthanne MiUer, Messrs R J Armstrong, A T 
Oliver, and George Johnson Physical data Miss Ann Van 
Camp, Dr H E Boaz, Mr L G Howard, and associates 
Mtcroanalyses M'essrs G M Maciak, W L Brown, H L 
Hunter and R Hughes Biological evaluations Drs M 
Root and I S Johnson and associates Paper chroraatog 
raphj Mr H Bird Plant procurement Ellis Mecr 
Corp , New York, N Y Alkaloid samples Dr C T Beer, 
University of Western Ontario, London Canada, authentic 
sample of vincalcukoblastine sulfate Professor Jaoot and 
Dr Jean Lc Men, Univcrsitj of Pans, Faculty of Pharraacj, 
Pans Prance, sample of vmdolinine dth>drochlonde 

Presented to the Scientific Section, A Ph A , Cincinnati 
meeting August 1959 

* In an earlier description of medicinal properties of this 
plant, PeckoU has mentioned that the infusion of the leaves 
of Vtnea rosea 1 inn is used in Brazil against hemorrhage, 
scurvj.nsa mouthwash for toothache and for healing and 
cleaning of chronic wounds (6) Most recently Chopra, et 
al h i\ c reported that the total alkaloids possess a timiled an 
lihiotic activ itv (against V cholera and 11 pyogenes var 
aureus) as well as a significant and sustained bvpotensive 
action (Ga) 


plants in this family (4), a phytochemical studv 
of this plant was undertaken Various alkaloidal 
and nonalkaloidal fractions W'ere tested for their 
ability to lower blood sugar In our hands, 
however, these results were all negative (5) - 
During the testing, the observ'ation w'as made that 
certain fractions prepared from the crude drug 
produced a delayed toxicity in experimental 
animals Subsequent!)' these e.\tracts were sub 
mitted for testing against e.\penmental leukemia 
(10) Limited prolongation of life was observed 
in DBA-2 mice against P-1534 leukemia with 
certain preparations of plant material 

This activity prompted a systematic fraction 
ation of extracts in a search for the active prin- 
ciples free of extraneous, undesirable toxic sub 
stances Initial testing soon indicated that the 
biologically active entities ivere confined to the 
complex alkaloidal portion of the drug 

In this communication a procedure is described 
for the preparation of leurosine and vincaleuko 
blastine,’ two alkaloids possessing the anti- 


* A literature search re\ ealed that earlier ii orkers ha\ e 
investigated the properties of this plant on carbohjdrate 
™«fabohsm with essential^ negativ e results (7, 8, 9) 

» After the preparation of leurosine b> one of us (G H S ) 
It was learned that Drs Noble. Beer, and Cutts of the De 
partment of Medical Research TJniv ersity of Western On 
tano, London Canada have also observed hematological 
responses m certain preparations of Vtnea rosea I mn leav es 
and swbseqvjentl> have obtained an active alkaloid vinca 
leukoblastine bmee that time certain phases of the work 
on yncaleukoblastine have been earned out in cooperation 
irith the Canadian group, ^ / 




leukemic activity mentioned above Pertinent 
data regarding other crystalline alkaloids (Tables 
I and II) obtained from this plant are also 
presented 

BOTANICAL AND CHEMICAL 
CHARACTERISTICS 

Botanical Description of Vinca rosea Linn — 
Vtnca rosea Linn is an erect, everblootning pubes- 
cent herb or subshrub, one to two feet high (Fig 1) 
(II) It IS generally cosmopolitan in the tropics 
but IS also cultivated ividely in gardens throughout 
the world (12) Tiio color varieties (pink and 
iihite) are found in the natural state and an addi 
tional three (blush pink ivith red eje, crimson, and 
IV lute with red eye) are listed as commercial!} avail- 


able seed h} brids (13) Generali} accepted svn- 
on}ms for the genus Vtnca are Pervtnca, Lochnera, 
and Catharanthus ^ The genus is placed in the 
group Lochnenneae cf the tribe Alsloniae, of the sub 
family Plumerotdcac ■' 


♦ Pichon an anthonty in the taxonomy of the Apocynaceae 
has shown however that the genera Vtnca and Lochnera 
differ in thirty four morphological characteristics and there 
fore should not be used as synonj ms He also found that the 
name Lochnera Retchh was predated some seven months by 
the name Catharanthus G Don Therefore the correct 
botanical name for this plant is Catharanthus roseus G Don 
(14) but to avoid confusion we shall continue to use the more 
common Vtnca rosea Linn A complete botanical desenp 
tion and bibliography on the genus Vtnca Linn is given in 
the doctoral thesis of Marcelle Gabbai I es Alcaloides des 
Parvenches Vtnca el Catharanthus (APocynaceae) Uni 
\ersite de Pans Fnculte de Pharmacie Serial No U 291 
1958 Fans France We thank Dr Jean Le Men of this 
university for making the thesis available to us 


November 1959 


Scientific Edition 


661 


Ground Whole Plant {9 Kg.) 



(O.B Gm.) 


Fig. 2. — Extraction sclieme 


Table I. — Alkaloids from Vmca rosea Linn. 


No 

Name 

Formula 

1 

Ajmalicine 

CsiHjiOaNt 

2 

Tetrahydroalstonine 

QnHn.OjNj 

3 

Serpentine 

C2lH2'’03l'f2 

4 

Lochnerine 

CjoHj.OjN, 

5 

Reserpine" 

C33H4o09N5 

6 

Akuammine" 

QsHjsOtNs 


u Reserpine and akuammine (vmcamajondine) have not 
been obtained during this work 


Alkaloidal Constituents of Vinca rosea Linn. — 
The earliest chemical investigation of the plant was 
carried out by M. Greshoff (15), who indicated the 
presence of alkaloidal constituents but was unable 
to obtain homogenous, crystalline compounds An 
advance in the phytochemistry of this plant was 
made by Cowley and Bennett (11) in 1928 when 
they were able to prepare two crystalline sulfates 
and a tartrate from the total alkaloidal fraction; 
however, no chemical or physical properties of these 
salts were described. In 1953, R. Paris and Moyse- 
Migmon reported an unidentified crystalline alka- 
loid from this plant (16). More recently several 
groups have obtained the following alkaloids (Table 
I): ajmalicine (17), akuammine* (17), tetrah 3 'dro- 
alstoninc (18), serpentine (17, 18), lochnerine (19), 
and reserpine* (20) 

While our investigation was in progress, Kamat 
and co-workers (21 ) have reported on two amorphous 
and two crystalline alkaloids Only one of these 
was described in detail and named vindoline At 
about the same time Noble, Beer, and Cutts have 
described the alkaloid vincalcukoblastine (22) and 
one of us (G H S ) obtained three additional alka- 
loids, leurosine, perivine, and virosinc (23) Most 
recently nc have given details of the characteriza- 

‘ These aIkaIo\ds were uol encountered during our invcsli- 
Ration 


tion of additional new V^nca alkaloids, viz , cathar- 
anthine, vindolinine,* and lochnericine’ and con- 
firmed the presence of the compounds reported 
earlier (25) (Table 11) 

The alkaloids reported prior to 1958 (Table I) are 
well documented and do not merit further discussion 
The remaining alkaloids are listed in Table II 
The empirical formulas, m p ’s, pKa’s, optical rota- 
tions, and ultraviolet absorption maxima are also 
given As an additional aid to the characterization 
of these alkaloids, their respective infrared spectra 
are reproduced separate!}' (Fig 3) The charac- 
terization of alkaloids 1-6 has been described in 
detail by us previously (25, 26). Perivine and viro- 
sine have been reported by one of us (G. H S ) but 
no empirical formulas have been assigned (23) 
Perivine is now shown to be a CmHuOaN” com- 
pound This formulation was corroborated by the 
analysis of the hydrochloride as well as the deter- 
mination of the molecular weight of this salt from 
X-ray data measurements of the unit cell The 
spectral data of perivine indicate that this compound 
is another representative of 2-acyl indole alkaloids 
(27) Virosine has been tentatively formulated as a 
C-sH-eOtNs compound Its spectral characteristics 
are as yet uninterpreted and small amounts of the 
alkaloid did not allow any degradative studies 

Phytochemical Analysis of the Alkaloids of Vinca 
rosea Linn, — Figure 2 represents a brief outline of 
the scheme used in the preparation of the alkaloids 
The process consists essentially of separating the 
plant alkaloids into those whose tartrates are soluble 
in organic solvents and those which are insoluble 
under these conditions In each fraction (Ai, Bi, 


• The occurrence of this alkaloid has been pric ately com 
iminicated to us by Professor Janot. Unnersity of P.ins and 
the name a as chosen by mutual agreement aith his group 
r An alkaloid, independently named lochnericine. has been 
reported by C P N Nair and P P Pillay (2J) This 
roalcnal appears to be identical nith our lochncncinc. 
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Fig 3.^ — Infrared spectra of alkaloids Tlie infrared spectrum of vindolinine dihydrochloridc was obtained 
in a mineral oil mull. All other spectra were recorded in chloroform in a 0.1 mm. path, using the Perkin- 
Elmer Model 21 spectrophotometer. 
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Fie- 3. Infrared t,])cctni of alkaloids. The infrared spectrum of vindolinine dihvdroehloride was obtained 
Elm,^ SeltrStropLtom^^ " “ chloroform in a D.l nim. path, using the Perkin- 
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B, etc ) the final purification and eventual separa 
tion of biological activity is achieved bj' careful 
elution chromatography on deactivated alumina 
Details of this procedure arc described in the experi- 
mental portion of this paper 

Prehminarj observations pertaining to the inter 
relationship of the biologically active alkaloids 
leurosme and vincaleukoblastme with the indole 
alkaloid catharanthine and the dihydroindole alka 
loid vmdolmc have been reported elsewhere (1) 
At the present time we are continuing the investiga 
tions toward a complete structure elucidation of these 
substances 

EXPERIMENTAL 

Ml known alkaloids isolated above were identified 
bj comparison of mixed melting point, infrared 
spectra, and X raj diffraction patterns with those of 
authentic specimens (28) The melting points were 
determined on a Kofler microstage 

The alkaloidal extracts were obtained using the 
following procedure Ground whole plant (9 Kg ) 
was defatted bj' stirring with two 45 L portions of 
Skellj' B This extract gave a (-f) Major's test 
Concentration to 3 L and extraction with 2 N HCl 
(4 X 200 cc ) gave, after treatment of the acid with 
NHjOH and ether extraction, 3 1 Gm of alkaloids 
(E) 

The defatted drug was mtmiatelj mixed with 0 L 
of 2% tartaric acid and extracted bj stirring with 
three 48 L portions of benzene The combined 
extracts were concentrated uitaciw to approximateh 
9 L The alkaloids were extracted from this ben- 
zene concentrate with 2% tartaric acid (two 12 L 
portions) The acid extract was then extracted at 
pH 3 2 with two 0 L portions of cthvlene dichloride 
Drj mg and evaporation j leldcd 8 80 Gm (A|) 

The acid solution was made alkaline to litmus 
with NHjOHand was extracted with OL of ethjlene 
dichloride The solution was dried and eiaporated 
to give 20 07 Gin (A) 

After the "acid” benzene extract had been col- 
lected, NHj was bubbled through the drug (in 
benzene) until it was alkaline The alkahnizcd 
drug was extracted bj stirring with three 48 L por- 
tions of benzene The ‘alkaline” benzene extract 
was processed in the same manner as was that from 
the "acid” benzene The jiclds of (Bj) and (Bl 
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were 6 13 Gm and 21 87 Gm , respectivelj After 
removal of the B fraction, the pH of the ammomacal 
solution was adjusted to pH 11 with sodium hj 
droxide pellets Extraction of this solution with 
chloroform followed bj drying and evaporation gave 
0 8 Gm of alkaloid (F) 

The alcoholic extract of the ammomacal marc has 
j'lcldcd a number of phenolic bases which are pres 
entlj' being investigated (C, D) 

Benzene solutions of 10 Gm of each of these 
materials, obtained as amorphous powdeis, were 
subsequeiitlj chromatographed on 400 Gm of 
alumina (Alcoa alumina. Grade F 20) deactivated bj 
treatment with 12 5 cc of 10% acetic acid in the 
usual manner The eluting solvents were benzene, 
benzene chloroform mixtures, chloroform, and fin 
ally chloroform-methanol mixtures Fractions were 
collected, evaporated in vacuo, and combined, where 
indicated, bj infrared spectroscopj The purified 
alkaloids were crj stallized from a suitable solvent or 
converted to an appropriate salt The results are 
shown in Tables III, IV, V, VI, VII, and VIII 
Characterization of Penvine and Virosine^ — 
Pcnvinc — From the cliromatographj of 20 Gm of 
fraction B (Table VI) there were obtained 250 mg 
of crude penvine bj the elution w.th benzene 
chloroform mixtures (1 1) (fraction 20-21) Crjs 
talhzation from acetone afforded 140 mg of crrstal 
line penvine Two recrj stalhzations from methanol 
gaxe long prisms, m p 218-221° (decompn ), 
= - 121 4° (C = 1, CHCI,) 

Ann/— Calcd for C-oH-0,N- C, 70 98, H, 

0 55, N, 8 28, mol wt , 338 39 Found C, 
70 94, H, 0 77, N, 7 93, mol wt , 355 ± 10 
pK'a 7 5, electrometric titration, 66% DMF 
The hjdrochloride salt was prepared in a conven- 
tional manner and recrj stallized from methanol 
ether 

Aim/— Calcd for C-oH^OjN. HCl C, 63 74, 
H, 6 69, N, 7 43, Cl, 9 41, mol wt 374 86 
Found C, 63 89, H, 6 71, N, 7 51, Cl, 9 33, 
mol wt 373 5 ± 1% (X rax ) 226 mp (£ = 

19,100) and 314 mp (£ = 19,200) 

Vtrosi7ie — A careful chromatographx of 50 Gm of 
the fraction A (Table IV) xielded 55 mg of pure 
virosine which, after two recrj stalhzations from 
chloroform methanol, afforded long prisms, m p 
258-261° (decompn ), [a]"^ = - 160 5° (C = 1, 
CHCh) 


Table II — Alkaloids from Vinca rosea Linn 






f ® 

lajD 

pR'a in 

u V xS!.?" 


No 

Name 

Formula 

M p °C 

CHCli 

6G% DMF 

m mp 

Lit Ref 

1 

Vindoline 

CosHanOoNo 

154-155 

-f-42 

5 5 

212, 250, 304 

25 

2 

Catharan 

thine 

CoiHoiO^No 

126-128 

-1-29 8 

6 8 

226, 284, 292 

25 

3 

Vindolin 
me 2HC1 

C,H»,_60oNo - 
2HCI 

210-212 
(decompn ) 

-8 (H O) 

3 3, 7 1 

245, 300 

25 

4 

Lochnencme 


190-193 
(decompn ) 

-432 

4 2 

226, 297, 327 

24. 25 

5 

Leurosme 

C46H.5sU9N4 

202-205 
(decompn ) 

-|~V2 

5 5, 7 5 
(H.O) 

214, 259 

23, 26 

6 

Vincaleu 

koblastme 

OeHsgOgrsU 

211-216 
(decompn ) 

-|-42« 

5 4, 7 4 
(H.O) 

214, 259 

22, 26 

7 

Penvine 

OoH-jOiN. 

180-181 

-121 4 

7 5 

226, 314 

23 and this 
paper 

8 

Virosine 

C".>H»cOiN« 

258-264 
(decompn ) 

-ICO 5 

5 85 

226, 270 

23 and this 
paper 


o Determined on vincaleukoblastme etherate (OcHmOiNi (C-*!!#)!©] 
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Table III. — Chromatography of (Ai) 






Crystallizing 

500 




cc ea 

Eluting SoUent 

Compound 

Wt . Gra 

Solvent 

1-2 

Benzene 

Amorphous residues 



3-4 

Benzene 

T etrah vdroalstonine 

0 112 

^lethanol 

5-8 

Benzene 

Amorphous residues 



9-14 

Benzene-chloroform (3’1) 

Vindoline 

2 5 

Ether 

14-on 

Chloroform 

Amorphous residues 




Table IV 

. — Chromatography of (A) 








500 




Cr> staUizing 

cc ea 

Eluting Solvent 

Compound 

Wt . Gm 

Solvent 

1 

Benzene 

Catharanthine 

0 250 

Methanol 

2 

Benzene 

VindoUnine (as dihv- 

0 210 

Methanol-ether 



drochloride) 



3-19 

Benzene 

Ajmaficine 

0 798 

Methanol 

20-21 

Benzene 

Vindoline 

0 820 

Ether 

34-42 

Benzene-chloroform ( 1 ■ 1) 

Leurosine 

0 234 

Methanol 

43-45 

Benzene-chloroform (1:1) 

I’incaleukoblastine (as 

0 126 

Ethanol 


sulfate) 



46 

Chloroform 

I'irosine 

0 010 

Acetone 

47-52 

Chloroform-methanol 

Amorphous residues 




Table V. 

— Chromatography of (Bi) 



Fraction, 





500 




Crystallizing 

cc ea 

Eluting Solvent 

Compound 

Wt , Gm 

Solvent 

1-2 

Benzene 

Amorphous residues 



3 

Benzene-chloroform (3T) 

Aimaiicine" 

0 059 

Acetone 

4-11 

Benzene-chloroform (IT) 

Amorphous residues 



12-13 

Benzene-chloroform (IT) 

6-Sitosterol 

0 008 

Methanol 

14-on 

Amorphous residues 



a Isolated as a monohydrate 





Table VI 

— Chromatography op (B) 



Fraction, 





050 




Crystallizing 

cc ca 

Eluting Solvent 

Compound 

Wt . Gm 

Solvent 

1-11 

Benzene 

Oily residues 



12-13 

Benzene-chloroform (3.1) 

Ajmalicine 

0 055 

Methanol 

14-19 

Benzene-chloroform (3 T ) 

Amorphous residues 



20-21 

Benzene-chloroform (l:l) 

Perivine 

0 084 

Acetone 

22-24 

Benzene-chloroform (1.1) 

Amorphous residues 



25-27 

Benzene-chloroform (IT) 

Lochnerine 

0 581 

Acetone 

28-38 

Chloroform 

Amorphous residues 



39 

Methanol 

Amorphous residues 




Table VII — 

Chromatography of (E). 3 Gm 


Fraction, 





150 
cc ea 

Eluting SoU ent 

Compound 

Wt , Gm 

Crystallizing 

Solvent 

1-3 

Benzene 

Yellow oil 



4-0 

Benzene 

Lochnericinc 

0 23 

Methanol 

7-18 

Benzene 

Oils 

19-28 

Benzene 

Tetrahvdroalstonine 

0 08 

Methanol 

29-53 

Benzene-chloroform (3 1) 

Oil 

54-58 

Benzetie-chloroform (3 I) 

Vindoline 

0 43 

Ether 


Table VIII • — ' 

Chromatography or (F), 0 8 Gm 



Fraction, 
100 
cc ca 

EJutmg Soh ent 

Compound tVt , Gm 

Crystallizing 

1-10 

11 

12 

Benzcne-cliloroforni (1 1) 
Chloroform 

Amorphous residues 

Serpentine (as nitrate) 0 02 

Water-etliaiiol 

Chloroform-metlianol 

Amorphous residues 
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Anal— CaXcA for CjiHocOjN.: C, 69 09; H, 
6 85, N, 7 33; 0,16 73; mol wt , 382 44 Found: 
C, 68 85, 69 22, H, 6 64, 6 97, N, 7 23 , 0,16 99, 
mol wt 349 ± 20 

pK'a 5 85, electrometric titration, 66% DMF 
226 mp (B = 29,400) and 270 m^ (B = 8,500) 
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The Biological Action of Cellular Depressants 
and Stimulants IF 

The Kinetics of the Action of Urethane on the Growth of 
Tetrahymeiia pyriformis 

By JOHN J. EILER, JOSEPH Z. KREZANOSKIf, and KWAN-HUA LEE 


A kinetic analysis of the action of urethane on 
growth shows that the rate of cell division of 
Tetrahymena pyriformis, both in the presence 
and in the absence of drug, is best described 
by a second-order rate law. The concentra- 
tion of some rate-limiting factor critical to 
growth is lowered both by urethane and 
oxygen want. 

Tn the first paper in this series (1), it was 
shown that increasing concentrations of ure- 
thane cause a progressive increase in the mean 
generation time of normal cells of Tetrahymena 
pyriformis Cells which have been subcultured 
frequently in the presence of the drug prior to the 
test to produce trained cells, respond to the drug 
in a similar fashion, but with a decrease in sen- 
sitivity. In the tests on both types of cells 
(normal and trained), the quantitative estimation 
of the effect of the several concentrations of drug 
was based on the rate of cell division only during 
the period of logarithmic growth Since logarith- 
mic growth accounted for no more than 10 per 
cent of the total increase in population, it seemed 

’’'Recei\ed Ma^ 18, 1959, from the School of Pharmacy, 
Uni\ersity of California Medical Center, San Francisco 22 
t Fellow of the American Foundation for Pharmaceutical 
Education Present address Medical College of Virginia, 
Richmond 


proper to e.xtend the examination of the data tc 
seek both a more encompassing measure of druj 
action and, if possible, additional information 
concerning the mechanism of action. Such an 
examination is presented here 

DATA, CONCEPTS, AND DISCUSSION 

The growth data which form the basis of tins 
paper have been taken from oui previous report 
(1) Tlie cells iiere groiin in 2,000-ml Provitsky 
flasks containing either 750 ml of a proteose-pep- 
tone- 3 'east extract medium or 750 ml of the medium 
to which had been added known amounts of ure- 
thane The flasks iiere inoculated vith Tetra- 
hymena pyriformis either from cultures of normal 
cells or from cultures of trained cells so as to yield, 
111 either case, an initial population of 1,000 cells/ml 
The cultuies were stored in the dark at 27° uitli- 
out agitation except for the periodic nithdraual 
of samples for the purpose of estimating the cell 
population 

The increases in cell count in the absence and 
in the presence of the several concentrations of 
urethane are presented in Fig 1, where tlie ratio 
of the time-dependent population (Pt) to the 
initial population (Po) is plotted on a logaritlimic 
scale versus time The slope of the linear portion 
of each of the curves constitutes a quantitative 
measure of the effect of a given concentration of 
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Fig, 1 , — The effect of several concentrations of 
urethane on trained and normal cells. The time- 
dependent cell count (P,) divided by the initial 
cell count (P„) is plotted on a logarithmic scale. 
Normal cells, O = control; A = 0.07 il/; O = 
0.08 j\f; and O = 0.09 Af. Trained ceils, # = 
control; A = 0.07 M; ♦ == 0.08 M; and ■ = 
0.09 M. 

drug. The slopes are reported as first-order re- 
production constants (feO in Table I. 

It is to be noted in each of the curves of Fig. 1 
that adherence to first-order Wnetics is limited to 
about the first five generations. A continual de- 
crease in the reproduction constant (slope) is 
observed to take place after the attainment of a 
population of about 20,000-25,000 cells/ml. About 
the same limit to exponential growth seems to 
hold in all cases. Since the maximum populations 
(,Px) attained ranged between 275,000-363,000 
cells/ml. (see Table 1), it is clear that nonexponen- 
tial growth represents over 90% of the increase in 
cell population. 

The downward concavity of the growth curve, 
nhen plotted in accordance with first-order kinetics, 
suggests the possibility that growth may conform 
to a rate law of some higher order. Growth curves 
following a second-order rate law (2, 3, 4) or even 


Table I. — The Values of Several Constants 
Related to the Rate of Growth of Tctrahymena 
pyriformis and Its Inhibition by Urethane 


Cell Type 

Conen. 

\3relhane, 

i^Ioles/ 

Liter 

hr. 

Pt 

X 10* 

Px/ki 

X 10> 

ki X 10 -t 
ml. /cell/ 
hr. 

Normal 

0.0 

0.417 

303. 

873 

0.37“ 

Normal 

0.07 

0.329 

313 

950 

0.37“ 

Normal 

O.OS 

0.288 

273 

946 

0.37“ 

Normal 

0.09 

0.259 

254 

978 

0.37“ 

Trained 

0.0 

0.417 

362 

873 

0.37“ 

Trained 

0.07 

0.356 

326 

915 

0.37“ 

Trained 

0.08 

0.336 

311 

930 

0.37“ 

Trained 

0,09 

0.309 

275 

890 

0.37“ 


“ C.alcuIateU from slope in Fig. 2. 


higher (3, 5) have been reported frequently. In- 
deed, Browning, el al. (6), have observed conditions 
under which Tetrahymcna cells may' glow according 
to second-, third-, or higher order kinetics. 

After the trial of seveial possible rate laws, suc- 
cess was achieved with the use of the rate law appli- 
cable to second-order autocatalytic reactions (4, 7) 
which, using the symbols employed by Browning, 
el al. (5), describes the time-dependent increase in 
cell number as follows: 


1 + (Eq. 1) 

CO 


where Pi represents the maximum population and 
h the second-order repi eduction constant. The 
other symbols are as used already. 

For purposes of making calculations and plotting 
the results, a logarithmic form of the equation, as 
follows, is more useful: 



(Eq. 2) 


Table II contains the values foi the first member 
of Eq. 2 for the data presented graphically in Fig. 
1. It is to be observed that all the values related 
to a given time aie very closely alike. Presumably 
all populations of cells, normal and trained, in the 
presence and in the absence of drug, multiplied 
according to the same law. The agreement of 
the data with values calculated assuming second- 
order kinetics may be observed in Fig. 2 where, 
due to the frequeney of the eoincidence of points 
(see Table II), W'e have plotted only the average 
of the points foi a given time for eaeh type of cell. 
The slope, or the average value for ki, amounted to 
0.37 X 10® ml./cell/hour. 

WTiile some concern may be expressed over the 
fact that the curve does not meet the origin, a 
fact which may be due to the lack of control of the 
pH of the cultures (8) and other factors, there can 
be little doubt concerning the utility of Eq. 2 



TIME IN HOURS 

Fig. 2, — The results given in Fig, 1 are plotted 
according to Eq. 2, with the first member of the 
equation as ordinate atrd the time in hours as the 
abscissa. 
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Table II — The Values for hi Calculated by 
Use of the First Member of Eq 2 from the 
Data Presented in Fig 1 


Cell 

Conen 

13 

24 

hi X I0« 
37 

49 

Cl 

Type 

Urethane 

hr 

hr 

hr 

hr 

hr 

Normal 

0 0 

7 4 

12 8 

17 3 

20 2 

24 9 

Normal 

0 07 

6 7 

11 7 

16 3 

19 3 

25 2 

Normal 

0 08 

6 8 

12 9 

17 7 

21 1 

25 7 

Normal 

0 09 

6 3 

11 9 

17 1 

20 8 

25 2 

Trained 

0 0 

9 0 

13 3 

17 5 

20 4 

24 4 

Trained 

0 07 

7 5 

13 3 

18 1 

20 4 

27 3 

Trained 

0 08 

7 4 

13 0 

16 8 

20 2 

24 5 

Trained 

0 09 

7 9 

13 6 

18 7 

21 9 

27 0 


in describing the growth of the cells, both in the 
presence and in the absence of drug. 

In considering the possible biological significance 
(2, 3, 4) of second-order kinetics, it may be assumed 
that the late of cell multiplication is proportional 
both to the cell population and to some limiting 
factor. According to Browning, el at. (5), the 
necessar}’ relation can be set forth as follows: 

= k,PtF, (Eq. 3) 

where Fi is the concentration of the limiter.' 

While no attempt will be made to consider more 
precisely the nature of Fi at this time, there is 
little doubt that this factor is related to the rate of 
oxygen consumption, which in our studies has been 
limited either by the supply of o.xygen (9, 10, 11) 
or by the effect of the drug (1). With the aid of 
even such a sketchy knowledge of Ft, it becomes 
possible to explain several aspects of the data pre- 
sented in Fig. 1. 

Consider first the cuive for the rates of division 
for both the normal and the trained cells in the 
absence of drug (Fig. 1). During the first four 
generations of growth, the rate of solution of oxy- 
gen, which is limited by the surface of the culture 
medium exposed to the atmosphere, e.xceeds the 
rate of consumption of oxygen, which in turn is 
determined by the concurrent cell population 
Under these conditions hF, = ki (drug-free value) 
and since the medium is saturated with oxygen, 
the magnitude of Ft is maximal and constant, and 
growth proceeds e.xponentially (first order) at a 
maximum rate When, in our studies, the cell 
population exceeds about 20,000-25,000 cells/ml, 
(between the fourth and fifth generation), the de- 
mand for oxygen exceeds its rate of supply and 
both the rate of respiration and the value of its 
closely related parameter Ft fall. Under these 
conditions, second-order growth sets in and con- 
tinues until the maximum population is reached 

The situation is very little different with the 
drug-depressed growths. During the early phase 
of growth in the presence of drug, hFt = h (charac- 
teristic for each drug concentration) as in the case 
of drug-free giowth, but with the difference that 
although constant, the value for Ft is not maximal 
Indeed, the value for Ft is inversely related to the 
concentration of the drug due to the respiratory 
depressing effect of the drug (1) The drug-de- 
pendent values of Ft give lise to the values of ki 

* In the denvation of Eq 2, Pi is equated to Px Pt In a 
sense, it is a measure of the unborn population since at / = 
a, Ft = oandPr = Px. 


characteristic for each drug concentration. Second- 
order growth sets in, as in the drug-free situation, 
when the demand for oxygen exceeds the rate of 
its supply. 

According to these views, the linear portion of 
the curves for the drug-depressed growths should 
extend to higher population values the greater the 
concentration of drug, since each increa.,e in con- 
centration would permit a larger population of 
cells to be associated with a given level of total 
lespiration. Unfortunately, our cell count data 
were not taken at sufficiently close intervals, dol- 
ing the critical period, to furnish evidence either 
against or in support of such a proposition. How- 
ever, it was observed, as might well be expected, 
that the linear portion of the curve in the drug- 
free sj'stem was extended iv'ith increase in the sur- 
face to volume ratio of the culture. 

The indication that the same growth-limiting 
factor is affected both by oxygen want and the 
action of urethane is strongly supported by the 
fact that growth under both conditions is described 
by the same equation and characterized by the 
same second-order reproduction constant. In ac- 
cepting such a statement, it should be kept in 
mind that the primary site of action of the drug 
need not be on electron transport. A primarj' 
inhibition of some growth-essential endergonic 
process would have the same effect. 

Although exponential growth accounted for 
less than 10% of the total increase in cell popula- 
tion, the first-order growth constant appears to 
have furnished a valid index of the quantitative 
effects of the diug. As is shown in Table I, the 
maximum populations attained (Pi) decreased 
progressively as the concentration of drug increased. 
The variation in P, for both types of cells is similar 
to the variation in ^i. Indeed, the listed values 
for Pi/ki in Table I are nearly constants. The 
constancy of this relationship indicates that Pi and 
Ft are equally good measures of the quantitative 
effect of urethane. Poole and Hinshelwood (12) 
observed a similar parallel variation in the mean 
generation time (0.693/^i) and the maximum 
population caused by growth-depressing agents. 
The explanation offered by them may well hold 
for the action of urethane. 

One further point might be made; although the 
data are limited, the plots for either kt or Pi versus 
concentration aie linear. This is in conformity 
w'ith what is frequently observed for narcotic 
drugs (13). 

SUMMARY 

1. A kinetic analysis of the effect of urethane 
on the rate of cell division of Telrahymena pyri- 
forntis shows that both the drug-free and the 
drug-inhibited growth are best described by a 
second-order autocatalytic rate law. 

2. The idea is advanced that both urethane 
and oxygen-want influence the concentration of a 
rate-limiting factor necessary for growth. 

3. Both the first-order reproduction constant 
{k{) and the magnitude of the maximum popula- 
tion (Pi) are valid measures of the quantitative 
effects of urethane. 
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A Note on the Synthesis and Pharmacological Activities of a 
Vinylog of Nikethamide and Some Related Substances* 

By HUGH BURFORDf, ALTA R. GAULT, S. T. COKERJ, and W. LEWIS NOBLES 


T he relationship of physical and chemical 
properties of a compound and its vinylogs is well 
known (1); interest has been manifest by others (2) 
in attempting to relate the pharmacological actions 
of a chemical substance and its vinylogs Pre- 
viously, Me (3) have reported on such studies in the 
areas of antitubercular agents, analgesics, antispas- 
raodics, general antibacterial agents, and th>ro\ine 
analogs. 

The present study ivas designed in an effort to ex- 
tend our previous work with vinylogous compounds 
to vinylogs of nicotinic acid and its diethylamide 
With respect to the pharmacological action of 
pyridyl-3-acryIic acid, a vinylog of nicotinic acid, 
both m vitro antibacterial screening and an anti-in- 
flammatory test using the granuloma pouch method 
were conducted ivith this compound No activity' 
was demonstrated in either test; the LDm of this 
substance intraperitoneally in mice uas determined 
to be 1,900 mg /Kg ' 

In a preliminary' study' in our laboratory, the ef- 
fect of this viny'log of nikethamide was determined 
by' intravenous injection into rats and rabbits With 
the rats, a closed respiratory sy'stem was used; on 
rabbits, an open sy'stem was utilized. In both cases, 
nikethamide was used as the control standard The 
vinylog was found to mimic the action of niketh- 
amide on a qualitative scale; the respiratory' rate 
was increased in both types of animals to approxi- 
mately the same degree with equivalent doses of 
each drug. 

The results of additional tests with this vinylog arc 
summarized as follows*: (a) CNS: the compound 
appears to have slight sedative and muscle relaxant 
properties; no significant behavorial changes in cats 
with an oral dose of 32 mg /Kg. were noted (6) 
Pharmacody'namic: the profile of this compound in 
this test indicated it to be a weak ganglionic block- 


Reccu ed July 3. 1959, from the Unit crsity of Mississippi, 
School ol Rharmacy, Unitersity 

Abstracted, in part, from a thesis submitted to the Gradu- 
ate School of the Unitersity of hlississippi by Hugh Burford 
in August, lO'ih. in partial fulfillment of the requirements 
for the At S degree 

T White Laboratories Research rellow, 1955-1950 
J jescnt address School of Afediciue, Unitersity of Kansas 
Medical School, Kansas Cit\ 

I Present address School of Pbarmac> , Alabama Pol>- 
cchnic Institute Auburn 

' Pharmacological results are inade possible through the 
coiirtcs> of Dr George Kaimart, White Laboratories, lac 
and Dr R M Tnj lor, Schering Corp 


ing agent (c) Antiserotonin: in this test, the com- 
pound has x'ery' little activity' 

EXPERIMENTAL 

Pyridyl-3-acrylic Acid Diethylamide Hydro- 
chloride. — Pyridy'l-3-acrylic acid W'as prepared in 
74% y'ield according to the method of Panizzon (4) 
This acid was converted to the corresponding 
acid chloride by heating it at reflux temperature w ith 
excess thionyl cnloride. The crude acid chloride 
W'as allowed to react with diethy'lamine on a 1.2 
molar basis by placing 10 Gm (0 06 mole) of the 
acid chloride in 250 ml of dry benzene in a three- 
neck flask equipped witli a rapid stirrer, reflux con- 
denser, and dropping funnel Seven and six-tenths 
grams (0 12 mole) of dietliylamine in dry benzene 
was added dropwise to the mixture After the addi- 
tion of diethylaraine, the contents of the flask were 
brought to reflux for fifteen minutes and the solution 
filtered w hile hot to remove the diethy'lamine hy'dro- 
chloride Tlie filtrate was shaken with a 30% solu- 
tion of sodium hydroxide The benzene lay'er was 
removed and dried over anhy'drous sodium car- 
bonate Benzene was removed from the extract and 
the residue distilled The product distilled in tlie 
range of 155-158° at 0 2 mm (Panizzon (4) reports 
145° at 0 1 mm ) Anhy'drous hy'drogen chloride 
was bubbled through a solution of this material dis- 
solved in dry benzene to precipitate the hydrochlo- 
ride of the desired compound Approximately' 12 
Gm (62%) of the product, m p 228-230°, was ob- 
tained 

Ana/— Calcd for CisHieN.O HCl : C, 59 87; H, 
7.12 Found: C, 59 53; H, 7 31. 
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A Note on the Occurrence of Gramine in Acer rtihrum L.* 

BY IRWIN J. PACHTER 


I N A PREVIOUS communication (1) it was reported 
that the alkaloid gramine occurs in tlie leaves of 
the silver maple tree, Acer saccharinnm L. Since 
alkaloids had not been reported previously in plants 
of the maple family, it was of interest to us to check 
other maples for alkaloid content. 

Tests on the leaves and stems of Acer rubrttm L,d 
showed the presence of traces of alkaloids. The 
winged fruit' gave a stronger test and was there- 
fore subjected to analysis. 

From 120 Gm. of dried ground fruit there rvas iso- 
lated 37 mg. of a crystalline alkaloid, m. p. 130-131°. 
The alkaloid was found to be identical with a S 3 m- 
thetic specimen of gramine through mi.ved melting 
point determination and comparisons of infrared and 
ultraviolet spectra. The picrate derivatives of the 
natural and synthetic specimens were prepared and 
found to be identical. 

EXPERIMENTAL 

A 120-Gm. sample of dried fruit of Acer rtibrum 
L. was finely ground in a Waring Blendor and al- 
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* The samaras were collected in February and the leaves 
and stems in April in the Tallaliassce, Florida, area by Pro- 
fessor R. K. Godfrey- of the Florida State University. Her- 
barium specimens. Nos, fiS,200 and 58,323, have been de- 
posited at the herbarium of the Florida State University. 


lowed to stand under hexane for one day. The hex- 
ane solution was removed by filtration. It gave a 
negative test for alkaloids and was discarded. The 
marc was then stirred under reflux with 95% ethanol 
for three hours and filtered. Extraction with eth- 
anol tvas repeated five times. The alcoholic solu- 
tions were combined and evaporated to dryness. 
The residue was dissolved by shaking with 200 ml. of 
ethyl acetate and 200 ml. of 2% aqueous ammonia. 
Twenty grams of sodium chloride was added to has- 
ten separation of the organic and aqueous phases. 
The ethyl acetate layer was shaken with three 
100-ml. portions of 2% hydrochloric acid. The acid 
solutions were combined, made strongly basic with 
concentrated ammonia, and extracted with three 
100-ml. portions of ether. The ethereal solutions 
were combined, dried over magnesium sulfate, and 
evaporated to drj'ness. The residue crystallized. 
It was recrystallized from benzene to yield 37 mg. of 
crystalline gramine, m. p. 130-131°. Upon admix- 
ture with an authentic sample of gramine, m. p. 
131-132°, there was no depression of melting point. 

The alkaloid formed a picrate, m. p. 140-141°, 
which did not depress the melting point of authentic 
gramine picrate. 
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Book Notices 


Symposium on Nuclear Sex. Edited by D. Robert- 
son Smith and William M. Davidson. Inter- 
science Publishers, Inc., 250 Fifth Ave., New York 
1, N. Y., 1958 xvii -f- 188 pp, 14 x 21.5 cm. 
Price .$3.50. 

The papers and discussions at the sj'mposium are 
introduced with a reference to the classical paper 
of Polani, Hunter, and Lennox which sliowed that 
some women with what was then called ovarian 
agenesis seemed to be genetic males. The papers 
are grouped under the headings: Cj'tological and 
genetic aspects of nuclear sex. Application to the 
study of intersex and related states, and Application 
to the study of tumors. 

Clinical Evaluation of New Drugs. Edited by S. O. 
Waife and Alvin P. Shapiro. Paul B. Hoeber, 
Inc., Medical Book Dept, of Harper & Brothers. 
49 East 33rd St„ New York 16, N, Y., 1959. x -|- 
223 pp. 15.5 X 23.5 cm. Price $7.50. 

The methods and standards bj^ which new thera- 
peutic agents can be evaluated are presented. Each 
of the 14 chapters in the book has been written by an 
author experienced in the area covered. The steps 
leading from the inception of a drug to its applica- 
tion are adequately discussed, and criteria are pre- 
sented by which the medical practitioner can judge 
critically how thoroughly a new agent has been 
investigated. The ethics of human experimenta- 
tion, placebos, evaluation of subjective responses. 


statistical problems, and funds for research are some 
of the subjects that have been covered. On clinical 
trials in practice, chapters are devoted to infectious 
and gastrointestinal diseases and to nutritional and 
metabolic, cardiovascular, and psjxhiatric disorders. 
This book should be of special importance to all who 
have an interest in new drugs. 

Mechanisms of Hypersensitivity. Henry Ford Hos- 
pital International Symposium. Edited by Jo- 
seph H. Shaffer, Gerald A. LoGrippo, and 
Merrill W. Chase. Little, Brown and Co., 
34 Beacon St., Boston 6, Mass., 1959. xx -k 754 
pp. Price ,$18.50. 

Sixtj^-five specialists working in the fields of 
allerg}', dermatolog}', immunology, and allied 
sciences have contributed to this book. Their 
latest findings on immunologic processes as they 
pertain to problems of hypersensitivity are pre- 
sented. The individual topics cover and integrate 
a large number of subjects, such as factors that con- 
dition the individual to undergo sensitization, the 
diverse types of antibodies, the apparent molecular 
heterogeneity within the recognized types and newer 
methods of detecting them, new aspects of the 
physiological control of histamine in allergy, and 
evidence for a role of serotonin. Many other topics 
related to the mechanisms' of hypersensitivity are 
discussed, and the book should serve adequately as a 
standard reference on the subject. 
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Table I. — Structures of Urazole Derivatives 



Vol. XLVni, No. 12 


W W W K 






pi S' u 

J ' K X K/ X 

\/ u u o— u 


ICi CO CO 

O O 00 


W U U O 


5 fYY 




X 

W 

X 

W 

o 

u 

U 

O 

X 

X 

X 

X 

o 

u 

u 

u 

o 

to 

00 

lO 

o 

o 



December 1959 


Scientific Edition 


673 



hours, respectively. Similar tests for trimetha- 
dione,- pheuobarbital, and diphenylhydantoiu’ were 
determined at one and one-half hours, two hours, and 
three hours, respectively. These time intervals rep- 
resent the appro-ximate time of peak effectiveness for 
each drug, as determined in our laboratories utilizing 
the M. E. S. technique. The time of peak effect for 
the standard anticonvulsants is in agreement witli 
that reported by Swinvard, et al. (7), and Chen, ct a! 
( 8 ). 

The EDjo in the Metrazol seizure tltresliold test 
(Met.) of Swinyard (7), was also determined for the 
above compounds. In this test, Metrazol, S5 
rag./Kg. was injected subcutaneously; the end point 
was the abolition of clonic spasms. In the Met. test , 
the Metrazol was injected subcutaneously ten min- 
utes prior to the time of peak effect and the mice 
were observed for a period of thirty minutes. 

The computations for fitting rte probit-Iog dose 
regression line, the determination of the TDso, 
EDso, protective index (P.I.), and the 95% confi- 
dence interval were done according to the methods 
described by Finney (9). In determining the EDm 
at least three dose levels, yielding between 10 and 
90% effect were used. At least 10 mice were utilized 
in determining each point. 

The time of peak anticonvulsant effect and dura- 
tion of action of one compound (UR 104) was deter- 
mined by the M. M. S. test. A dose of 100 mg./Kg. 
was administered to five groups of 10 animals. The 
respective groups of mice were then injected with 
Metrazol at thirty, sixty, ninety, one hundred and 
twenty, and one hundred and eighty minutes. 

The sleeping time produced by two compounds 
(UR 75 and 96) was compared with hexobarbital 
Sleeping time was recorded as the time interval in 
which the righting reflex of the mice was absent 
The effect of five compounds (UR 73, 83, 107, 108, 
and 109) upon the sleeping time of he.xobarbital was 
also determined. The convulsant compounds were 
administered orally, two minutes prior to the i p 
injection of he.xobarbital. The 95% confidence in- 
tervals were calculated according to the method de- 
scribed by Snedecor (10). 

RESULTS 

The structures of the urazole derivatives studied 
are detailed in Table I. UR Nos. 109, 73, 83, 10 ^ , 
and 108, which were convulsants, produced death in 
50% or more of the mice at 1 Gra./Kg. Less than 
50% of the mice were killed at 1 Gm./Kg. with the 
following compounds: UR Nos. 62, 93, 94, 111, 59, 
58, and 88. The remaining compounds were rela- 
tively nontoxic at 1 Gm./Kg. (i. e., no mice were 
killed). The predominant neurotoxic effect was 
ataxia. 

The anticonvulsant activities are detailed in 
Table II. Data for phenobarbital, diphenylhydan- 
toin, and trimethadione have been reported pre- 
viously (1) and are in general agreement with those 
of Swinyard, et al. (7), Goodman, el al. (5), and 
Chen, ct al. (8). As with the previously studied 
materials (1), the present urazole compounds possess 
relatively good anti-M. M. S. activity, and they are 

* The trimethadione wa.s kindly supplied through ll: 
courtesy of Dr. R. K. Richards, Abbott Laboratories, 

*The diphcnylhj'dantoin was kindly supplied through tl 
courtesy of Dr. Graham Chen, Parke, Davis and Co. 
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ineffective in the M. E. S test in non-neurotoxic 
doses. 

Neurotoxicity tests indicated that all active mem- 
bers of this series were rapidly absorbed from the in- 
testinal tract and with the exception of UR Nos 103, 
104, and 110, had a relatively short duration of ac- 
tion All of the urazole derivatives reported pre- 
viously (1) appeared to have a short duration of ac- 
tion Time duration studies on UR 104, 100 
mg /Kg (Fig. 1), indicate that this compound has a 
peak effect ninety minutes after oral administra- 
tion Some anticonvulsant activity is still present 
three hours after administration A similar study of 
UR 110 revealed a peak effect at thirt 3 ’ minutes 

The TDso and the ED„o’s in the M M. S , Met , 
and M E S tests for two of the more active mem- 
bers of the series (UR 104 and UR 110) were deter- 
mined A comparison of these data with those of 
trimethadione, phenobarbital, and diphenylhydan- 
tom are presented in Table III From the data pre- 
sented. it would appear that UR 104 and UR 110 are 
relatively specific antagonists of Metrazol. 



TIME IN MINUTES 

Fig 1 — Duration of action of UR 104, 100 mg /Kg 


Table II — Anticonvulsant Activity of Urazoles" 


UR 






UR 





No 

Test 

1,000 

300 

100 

30 

No 

1 000 

300 

100 

30 

111 

NT" 

15/20 





20/20 

20/20 

5/20 

0/10 


MES* 

0/10 




96 

10/10 

10/10 

0/10 



MMS^ 

0/10 





10/10 

9/9 

6/10 

2/9 

80 

NT 

20/20 

20/20 

0/10 



20/20 

5/20 

0/10 



MES 

10/10 

1/10 



92 

7/9 

0/9 




MMS 

8/8 

10/10 

2/8 



9/9 

8/9 

0/10 


81 

NT 

16/16 

9/20 




0/20 





MES 

4/8 

1/10 



85 

0/8 





MMS 

8/8 

3/9 




8/8 

5/10 

1/10 


90 

NT 

20/20 

10/10 

0/10 



20/20 

11/20 

0/10 



MES 

3/9 




88 

5/8 

2/10 




MMS 

9/9 

7/7 

4/10 



8/8 

7/9 

6/10 

2/10 

91 

NT 

20/20 

0/10 

0/10 



12/20 

4/10 

2/10 



MES 

8/8 

0 10 



66 

8/9 

0/10 




MMS 

7/7 

9/10 

1/10 



5/6 

5/8 

4/10 


89 

NT 

0/20 





0/20 





MES 

0/9 




70 

0/10 





MMS 

3/9 





7/10 

0/9 



110 

NT 

6/10 

1/20 

0/10 



6/20 





MES 

0/10 




72 

0/10 





MMS 

10/10 

8/10 

6/10 

2/10 


8/9 

1/10 



59 

NT 

20/20 

0/20 




20/20 

7/18 

0/10 



MES 

9/9 

0/10 



71 

6/10 

0/8 




MMS 

8/8 

4/9 




9/10 

4/8 

0/10 


58 

NT 

20/20 

0/10 




1/20 

0/10 




MES 

1/10 




67 

3/9 





MMS 

5/10 

1/10 




7/8 

3/10 



60 

NT 

20/20 

0/10 




8/20 

2/10 




MES 

3/10 




65 

0/10 





MMS 

7/7 

1/8 




9/9 

3/8 



61 

NT 

11/17 

0/10 




20/20 

1/10 

0/10 



MES 

1/10 




78 

0/10 





MMS 

5/7 

2/9 




9/9 

8/9 

5/10 

1/10 

62 

NT 

20/20 

7/20 




20/20 

0/10 

0/10 



MES 

10/10 

4/10 



103 

2/10 





MMS 

9/9 

4/9 




10/10 

9/10 

2/10 


93 

NT 

20/20 

17/20 

0/10 



20/20 

10/10 

0/10 



MES 

8/9 

3/10 



104 

2/10 





MMS 

10/10 

9/9 

4/9 



10/10 

10/10 

8/10 

2 /io 

75 

NT 

19/19 

10/10 

0/10 








MES 

8/8 

2/10 









MMS 

8/8 

10/10 

7/10 

1/7 







a UR Nos 100, 105, 54, and 77 inacti\e at 1 Gm /Kg 
6 UR Nos 109, 73 83 107, and 108 are con\ulsant (see text) 

c UR Nos 57, 64, 50. 79, 75, 96, 69 63, 94, 101, and 102 stimulate, then depress at 1 Gm /Kg (see text), 
d NT = Neurotoxicity (see text) 

< MES = Supramaximal electroshock seizure technique (see text) 

/MMS = Maximal Metrazol seizure test (see text) 
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Table III.— Toxicity, Anti-M. M. S. Potency, Anti-Met. Potenxy and Anti-M. E. S Poten-cy for 
UR 104, 110, Trimethadione, Phenobarbital, and Diphe.vixhvdantoin'’ 


Drue 

Time, i> 
Min, 

Neurotoxicity, 
TDm, mp./Kg'. 

M. M. S. 
Potency, 
ED», tng./ICg. 

Met. 

Potency, 

BDsj, 

M. E S. 
Potency. 

EDm, mg./Kg 

UR 104 

90 

204 

55 

88 

820 

UR 110 

30 

(55-684) 

875 

(35-75) 

80 

(46-131) 

273 

(638-989) 

>1000 

Trimethadione 

90 

(702-1099) 

975 

(30-130) 

236 

(169-422) 

421 

1082 

Phenobarbital sodium 

120 

(760-1390) 

60 

(196-281) 

9 

(275-556) 

27 

(923-1262) 

21 

Diphenylhydantoin sodium 

180 

(47-77) 

100 

(6-12) 

11 

(17-36) 
Ineffective in 

(17-25) 

14 



(9-12) 

doses up to 
100 mg, /Kg. 

(11-17) 


a Values in parentheses represent the 95% confidence interi'al. 
i Time elapsed after administration of druE before Aletraeol was injected. 


Compounds No. 73, S3, 107. 108, and 109 pro- 
duced convulsions at 1 Gm./Kg. With the e-v- 
ception of UR 109, the convulsions tvere primarily 
clonic in nature. Tonic flexion was the most pro- 
nounced effect produced by UR 109. All of the 
compounds produced convulsions within ten min- 
utes. UR Nos. 73. 83. 107. and 108, at 1 Gm./Kg. 
produced death in all of the animals within one hour 
after administration. At 300 mg./Kg., UR 73 and 
UR 83 produced periodic mild clonus which lasted 
for approximately one and one-half hours. Mice re- 
ceiving these two compounds in a dose of 100 
mg./Kg. appeared hyperactive. UR 107, 300 
mg./Kg. produced death in three out of ten animals, 
mild stimulation was noted from 100 mg./Kg. UR 
108. 300 mg./Kg. produced death in all animals. At 
100 mg./Kg., hyperactivity was noted. UR 109, 

1 Gm./Kg., produced death in four out of 10 animals 
within one and one-half hours after administration. 
No effect was seen from this compound at 300 
mg./Kg. The effect of these compounds on the 
sleeping time of mice receiving 150 mg./Kg. of hexo- 
barbital administered i. p. is detailed in Table IV. 
UR 107, 100 mg./Kg., appeared to prolong the sleep- 
ing time of mice receiving hexobarbital. The other 
compounds, in the dose studied, had no apparent 
effect. 

Compounds No. 57. 64, 56, 70, 75, 69, 63, 94, 101, 
and 102, 1 Gm./Kg., caused initial stimulation 
which was followed by depression. However, only 
UR 75 and UR 96 induced a loss of righting reflex 
at 400 mg./Kg. Table V shows the mean sleeping 
time of UR 75, and UR 96, 400 mg./Kg., as com- 
pared to a similar dose of hexobarbital. 

All compounds (except UR 100 and UR 105) were 
tested at a dose of 1 Gm./Kg. for their ability to pro- 
tect against death produced by i. p. injection of 2.5 


Table IV.— Effect of UR 73, UR 83, UR 107, UR 
108, AND UR 109 Upon the Mean Sleeping Time 
OF Hexobarbital, 150 mg./Ko. I. P. in the Mouse 


Hexobarbital. 

Mean 

Sleeping 

Time, 

95% 

Confidence 

EW mg./Kg. i. p. With* 

Min. 

Interval 

Nothing 

51 

30-65 

UR 73 100 mg./Kg. (oral) 

63 

46-80 

UR S3 100 mg./Kg. (oral) 

71 

54-88 

UR 107 100 mg./Kg. (oral) 

138 

77-200 

UR 108 100 mg./Kg. (oral) 

S3 

56-136 

UR 109 500 mg./Kg. (oral) 

68 

55-81 


mg./Kg. of strychnine. Only UR Nos. SO, 81, 90, 
and 89 provided significant protection. The ac- 
tivity of these compounds in comparison with 250 
mg /Kg. of Zoxazolaraine* and 500 mg./Kg. of me- 
phenesin is detailed in Table VI. It would appear 
that UR 80 and UR 81, 250 mg./Kg., are compara- 
ble to Zoxazolamine. 


Table V. — Mean Sleeping Time of UR 75, UR 
96, AND Hexobarbital, 400 mg./Kg., Orally 



Mean 

Sleeping 

95% 


Time, 

Confidence 

Drug 

Min. 

Interval 

UR 75 

19 

1-36 

UR 96 

22 

3-40 

He.xobarbital 

41 

33-48 


Table VI. — Ability to Prevent Death from 1. P 
Injection of 2.5 mg./Kg. of Strychnine 


Drug 

Oral Dose 

Time,® 

Mia. 

No. of 
Animals 
Surviving/ 
No. of 
Animals 
Tested 

UR 80 

250 mg./Kg. 

30 

4/10 

UR 81 

250 mg./Kg. 

30 

6/10 

UR 90 

1 Gm./Kg. 

30 

3/10 

UR 89 

1 Gm./Kg. 

30 

6/10 

Zoxazolamine 

250 rag./Kg. 

60 

4/10 

Mephenesin 

500 mg./Kg. 

5 

3/10 


» Time elapsed after administration of drug before strj'ch- 
nine was injected. 


DISCUSSION 

In our previous report (1), factors validating a 
discussion of the structure-activity relationship of 
the urazole derivatives were enumerated and the fol- 
lowing observations were made: (o) at least one 
phenyl group on the adjacent nitrogen atom (R, or 
R;, Table I) is essential for anticonvulsant activity; 
(6) if Rj or R; is phenyl, all other substituents except 
hydrogen on the adjacent nitrogen can confer anti- 
convulsant activity; and (c) the Rs substituent 
must be small or relatively polar for maximal anti- 
convulsant activity. 

The results obtained in the present series indicate 
that while a phenyl group on one of the adjacent rv- 

• The Zoxazolamine was kindly supplied through 
courtesy of Dr. Charles F. Kadc, Jr., McNeil Laboratoric 
Inc, 
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txogen atoms is sufficient for anticonvulsant activity, 
it IS not necessary, since UR 110 (1,2-diethyl urazole) 
was one of the more active compounds in this series. 
This was the only compound, however, which pos- 
sessed anticonvulsant activity and did not contain a 
phenyl group on one of the adjacent nitrogen atoms 
In this series, when Ri or Rj is phenyl, most of the 
groups except hydrogen do confer anticonvulsant ac- 
tivity (compare UR 81, 60, 61, 93, 57, 64, 56. 79, 75, 
96, 69, 63, 94, 92, 66, 72, 71, 67, 65, 101, 102, 78. 103, 
and 104, with UR 100, 109, 111, and 105) However 
five compounds (UR 73, 83, 107, 108, and 77) did 
not possess anticonvulsant activity All of these 
compounds, except UR 77 (which was inactive at 1 
Gin /Kg ) W'ere convulsants 

Although the number of comparisons in this series 
IS limited, the results would seem to substantiate the 
conclusion that the Rj substituent must be small or 
relatively polar for maximal anticonvulsant activity 
(compare UR Nos 59 and 58, UR 62 and 61) 

UR Nos. 92, 85, 88, 66, 70, and 72 are derivatives 
of one of the more active anticonvulsant urazole com- 
pounds reported previously (UR 20, l-phenyl-2- 
cyclohexyl urazole) (1) Compounds No 92, 85, 
70, and 72 are less active than UR 20 UR 88 and 
UR 66 are approximately equal to UR 20 in anticon- 
vulsant activity However, UR 88 appears to be 
more neurotoxic than UR 20. 


UR Nos 80, 81, 90, 91, and 89 are derivatives of 
the only compound (UR 8, 1 phenyl-2-methyl ura- 
zole) reported previously (1) which possessed signifi- 
cant antistrychnine activity These compounds 
were the only members of this series which possessed 
antistrychnine activity. UR 80 and UR 81 are 
more active than UR 8, while UR 90 and UR 89 are 
approximately equal in activity to UR 8 UR 91, 1 
Gm /Kg., was devoid of antistrychnine activity 

In this series, as in the urazole derivatives reported 
previously, a variety of actions was noted. The an- 
ti-Metrazol activity, however, appears to be one of 
the more striking properties of the urazoles. 
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The Physical Chemical Evidence for Aspirin 
Anhydride as a Superior Form for the 
Oral Administration of Aspirin* 

By EDWARD R. GARRETT 

Physical chemical and kinetic investigations show that aspirin anhydride is a source 
of aspirin and that it should not produce digestive upset because of salicylic acid 
production or undissolved aspirin that may adhere to the gastric mucosa and irritate. 
On oral ingestion, aspirin anhydride should give higher acetylsalicylate blood levels 
than aspirin alone due to the latter’s pH-dependent intestinal absorption. Complete 
equations are presented for aspirin anhydride’s homogeneous and heterogeneous 
hydrolysis and solubility and the specific equations for physiological conditions have 
been derived. Procedures have been developed for the assay of aspirin anhydride 
and all probable derivatives. 


' I ’he mechanism of the analgetic action of 
acetylsalicylic acid, aspirin, has been subject 
to much discussion The possible side effects are 
of ividespread interest Without introducing an 
excessive review or critique of the literature, 
several rational opinions based on experimental 
evidence may be stated 

The onset and duration of aspirin concentration 
in the blood can be correlated with analgetic re- 
lief and this action may be expressed mainly by 

* Received May 21, 1959, from The Research Division, 
The Upjohn Co , Kalamazoo Mich 

The author is greatly indebted to Mrs Lillian G Snyder 
for excellent technical assistance 

Presented to the Scientific Section, A Pn A , Cincinnati 
meeting, August 1959 


the unhydrolyzed acetylated fraction in the 
plasma (1,2) Aspirin can cause gastric irrita- 
tion, nausea, and even gastrointestinal bleeding 
in a considerable number of people (3-6). Dis- 
turbances from acetylsalicylic acid are reported 
to be less serious than from salicylic acid (7), and 
annoyances of the former have been ascribed to 
the immediate area surrounding particles (4). 
Here, irritation could be ascribed to the acid 
function. There is evidence that soluble material 
is less irritating (6). 

It rationally follows that if a form of “aspirin” 
could produce equivalent aspirin blood levels and 
less salicylic acid than acetylsalicylic acid, the 
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net resuit could be less gastric irritation without 
lessened analgetic acitivity Further, if this 
"aspinn” were nonacidic and produced higher 
aspirin blood levels, it might even be found to be 
superior to acet 3 dsalic)dic add as the optimum 
form for administration of this drug 
This paper presents and considers the physico- 
chemical and kinetic investigations on aspirin 
anhydride ivhich permit consideration of it as a 
superior “aspirin ” 

EXPERIMENTAL 

When tlie aspirin or salicj he acid impurities of 
aspinn anhj dndc { AA) w ere to be determined quan 
titatively simultaneouslj with the rate stud> for 
the determination of Us heterogeneous h>drohsis, 
100 rag AA were accurately weighed into a 15 X 
45 mm glass vial (Kimble Opticlear) with a press 
fit polyethylene cap Four milliliters ot 0 1000 N 
HCl were pipetted into the via! The HCI had 
been previously maintained at the temperature of 
the study The vials were strapped horizontally 
on a bar suspended vertically into a constant tem- 
perature bath The upper portion of the bar vvas 
clamped on the horizontal arm of a Burrell wnst- 
action shaker, the lower end of the bath was free 
The net action of the vials was elliptical and gave 
excellent agitation of the dispersed AA in the liquid 
Quantitative weighing of AA was not necessary 
when onij solubility or heterogeneous rate were to 
be determined 

The A\ was filtered from the solution by a sin- 
tered glass filter (medium) 

In run 1 (see Table I and Fig 1) botli filtrate and 
residue were assaj'ed spectrophotometncally for 
AA content b) the following procedure Two ml 
of filtrate, or 3 5 mg residue, were made up to 25 
ml with dioxane, i e , solution A To 10 ml of 
solution A were added 10 ml 0 250 M HCl and the 
final volume, B, was made up to 25 ml w Uh dioxane 
Also, to 10 ml of solution A were added 10 ml 
0 100 M sodium acetate and the final v'olume, 3', 
was made up to 25 ml with diovane Spectra of 
both solutions, B and B', were run immediatel} on 
the Cary spectrophotometer against the appropriate 
blanks Tjpical Cary model 11 curves for aspirin 
anhvdnde, sahcjlic acid, and aspirin are given in 
Fig 2 

No significant change was observed m the spectra 



Fig 1 — Effect of time of heterogeneous hj drolj sis 
on the concentrations of aspirin anhj dnde and its 
In drolj tic derivatives The aspinn anhv dnde, 100 
mg , vvas equilibrated m 4 ml 0 1 HCl at 25 8“ 
Curve A represents the molar concentration of 
aspinn and curv’e B that of salicylic acid m solution 
Curve C is the % aspirin anhj dnde in the undis- 
solv’ed portion 



Fig 2 — Absorptivities of aspinn anhj dnde and 
hydrolytic denvatn es in 60% (by vol ) dioxane 
The solid curv es are spectra in 0 1 HCl The 
dashed curves are spectra in 0 lA'^ sodium acetate 

of aspirin anhj dndc within ten minutes when in 
such solutions 

Since the background absorbance of the aqueous 
dioxane changes with time, especiallj' when in con- 
tact with HCl, the spectrophotometne blanks 
were prepared with the same dioxane at the same 
time of sample preparation The dioxane used was 
distilled on the same daj of use and the initial frac 
tions were discarded The remaining dioxane was 
purged w ith nitrogen and not permitted to stay in 
contact with any aqueous solvent for any great 
interval 


lAtiLcl Estimation or SoLUBiLiTv or Aspirin Amixdride (AAI.at \ arious Temperatures in Aqueous 
Solution (lOO mg in 4 ml 0 1000 JV HCl) 


Kim 

1 

2 

3 

4 

5 


Conipd 

1 

2 

3 

2 

2 


“C 

— — lO*Ar (sec 
In X0% 
Dioxane‘3 

-i) . 

InO% 

IIioxaneA 

Slope 

lO'd] (asp) + 
Mll/d( 
(M/L /sec ) 

25 8 

8 03 

20 0 

1 85 

25 7 

8 02 

20 0 

1 83 

30 3 

9 65 

24 1 

2 50 

40 1 

16 0 

40 0 

8 81 

50 4 

25 4 

63 5 

24 9 


1 ntercept — - 

lO'IaspIo I0<[AA1, 


67 

0 

4 

0 

0 


0 457 
0 463 

0 520 

1 101 
1 961 


IPR 1 W0/r“+ 3 ifi datermmtd as a 

‘ The '‘Tect of per cent dmxaoe on * nt'o'i" is Imexr m the range 0-l0<7. dioxane t e , A »= -0 0136 [per cent dioxane] 4- 
^ y nsxlimed that the effect of dccrcai,ing dioxane content on I was the same for all temperatures so that / 

^to^» dto» A /Tio'; jiolu ^ diot • "licfc the former quotient is 20/8 
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Several three-component assays gave no indica- 
tion of any significant amount of AA m the filtrate 
Thus the aspirin and salicylic acid content of the 
filtrate was calculated from the absorbances. A, 
at 307 5 mfi and 277 5 m/n in the HCl dioxane solu- 
tions of the Cary model 11 usmgfthe^folloning 
equation 

[aspirin] = (Am s - ['al])/4y‘ (Eq 1) 

where e -= S05, = 1,210, and [sal] = 

.4 307 o/eLY where = 3,890 


The aspirin anhydride content fAA) of the residue 
was calculated from the absorbances. A, in the HCl- 
dioxane solutions on the Cary model 14 using the 
following equation 


[AA] 


M-o. - eZ^Ai.oMS'l - 
tS” [Am - 

292 ,270 ,'> 9 '’ ,'»78 


(Eq 2) 


where e™ = 1,200, tZi = 2,700,* ,\7 = 1,898, (Z = 
250 eiA = 1,490, and *7“ = 1,540, where *^aa is the 
equivalent absorptivity = Oo X molar absorptivity 
for aspirin anhydride 

The composition of the filtrate m all other runs 
at 25 7, 30 3, 40 1, and 50 4° was determined on the 
basis of negligible anhj dride content and use of the 
following procedure Two milliliters of filtrate were 
diluted to 25, 50, or 100 ml uith 0 1000 N HCl, 
the amount dependent on the magnitude of the ab- 
sorbance of the dissolved aspirin and salicylic acid 
Readings were taken on the Cary model 11 at 277 5 
and 394 m/i and the amounts of aspirin, [asp], and 
salicjdic acid, [sal], were calculated from the follow- 
ing equations 


[sal] = As,,/,Z (Eq 3) 


where eSi' = 3,524, and 

[asp] = (.4.7,5 - rsal])ALl'' (Eq 4) 
where = 1,025 and ef,7° = 1,128 


RESULTS 

Since aspirin anhj dride in homogeneous aqueous 
solution undergoes pseudo first-order hydrolysis to 
aspirin which may subsequently hydrolyze to 
salicylic acid (8, 9), the hydrolysis of aspirin an 
hj'dride m saturated solution should be apparent 
zero order (10) and 

dlAA]/dl = — i[AA], = constant (Eq 5) 

where d[.4.4]/d/ is m moles of aspirin anhydride 
hydrolyzed to aspirin per liter per second, k is the 
pseudo first order rate constant in homogeneous 
solution (sec and [AA], is the solubility of an- 
hydride m moles per liter. 

Since 

-d[AA]/dt = (V")<i|[asp] -f [sal])/dt (Eq el 

the knowledge of the rate of appearance of aspirin 
and salieylic acid will permit the evaluation of 
k [AA], and knowledge of k will permit estimation of 
the solubility of [AA], m saturated solution It 
follows that the plots of [asp] -[- [sal] vj time at 
a constant temperature and pH should be linear 
Such plots are given m Figs 3 and 4 for the data 



Fig 3 — Effect of aspirin contaminant of aspirin 
anhydride on plot of hj drolytic products as a func- 
tion of time for 100 mg per 4 ml 0 1 HCl 
Curve A is for compound 1 at 25 8°, curve B is for 
compound 2 at 25 7° , and curve C is for com- 
pound 3 at 30 3° (see Table I) 



50 4°, curve B is at 40 1°, curve C is at 30 3°, 
and curve D is at 25 7° 

The slopes so determined along with the i values 
from homogeneous hydrolysis permit estimation of 
the solubility, [AA]„ as given m Table I 

The intercept provides an independent estimate 
of the amount of aspirin contaminant In this re 
gard, this method can serve as an analytical pro 
cedure The compound 1 has 4 8% aspirin, the 
compound 2 has 0 0% aspirin, and the compound 
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3 has 0 3% aspirin if the three, six, and eight hours 
alone are used (see Fig 3) 

The dependence of anhydride solubility on tem- 
perature may be expressed by: 

[AA], = P.C- (Eq. 7) 

uhere A/f, is the heat of solution in Kcal./molc, 
R is the gas constant (1 987 calories degree ' 
mole”') and T is the absolute temperature Simi- 
larly, the dependence of heterogeneous hydrolysis 
rate may be expressed by: 

dlAAl/di = fe[AA), = Pe-^fT/ir 

- p^^-AUa/nT p^^-a"s/KT 

= (Eq. 8) 

where AHo is the heat of activation for the homo- 
geneous hydrolysis of aspirin anhydride in 0 1000 
AtHCl. 

The logarithmic forms of Eqs 7 and 8 are plotted 
in Fig 5 as based on the data of Table I. The re- 
sults are tabulated in Table II. 

Thus, the heat of solution (AH.) for aspirin an- 
hydride is 11 2 Kcal./raole where the apparent heat 
of activation (AHt) for the pseudo-zero order hetero- 
geneous hydrolysis is 20 5 Kcal / mole The heat 
of activation for the homogeneous hydrolysis of 
aspirin anhydride is AIIo = APTr — Ai7, =93 
Kcal /mole 

It has been previously shown in studies on homo- 
geneous hydrolysis that the AHo in 0 1 A'' HCl, 
10% dioxane. was 9 9 Kcal /mole (8). The above 
calculation is confirmatory. 

Table II. — Data on Temperature Dependence 
OF Aspirin Anhx'dride Solubilitx’, [AA], in M/L., 
AND Rate of Anhydride Hydrolysis, —dlAA]/dt 
IN M/L /Sec , in 0.1 N HCl 


Dependent 

Sa 

log P 

AH 

(Kcal / 
mole) 

[AAl. 

2,445 

3 845 

11 2 

d lAA]/dl 

4,475 

7 927 

20 5 

k 

2,030^ 

4 082" 

9 3" 


o Slope of plots m Fjg 4 for loganthmic form of Eqs 7 and 
8. log (dependent \anable) = —iS/r 4- loc P « —iff/ 
2.303fi(VT) 4- log P, 

6 Calculated from the difference of the obo> e two \ alues 

CALCULATIONS 

The equations for the prediction of hydrolysis of 
saturated solutions of aspirin anhydride under any 
conditions of pH, acetate buffer concentration, and 
temperature are given in the pseudo-zero order 
Eqs 5 and 6 where 

k = k, + koir \0H~] + I'adC-H-.Oi-] (Eq. 9) 

Eq 10) 

koB- = 10» wiO-s-*®'!' (Eq 11) 

k'A, - 10' “HO -> (Eq 12) 

[AA], = 10**'n0-= ’«'?• (Eq 13) 

where the k, values are corrected m these equations 
to 0% dioxane as based on the comparison of 0% 
.nnd 10% dioxane values at 25° and the temperature 
dependence of the k, in 107,, dioxane (S) Equations 
10 to 13 are given in the nonlogarithraic form. 



anhydride hydrolysis, — dfAAI/df in ill"/ 1 /sec , in 
0 1 A HCl. Curve A, y = 3 and x = [AA], 
Curve B, y = 5 and x- = -d[AA]/d/ = — Ir[AA], 

k, — 10'°e 10”®'^ of the Arrhenius equation, 

log = log P — 5/r, and T is the absolute tem- 
perature, where all k, are in units of seconds 

The rate of appearance of salicylic acid, [sal], 
is first order on aspirin, [asp], until the solution 
is saturated with aspirin (9, 10): 

d[sal]/(f/ = *„Jasp] (Eq 11) 

where, 

= I:i[Ar+i/(l + K'o/\H+]) + (54177+] + 
kiCii.o + kt[OII~])/{l + [AH/iC'n) (Eq 15) 

ki = (Eq 16) 

kt = 10» “lO-^ fEq 17) 

kiCnto = 10’ “no ’ (Eq 18) 

5e = 10* >no-2 "o'f (Eq 19) 

K'a = 2 4 X 10-“ (Eq 20) 

The appearance of salicylic acid from aspirin 
anhj^dride is the result of a sequence of a zero-order 
and first-order reaction where; 

[asp] -f [sal] = 2kl (Eq 21) 

Until all anhydride has disappeared, the rate of 
accumulation of aspirin is equal to the difference 
m Its rate of formation from anhydride by Eqs 
o and 6 and its decomposition into salicvlic acid by 
Eq 14 so that ' ^ 

d[aspj/<f/ = ~d[AA]/dt - dlsal]/dl (Eq 22) 
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On integration, realizing that [asp] = 0 when 

I = 0 , 

[asp] = 2k{l - (Eq. 23) 

so that on the basis of Eqs. 21 and 23 

[sal] = 2kl - 2k{l ~ (Eq. 24) 

Application of these equations at the physiological 
temperature of 37.5° gives the rate of anhydride 
hydrolysis as a function of pH from Eqs. 5, 9, 10, 
11, and 13; 

d[kh\/dl = [3.51 X 10--’ + 

3,4 X 10’[O/7-])9.38X 10-’ 

= 32.9 X 10-s + 

0.32[O/7-] in il//L./sec. (Eq. 25) 

Below a pH of 6.0, the hydroxyl ion catalj-sis is 
insignificant so that the appearance of salicylic acid 
and aspirin on the basis of Eqs. 6, 21. and 25 would 
be 

[asp] + [sal] = 2.37 X KJ-’i (Eq. 26) 
where I is in hours. 

The rate of salicylic acid appearance from the 
hydrolysis of aspirin at 37.5° may be calculated 
from Eqs 14-20 where: 

ia<p(sec~‘) = 

7.15 X 10-’[/7-"|/(l + 2.4 X \Q-y[H^ ] ) + 
a 

( 3.00 X 10-’[/7-^] + 1.21 X 10-»-f 

T ^ ' 

r^2J_[OH-12/(l + 4,17 X 10’[7/^]) (Eq. 27) 
d 


The items in Eq. 27 have no significant contribution 



Fig. 6. — Comparison of salicjdic acid production 
from saturated solutions of aspirin (curv'es A, A') 
and aspirin anhydride (curves AA, AA') at pH 0.5 
(curves A, AA) and pH 1.0 (curves A', AA.') at 
37.5°. 


under the following pH conditions; a above 3.0, 
h above 4.0, c below 1.0 and above 11.0, and d 
below 8.0. Obviously, item d is of no physiological 
consequence. 

At a pH of 1.0, the probable maximum acidity 
of the stomach, the salicylic acid concentration 
from a saturated solution of aspirin anhydride in 
excess as a function of time can be derived from 
Eq. 24 where I is in hours. 

[sal] = 2.37 X 10“’/- 

0.0834(1 - e-o.o3sn) (2q. 28) 

Salicylic acid ajipearance from a saturated solu- 
tion of aspirin in e.xccss as a function of time at 
37.5° may be derived from the knowledge of the 
values of Eq. 27 and the solubility of aspirin 
at 37.5° where [asp], = 3.16 X 10~’ 

[sal] = fe„p( (Eq. 29) 

where / is in hours and = 8.98 X 10 -• iZ/L./hr. 
at pH 1.0. 

A comparison of salicylic acid production from 
saturated solutions of aspirin and aspirin anhydride 
at pH values of 0.5 and 1.0 over twenty hours is 
given in Fig. 6 as based on Eqs. 28 and 29. Similar 
relationships between salicylic acid concentrations 
from these sources will hold for all pH values. 


DISCUSSION 

Advantages of Anhydride Over Aspirin Relative 
to Gastric Irritation. — The prime disadvantages of 
aspirin therapy, those of digestive upset and gastric 
mucosal irritation, are well known. The literature 
(12) has provided strong evidence that aspirin is a 
gastric mucosal irritant. 

As developed in the introduction, this irritation 
may be due to (a) salicylic acid production, (i) the 
natural acidity of aspirin, or (c) the adhesion of un- 
dissolved acidic aspirin to the gastric mucosa. A 
nonacidic “aspirin” would be ideal in that the 
rational causes of these disadvantageous phenomena 
would not be present. Aspirin anhydride fills the 
bill in that (a) its salicylic acid production under 
the pH conditions of the stomach (13) or the 
intestine is negligible compared to that from aspirin 
(see Fig. 6), (6) aspirin anhydride is nonacidic, and 
(c) aspirin anhydride has to dissolve to give aspirin, 
which when in solution may be almost instantane- 
ously absorbed into the blood (11) so that the ad- 
hesion of irritating aspirin to the gastric mucosa 
cannot readily occur. 

Advantages of Anhydride Over Aspirin Relative 
to Intestinal Absorption and Prolonged Action. — 
Feinblatt and Ferguson (14) have shown that within 
four minutes after the disintegration of a capsule 
in a fasted stomach, the capsule contents are in the 
process of leaving the stomach. Edwards (II) 
has measured the dissolution of aspirin, with agita- 
tion, of the 500-cc. covering liquid and has shown 
that, under these excellent solution-mixing con- 
ditions, only 0.6 of the aspirin in a 5-gr. tablet can 
be dissolved in three minutes at pH values of 1 to 2. 
This clearly indicates that with the less ideal agita- 
tion afforded by the empty or resting stomach, 
even less of the aspirin will be solubilized in the 
stomach, that a large fraction of the aspirin 
will find its way into the upper intestine prior to 
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solution, and even more than this fraction will 
enter the duodenum prior to absorption into the 
blood 

Edwards (11) has concluded that the absorption 
process of aspirin is evtremely rapid and could be 
regarded as substantially complete within a few 
minutes of the aspum dissolving; and that for aspi- 
rin taken in tablet form the rate-controlling process, 
for analgetic action resulting from blood concentra- 
tion. is the dissolution within the stomach and in- 
testine The assumption was made that transfer 
rate was diffusion controlled rather than equilibrated 
with the blood on the blood side of the lipoid barrier. 
This may not be valid, since aspirin maxima in the 
blood are reached two hours after ingestion (15) 
Edwards considered the general case of all aspirin 
being able to diffuse which according to the Brodic, 
Hogben, Shore studies (16) is not so, only the un- 
dissociated aspirin may diffuse through the lipoid 
barrier 

It can be shown (Appendix, case C) that the gen- 
eral expression for the calculation of the concentra- 
tion of an iomzable material in the blood, Cj. at 
time I is: 

loga/jco-C,[(|-^) + F/a][ » 

0.434 - ai\v -h [1 - <xx]V\/livV (Eq. 30) 

where Co is the concentration in the gastrointestinal 
tract in a volume, v, where the material has an ai 
degree of dissociation, where the volume of the 
blood, V, is in instantaneous equilibrium and the 
degree of dissociation therein is «•; where D is the 
diffusion constant, and h is the thickness, and A 
the effective area of the epithelial laj'er. On use of 
Edwards’ parameters the Eq. 30 becomes for two 
5-gr tablets dispersed in the upper intestine or 
jejunum in a volume of v = 500 cc. 

Wl.S/jl3-C.[(i^)+6][ . 

4 17X10-’/ 1(1 -£12)0 5 -fd - «,)3) (Eq 31) 
where t is in seconds. 

Two probable conditions to consider are pH 6 or 
7 for the intestine in equilibrium with material at 
pH 7 of the blood The degrees of dissociation, 
on and as, may be calculated at these pH values for 
aspirin of a pK'o = 3 8 by 


w/V where u' may be given by (see Appendix, case 
B): 


rc.DA 
[V/ik +£>A] 
DA 

[F/;t -)- DA] 


kt -b 


(1 


-p +DAn 


M<)| 


(Eq 34) 


and where i = 3 85 X 10“’ sec is the first-order 
rate constant for the hydrolysis of aspirin anhydride 
On use of Edwards’ parameters (11) Eq 34 be- 
comes 


3t.(Gm ) = 0 0123/ -b 0 0296(1 - (Eq 35) 

where / is in minutes The contribution of aspirin 
anhydride to the total salicylate concentration in 
the blood will not exceed 1 78 X 10“’ Gm /cc. since 
it is so readily hydrolyzed in solution to aspirin 
The rate of diffusion of aspirin anhydride through 
the intestinal wall is constant for this steady state 
condition reached within ten minutes and is (see 
Appendix, case C). 

■w (Gm.) = 0 0123/ (Eq 36) 


where / is in minutes. 

The calculated values plotted in Fig. 7 clearly 
show that aspirin anhydride in the intestine provides 
aspirin to the blood at a much faster rate than aspi- 
rin at concentrations given by two or one 5-gr. tablets 
per 500 cc of intestinal volume, at intestinal pH 
values of 6 or 7.' The total acetylsalicylate ap- 
pearance from aspirin anhydride is independent of 
the intestinal pH, volume, or number of tablets in 
the intestine; its rate is a constant as long as suffi- 
cient anhydride is available to ex-ceed the low solu- 
bility The pH of the intestine ranges from 6 to 7 
and thus it can be concluded that the acetylsali- 
cylate appearance rate from aspirin is at least inter- 
mediate between curves B and D of Fig 7. 

Table 111 gives salicylate blood levels at several 
time interv'als on the basis of different intestinal 
conditions Metabolic elimination was assumed to 
be inoperative from both the gastrointestinal tract 
and the blood m the calculation of these values 

Figure 7 and Table HI may not give the true 


Table III —Acetylsalicylate Content of pH 7 
Blood in Gm /L as a Function of Time from 
Aspirin and Aspirin Anhydride in the Intestine 


££ == autilog (pH — pK'o)/[l -b autiiog (pH — 

pK'„)] (Eq 32) 

so that Eq 31 reduces to the form 

log [1.3/(1 3 - 9C2)] = rl (Eq 33) 

where / is in minutes and if the intestinal contents 
arc at pH C.O, X-cti = 6 2 X 10“’, g = 6 1, r = 4 73 
X 10“’, and if the intestinal contents are at pH 
70, I-«, = 62 X 10-*, g = 7, and r = 521 X 
10 

^ The aspu-in content of the blood, FC-. for pH 6 and 
7 of the intestine, as a function of time is shown in 
Fig 7 for one and two 5-gr. tablets in 500 cc. of 
intestinal volume 

The concentration of total salicylate (aspirin and 
aspirin anhydride) in the blood for a saturated solu- 
tion jjf aspirin anhydride, C. = 0 03211 Gra./L 
at 37 5°. in an intestinal volume, v ~ 500 cc , is 


— Gr /oQO cc Intestinal Volunif 


*Fime 




Aspinn 

Anhydride 

Ani’O 

10 

.rvapil — » 

5 10 

"““■““Intestinal pH—-— - 

Min 

0 

C 7 

Any 

5 

0 0113 

0 0057 


0 030 

10 

0 0220 

0 0110 

0 0022 

0 051 

60 

0 102 

0 051 

0 013 

0 258 

100 

0 141 

0 071 

0 021 

0 420 

1,000 

0 212'’ 

0 loe’ 

0 130 

4 11 

10,000 



0 las'- 



a Total transfer of 5 gr of aspirin anh> dnde is acconi- 
phsUed Mithin tnenlj-four minutes, of 10 gr uithin fifty 
mmntes Hjdroijsis to aspirin in intestine and metabolic 
elimination arc igaored 

b Maximum blood concentration achievable due to the 
ncccs3ar\' equilibrium betucen mteatmal contents and blood 
Metabolic elimination is ignored 


J Dr ^ L Miller, Jr , of these Hboratones has confirmed 
this pre^ctiott of higher aspinn blood leseJs from aspmn 
anhydride oral administration o\cr aspmn oral administra- 
tion in humans and ivill publish his findings shortly 
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Fig. 7. — Appearance of acet36salicy]ate in the 
blood from aspirin and its anhydride at several in- 
testinal pH values and concentrations. Curve A 
is for aspirin anhydride at any pH and at any 
dosage in excess of saturation. Curve B is for two 
5-gr. tablets of aspirin in 500 ce. of intestinal fluid 
at pH of 6 whereas curve C is for one such tablet. 
Curve D is for two 5-gr. tablets of aspirin in 500 ce. 
at an intestinal pH of 7. 

values of blood coneentration because of the prob- 
able invalidity of the assumption that tlie blood is 
in instantaneous equilibrium with the material in 
the lipoid barrier.. However, the relative values 
should be valid for comparison of total acetylsali- 
cylate blood levels from aspirin and aspirin anhydride. 
However, the aspirin maxima in the blood from 
aspirin ingestion calculated on these bases are 
reached in about two hours after ingestion. This 
fact is consistent with experimental evidence, with 
the postulated importance of intestinal absorption, 
and the pH dependence of aspirin absorption in the 
intestine. It is inconsistent with the results of 
Edwards’ premise (11) of pH independent absorption 
in the gastrointestinal tract, that aspirin absorption 
into the blood is virtually instantaneous. 

SUMMARY AND CONCLUSIONS 

1. Aspirin anhydride, as well as being a non- 
acidic drug, fulfills other rational criteria for a 
superior aspirin dosage form. From the physico- 
chemical evidence: (a) Aspirin blood levels from 
aspirin anhydride will be higher than from aspirin 
ingestion due to the latter’s relatively slow, pH- 
dependent absorption from the intestine. This 
should be most pronounced at low stomach reten- 
tion times, e. g., with fasted individuals, (b) The 
salicylic acid content in the gastrointestinal fluids 
and in the blood will be higher at any time from 
aspirin ingestion than from the ingestion of 
aspirin anhydride. This is due to the routes of 
hydrolysis of these two substances. 


2. The heterogeneous hydrolysis of aspirin 
anhydride has been studied at several tempera- 
tures and its aqueous solubilities have been deter- 
mined. Complete equations have been presented 
for the hydrolysis of this material at the physio- 
logical temperatures and pH values. 

3. Procedures have been developed to deter- 
mine aspirin, aspirin anhydride, and salicylic 
acid spectrophotometrically. 

4. The solubility equilibrium procedure pre- 
sented will permit the estimation of aspirin in 
aspirin anhydride without the need of a primary 
standard. The procedure has been applied. 

APPENDIX 

Derivation of Equations for Calculation of Diffu- 
sion of Amounts of Various Aspirin Derivatives 
from the Intestine into the Blood 

Edwards (11) has assigned values to the necessary 
parameters to calculate the concentration of aspirin 
in the blood on diffusion through the intestinal wall. 
He concluded that the rate-controlling process for 
analgetic action in the blood is the dissolution of 
aspirin within the stomach and intestine. How- 
ever, the basic premise of his calculations and con- 
clusions was that all aspirin in the intestine diffuses 
into the blood stream. This is not believed to be 
the case; only undissociated aspirin may be pre- 
sumed to diffuse through the lipoid barrier (16). 

The General Case. — Pick’s law of diffusion 
(17) states that the quantity dw diffusing across 
A cm.® of area in time dt with a concentration 
gradient of (C's — C'i)lh may be expressed mathe- 
matically by 

dw/dt = -Ai?(C'« - C'i)/h (Eq. 1) 

The following figure shows that w Gm. of material 
can be transported across h cm. of intestinal wall 
with a total area of A cm.® and a diffusion constant 
of D cm.®/sec. when the total concentration of the 
material is Ci Gm./cc. in a volume, v, in the intestine, 
and where the concentration is C- Gm./cc. in a 
volume V of the blood. 



The material balance in the intestine and blood 
can be expressed by 

vCo = t/Ci -f FG (Eq. 2) 

where Co is the original concentration of the material 
in the intestine at time t = 0, prior to diffusion. 

All calculations are to be based on Edwards’ 
parameters, i. e., two 5-gr. tablets are dispersed in the 
upper intestine or jejunum in a volume of a = 500 
ce., giving an apparent Co = 1.3 X 10“® Gm./cc., 
where £> = 1.2 X 10"® cm.®/sec., A = 3 X 10® cm.®, 
F = 3 X 10® cc., and A = 2.5 X 10 -® cm., and homo- 
geneous dispersion in the blood is assumed. 

Case A. Diffusion Through the Intestinal Wall 
of Undissociated lonlzable Materials. — The amount 
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diffused through the iutestinal wall at a time i is 

w — CjE (Eq. 3) 

but the actual concentration gradient is set up bj' 
undissociated molecules so that if ai is the degree 
of dissociation at the pH of the intestine and a. 
at the pH of the blood, then the effective concentra- 
tion of diffusable materials is (1 — a,)C. so that the 
concentration gradient in this case is actually 

(C'2-r,)7i=[(I-ai)C5- 

(.1 - m)Ci]/h (Eq.41 

Substitutions of eqs. 3 and 4 into 1 and using the 
value of C: as calculated from Eq. 2. and rearranging 
in integrable form, we have 


/. 


dG 


0 [1 — ai]vCo — Cs|[l — ai]v -f- [1 ~ «i] Ej 


/. 


dC,/dt = kG. 


between the limits 0 and G, 0 and t, rearranged and 
simplified to 

G = 


DAC, 


IVhk A- DA] 


{1 .. c-lt + (Eq. 13) 


Substitution of the appropriate numerical values 
cited permits the simplification of Eq. 13 to 


G = 


1.2G 


_ (,-[1 + ■l.S X lO-SJI] _ 


(25Qk + 1.2) 

1.7S X 10-= |1 - ^ “■='} (Eq. 14) 

To calculate the total amount, w, of material 
that passed through the membrane, Eq. 13 or 14 
may be substituted into Eq 11 and integrated be- 
tween the limits 0 and w, 0 and t. 


‘ dl (Eq. 5) 
0 hvV 


which integrates to 

'"VI"'’ - '^[(f^) - 

DAt\[l - aAv -h [1 - ni]V\/hvV (Eq. 6) 

Substitution of the appropriate numerical values 
cited permits the simplification of Eq. 6 to 

l.gl.3/jl.3-c.[(|^;) +6] - 

4.17 X 10-=/l(l - 02)0.5 -(- (1 - «i)3j (Eq. 7) 

Case B. Diffusion Through the Intestmal Wall 
of Material at Constant Soluble Concentration, Cs, 
in the Intestinal Contents, Which Is Transformed 
at a Finite Rate to Kondiffusible Material in the 
Blood. — If the concentration of diffusible material 
in the intestine is a constant, i. e., C'l = C. = 3 2 
X 10“= Gm./cc. (solubility of AA at 37.5°) as when 
the amount available e.\'ceeds its solubility, and if 
this material is readily transformed in the blood 
at concentration G to a nondiffusible charged ma- 
terial of concentration G by first-order kinetics, 
then 


= yc.DA 
[Vhk + DA] 
DA 

[Vhk + DA] 


\kt -i- 

(1 _ f-H +D.4;rA)i)| = 


VDA 


[m +DA] 


[CM+G] (Eq. 15) 


Substitution of the appropriate numerical values 
cited permits the simplification of Eq. 15 to 


lose. 


T.5k -f 3 6 X 10--= 


-o + 


.3.6 X 10- 


:(1 -e-I‘ 


-r* + 4.8 X 10-: 


■0)[ 


(Eq. 8) 


where k = 3.85 X 10 = sec. ' at 37.5° and the con- 
centration gradient in this case is 

(C '2 - C',)/h = (G - C,)/h (Eq. 9) 

The amount diffused through the intestinal wall 
at a time t is 

w = [G -1- GIF (Eo 10) 

so that on substitution of Eqs. 9 and 10 into 1 

dw/d! = Vd[G A- G]/dt = 

-DA<G - C.)/h (Eq. 11) 

When Eq S is used, rearrangement results in the 
linear equation 

dG/dt -i- [i -f iDA)/(Vh)]G. = 

(DAC.)/{Vh) (Eq. 12) 

The integrating factor is + (Da);(rft)]ifi _ 
+ (Oa)ni4)j( gQ j 2 integrated 


7M -h 3.6 X 10- 

= 20.5 X 10 -= / + 2.96 X 

10-=(1 - ■»-»' (Eq. 10) 

Case C. The Steady State of Case B. — When 
t > 600 sec , the second factor in Eq. 14 approaches 
unity so that the steady state concentration of ma- 
terial not transformed to G is 

G = 1.2G/(250fe -f 1.2) = 1.78 y 

10-= Gm./cc , / > 600 (Eq. 17) 

Thus, the steady state diffusion through the in- 
testinal wall from Eq. 11 becomes 

dw/dl = 20.4 X 10“= Gm./sec. (Eq. 18) 
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Prediction of Stability in Pharmaceutical 
Preparations VI* 

Stability, Products, and Mechanism in the Pyrolytic Degradation of 

Aspirin Anhydride 

By EDWARD R. GARRETT, EDWARD L. SCHUMANN, and 
MARVIN F. GROSTIC 


The effects of crystallizing solvent and moisture on the pyrolytic degradation of 
aspirin anhydride were studied by infrared spectroscopy. The unexpected effects of 
“soft glass”-cataly2ed surface decomposition were observed. Micronization, dry- 
ing, and avoidance of contact with alkali increased the thermal stability. A mecha- 
nism of acyl transfer in the formed melt adequately explains the products identified 
by isolation and infrared studies. 


* I *HE APPLICATION OF prediction stability to 
-*■ pharmaceuticals that degrade by solvolytic 
processes is generally quite straightforward 
The degradation may usually be assigned to 
pseudo zero- or first-order kinetics and the clas- 
sical laws of physicochemical kinetics are quan- 
titatively applicable (1-5). When solid ma- 
terials, as powders or in admbttures of powders, 
are studied for stability prediction, the manner 
and rates of degradation may be more complex 
Appropriate treatment of the data may not give 
as elegant a quantitative prediction as for ma- 
terials in solution but can give good estimates 
and proper ranking of various alternate prepara- 
tions 

Properly designed, frequently assayed accel- 
erated stability studies may permit the evalua- 
tion of assay methods and of artifacts giving 
erroneous assay. 

There is physical chemical evidence that as- 
pirin anhydride is a superior form for the oral 
administration of aspirin (6, 7) Since logical 
dosage forms are as tablets or powders, the pre- 
diction of stability in these forms is of interest 
This paper reports on these stability studies and 
the products and mechanism in the pyrolyt c 
degradation of aspirin anhydride 

EXPERIMENTAL 

Initial Design for Study of Pyrolytic Stability of 
Aspirin Anhydride in Soft Glass. — Twenty-five 
milligrams of aspirin anhydride were weighed out 
in 15 X 45-mm glass vials (Kimble Opticlear) 
with press fit polyethylene caps Twenty of each 
lot were placed in large sealed omtment-type jars 
each of which was submerged beneath the oil of 

* Received May 21, 1959, from The Research Division, 
The Upjohn Co , Kalamazoo, Mich 

The pnor paper in this senes is given in reference (I) 

The authors are greatly indebted to Airs Lillian G Snyder 
and Mr George E Bronson for excellent technical assistance 
and to Mr W A Struck and hts associates in our Analytical 
Laboratory for the analytical data 

Presented to the Scientific Section, A Ph A , Cincinnati 
meeting, August 1959 


70, 60, 50, and 40° constant temperature baths 
Ten vials of each lot were left at room temperature 
and m a refrigerator at 4°. 

The material was assayed by dissolution in 5 cc. 
CHCb and evaluation of the resultant infrared 
spectra in the 1,600-1,850 cm region The 
spectral carbonyl region of possible hydrolytic or 
other end products of aspirin anhydride degrada- 
tion, i e , acetic anhydride, aspirin (asp), and 
salicylic acid (sal) is given in Fig 1 Estimates of 
the nonpyrolyzed purity of aspirin anhydride 
(AA) have been made from a 3-component assay 
at 1,782 cm 1,700 cm and 1,668 cm using 
supposedly pure components as standards 

The first three lots studied in this manner are 
given in Table I 

PjTolytic Degradation of Aspirin Anhydride in 
Soft-Glass Vials. — A typical evample of the change 
of carbonyl spectra with time on the pyrolytic deg- 
radation of aspirin anhydride is given in Fig 2, 

I e , lot I at 60° Three pertinent wavelengths for 
observation are obviously at 1,787 5 (where absorb- 
ance decreases on pyrolysis). 1,737 5, and 1,700 
cm (where absorbances increase on pyrolysis) 
An apparent isobestic point can be observed at 
1,755 cm 


Table I — Initial Pyrolytic Studies on Aspirin 
Anhydride 




Recrystal- 

lization 


Lot 

Comments 

Solvent 

HiOu, % 

I 

Original I R as- 
say 100 0%, 
negligible asp 
and sal 

Isopropyl 

alcohol- 

acetone 

1 21 

II 

Salvage material 

Isopropyl 

No weight 


from many lots. 

I R assay 
94 6%AA,0.6% 
asp, negligible 
sal 

alcohol 

acetone 

loss 

III 

Purity >99% by 

Diethyl 

No weight 


solubility analy- 
sis in ethylace- 
tate-K-heptane, 
1-10, 100.1% 

AA by I R 

ether 

loss 


o By veigiit loss at 0 01 min Hg, tventy-fi\e hours at 
room temperature 
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salicjlicactd- - acetic anlij dride 



glass vials The amount of aspirin anhydride «as 
2h mg , the spectra i\ere run m 5 cc of CHClj 

Comparison of Fig 2 with Fig 1 definitely shons 
that salic> he acid is not a product of the p\ rolj tic 
degradation since there is no appearance of a 1,668 
cm salict he acid hand in Fig 2 

Although the aspirin spectra of Fig 1 may account 
for part of the end product at three hundred and 
si\ti hours. It obviously does not account for the 
11 hole since the absorbance at 1,700 cm -> is much 
less than the absorbance at 1,750 cm m Fig 2 
These absorbances are almost equnalent for aspirin 
in Fig 1 

The three hundred and si\ty-hour spectra (Fig 
2) subscquciitlj changed bttlc luth time The 
nature of aiiv change nas a decrease in absorbances 
at all frequencies, indicating volatilization or loss 
of cud product rather than any subsequent trans- 
formation 


Tjpical plots of absorbance time at 1,787 5 
cm are given m Fig 3 for the several temperatures 
of degradation The three lots, I, II, and III did 
not shots any highly significant differences m 70 
and 60° degradation and the plot of only one, lot 
I, IS given m Fig 3 The curves did not fit zero- 
order or first-order t) pe plots m their entirety The 
best characterization tt ould be an initial linear loss 
of absorbance tvitli a subsequent logarithmic or 
first order tvpe loss 



Fig 3 — PjTolvtic degradation of typical aspirin 
anhydnde lots in "soft” glass as measured by the ab- 
sorbance of 25 mg in 5 cc CHCb against time at 
1,787 5 cm lot I O, lot II 9 

Host ever, at 50 and 40° a distinct difference 
among lots in loss of absorbance lUth time can be 
observed Although lots II and III demonstrated 
similar degradation rates at these temperatures 
(only plots for lot II are shown m Fig 3), lot I 
degraded at a dramatically greater speed 

Inspection of the rate of absorbance increases at 
1,700 and 1,737 5 cm as given m Fig 4 showed 
similar phenomena All three lots similarly de- 
graded at 70 and 60° and lots 11 and III degraded 
similarly at the other temperatures However, lot 
I degraded at a much faster rate than the other two 
This is most clearly shown m the 60° studies at 
these wave numbers 

Visual observation of the degradation allowed 
the following conclusions The appearance of 
liquid occurred rather quickly and within twenty- 
four hours at 70° complete liquefaction had set in 
At the lower temperatures, change m carbonyl 
spectra could be qualitatively correlated with the 
degree of liquefaction , lot I being completely lique- 
fied much before the others With decomposition, 
acetic acid or acetic anhj dnde could be smelled 

In an attempt to manufacture a large amount of 
pvrolytic end product 10 Gm of lot I was sealed 
within a Canus tube and submerged m the 70° bath ' 
Inspection of the curves (Fig 3) had indicated that 
complete transformation should hai e occurred 
within seven days The material was completely 
liquefied within two to three days However, an 
infrared spectrum of the resultant carbonyl region 
was not the same as that for three hundred and sixty 
hours at 00° m Fig 2 or four hundred and thnty-two 

‘ This work was performed bj Dr E C Olson of r 
jaboratones 
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Fig. 4. — Pyrolytic degradation of typical aspirin 
anhydride lots in "soft” glass as measured by the ab- 
sorbance of 25 mg. in 5 cc. CHCIi against time at 
1,700 and 1,737.5 cm.”*; lot I O: lot II •. 

hours at 70° in Fig. 5. The probably erroneous 
initial conclusion was that it was impure aspirin 
anhydride; the carbonyl region spectra were similar 
to that given for the anhydride of acetylsalicoyl- 
salicylic acid in Fig, 6. 

In addition, 10 Gm. of lot I were heated in a 
Pyrex tube at 70° for one week with a slow stream 
of air passing through the material. Volatile ma- 
terials were trapped and identified as water and ace- 
tic acid.' The material did not liquefy. Infrared 
identified it as slightly decomposed aspirin anhy- 
dride. 

Comparison of the Pyrolytic Stability of Aspirin 
Anhydride in “Soft” and “Hard” Glass Con- 
tainers. — ^As previously, 25 mg. of aspirin anhj’dride 
was weighed out in the glass vials, i. e,, “soft” glass. 
Similarly, the material was weighed out in Pyrex 
or so-called "hard” glass. These latter were sealed 
with corks wrapped in aluminum foil. 

A dramatic difference was observed in the pyro- 
lytic degradation of material in these two types of 
containers. This is graphically shown in Fig. 7 
where the aspirin anhydride from the same lot 
pyrolyzed in "soft” glass showed large changes 
in carbonyl spectra at 1,787.5 cm.”' compared to 
those pyrolyzed in “hard" glass at both 70 and 50°. 

Three lots (see Table II) of anydride showed no 
difference among themselves when pyrolyzed in 
"hard” glass at 60 and 70°. However, in "soft” 
glass, anhydride recrystallized from absolute ethanol 
showed a definitely worse stability (lot V) over ma- 
terial finally recrystallized from Skelly B-ether (lot 
IV) and Skelly B-ethyl acetate (lot VI). These 
facts indicate that ethanol of solvation is diffieult 
to remove from the anhydride and may not be the 
recrystallization solvent of choice even though the 
nicest appearing and largest crystals resulted from 
this solvent. 



Fig. 5. — The carbonyl region infrared spectra of 
aspirin anhydride and possible pyrolytic end prod- 
ucts of amounts equivalent to 25 mg. aspirin an- 
hydride in 5 cc. CHClj: aspirin anhydride ; 

end product of 70° pyrolysis at four hundred and 

thirty-two hours ; acetylsalicoylsalicylic acid 

- - • — • acetic acid 



Fig. 6. — The carbonyl region infrared spectra of 
aspirin anhydride and a possible pyrolytic inter- 
mediate, equivalent to 25 mg. aspirin anhydride in 

6 cc. CHCI 3 : aspirin anhydride , 2,2'-bis(2- 

acetoxybenzoyloxy)benzoic anhydride - - - -. 

To check the effect of the plastic cap, finely ground 
plastic caps were placed in contact with anhydride 
in the “hard” glass containers. No difference in 
degradation rate from the material alone in “hard” 
glass could be observed. 

Comparison of Pyrolytic Stability of Micronized, 
Nonmicronized, and Impure Aspirin Anhydride. — 
The pyrolytic stability of aspirin anhydride was 
studied in screw-cap polyethylene containers. The 
material was subjected to varying temperatures and 
infrared-spectrophotometrically analyzed as previ- 
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ously described. Properties of the anhydride lots 
studied are tabulated in Table III- 

No great difference in pyrolytic degradation 
among lots VII, IX, and X was observed. The 
plots of lot VII, absorbance at 1,787.5 cm."’ vs. 
time for 70, 60, and 50° in Fig. 8 is characteristic of 
all three of these lots. From this it can be concluded 



Fig. 7. — Comparative effects of Pjtc-v and "soft” 
glass containers on the pyrolytic degradation of 
aspirin anhydride as measured by the absorbance of 
25 mg. in 5 cc. CHClj against time at 1,787.5 cm."*. 
The solid lines are for "soft" glass containers and the 
dashed are for Pyrex: lot IV O ; lot V 3; lot VI #. 

Table II. — Characterization of Lots Used in 
Comparison of “Soft” and “Hard” Glass Con- 
tainers ON Pyrolytic Stability of Aspirin 
Anhydride 


M. p. 
Uncorr., 
Lot “ C. 

IV 84-85 


V 83-85 


VI 84-86 


I. R. Assay 
AA, Aspirin, 
% % 
101.0 0.1 


100.8 0.2 


100.3 0.0 


Recrj-stalliaation 

Solvents 

3X from ethyl ace- 
tate-Skelly B 
2:3; IX from 
absolute ether- 
Skelly B 2;1 
2X from ethyl ace- 
tate-Skelly B; 
2:3; IX from ab- 
solute ethanol 
2X from ethylace- 
tate-Sk lly B; 
2:3; IX from 
acetonc-Skelly B; 
1:1; IX from 
ethylacetate- 
SkellyB;l;l 


that the two different solvent mixtures of co'stalliza- 
tion, ethyl acetate-Skelly B and acetone-isopropyl 
alcohol, are indistinguishable in their effects on the 
pjTolytic degradation of thoroughly dried aspirin 
anhydride. It is also inidcated that an admixture, 
containing up to 3% aspirin, has no enhanced pjTO- 
lytic degradation. However, it must be realized 
that this is not the same case as aspirin impurity 
molecularl}' dispersed throughout aspirin anhydride. 

A synthetic admixture of anhydride with salicylic 
acid (i. e., 4.8%) does have significantly greater 
pyrolytic degradation rates than aspirin anhydride 
itself. The increased rates of degradation of lot XI 
over lot YII are clearly demonstrated in Fig. 8 at all 
three temperatures. 

Micronized aspirin anhydride with subsequent 
thorough dr 3 dng demonstrated highlj’ significant 
increases in pj-rolj'tic stabilitj'. Lot VUI, whicli is 
lot VII micronized and redried, shows an astonish- 
ing increase in stabilitj' over lot VII at all tempera- 
tures when the pertinent I. R. absorbances are 
plotted against time, as in Fig. 8. 

Preparation of the Possible Products of Pyrolytic 
Degradation. — Six compounds were prepared for 
I. R. spectrophotometric comparison with thermally 
decomposed aspirin anhydride: Acctylsalicoylsah- 
cylic Acid, CieHi-Oe, iiwL wt. 300.3 . — This sub- 
stance was prepared by the method of A. Einhom 



Fig. 8. — Comparison of the pyrolj'tic degradations 
of crj'stalline, micronized, and salicylic acid-con- 
taminated aspirin anhj'dride in polj'ethylene bottles. 
The absorbance of 25 mg. in 5 cc. CHClj was meas- 
ured against time at 1,787.5 cm."*; lot V''II, crystal- 
line aspirin anhj’dride O; lot VIII, micronized 3; 
lot XI, aspirin anhj'dride plus 4.8% salicylic acid#. 


Table III. Characterization of Lots Used in Comparison of Micronization, Nonmicronization, 
and Aspirin and Salicylic Acid in Admixtures on the Pyrolytic Stability of 

Aspirin Anhydride 


Lot 

RccrystaJlization 

Remarks 

Vn and 

2X from ethj'l acetate-Skelly B, 

Dried overnight at room tern- 

vm 

2:3 

perature at 2 mm. of Hg, 
then 24 hr. at 2 mm. ; 0 02% 
wt. loss 

IX 

Same as lot \*II with a subsequent 

Dried at 12 mm. for 24 hr., 

X 

XI 

recrj’stallization 2X from ace- 
tone-isopropyl alcohol 

wt. loss 0.08% 

Sj’nthetic batches derived from 
lot VII -f- salicj’lic acid -f as- 
pirin 



Assay by I. R. 

99% AA 
0% aspirin 
0.1% salicj’lic acid 

101% AA 
0.2% aspirin 
0.1% salicj’lic acid 
96.6% AA 
2.6% aspirin 
0.3% salicj’lic acid 
95.1%AA 
0.7% aspiiin 
4.8% salicylic acid 
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Fig. 4. — Pyrolytic degradation of typical aspirin 
anhydride lots in "soft" glass as measured by the ab- 
sorbance of 25 mg. in 5 cc. CHCI3 against time at 
1,700 and 1,737.5 cm,-*; lot I Ol lot II •. 

hours at 70° in Fig. 6. The probablj’ erroneous 
initial conclusion was that it was impure aspirin 
anhydride; the carbonyl region spectra were similar 
to that given for the anhydride of acetylsalicoyl- 
salicylic acid in Fig. 6. 

In addition, 10 Gm. of lot I were heated in a 
Pyrex tube at 70° for one week with a slow stream 
of air passing through the material. Volatile ma- 
terials were trapped and identified as water and ace- 
tic acid.' The material did not liquefy. Infrared 
identified it as slightly decomposed aspirin anhy- 
dride. 

Comparison of the Pyrolytic Stability of Aspirin 
Anhydride in “Soft” and “Hard” Glass Con- 
tainers. — As previously, 25 rag. of aspirin anhydride 
Was weighed out in the glass vials, i. e., "soft” glass. 
Similarly, the material was weighed out in Pyrex 
or so-called “hard” glass. These latter were sealed 
with corks wrapped in aluminum foil. 

A dramatic difference was observed in the pyro- 
lytic degradation of material in these two types of 
containers. This is graphically shown in Fig. 7 
where the aspirin anhydride from the same lot 
pyrolyzed in "soft” glass showed large changes 
in carbonyl spectra at 1,787.5 cm.”' compared to 
those p3ToIyzed in "hard” glass at both 70 and 50°. 

Three lots (see Table II) of any-dride showed no 
difference among themseh'es when pyrolyzed in 
"hard” glass at 60 and 70°, However, in "soft” 
glass, anhj'dride recrystallized from absolute ethanol 
showed a definitely worse stability' (lot V) over ma- 
terial finally recrystallized from Skelly B-ether (lot 
IV) and Skelly B-ethyl acetate (lot VI). These 
facts indicate that ethanol of solvation is difficult 
to remove from the anhydride and may' not be the 
recrystallization solvent of choice even though the 
nicest appearing and largest crystals resulted from 
this solvent. 



Fig. 5. — The carbonyl region infrared spectra of 
aspirin anhydride and possible pyrolytic end prod- 
ucts of amounts equivalent to 25 rag. aspirin an- 

hy’dride in 5 cc. CHCIj.- aspirin anhydride ; 

end product of 70° py’rolysis at four hundred and 

thirty-two hour.s 1 acetylsalicoylsalicylic acid 

— acetic acid 



Fig. 6. — ^The carbonyl region infrared spectra of 
aspirin anhydride and a possible pyrolytic inter- 
mediate, equivalent to 25 mg. aspirin anhydride in 

5 cc. CHCh: aspirin anhydride , 2,2'-bis(2- 

acetoxybenzoyloxy)benzoic anhydride - - - -. 

To check the effect of the plastic cap, finely ground 
plastic caps were placed in contact with anhydride 
in the "hard” glass containers. No difference in 
degradation rate from the material alone in "hard” 
glass could be observed. 

Comparison of Pyrolytic Stability of Micronized, 
Honmicronized, and Impure Aspirin Anhydride. — 
The pyrolytic Stability of aspirin anhy’dride was 
studied in screw-cap polyethylene containers. The 
material was subjected to varying temperatures and 
infrared-spectrophotometrically analyzed as previ- 



December 1959 


Scientific Edition 


6S7 


ously described. Properties of the anhydride lots 
studied are tabulated in Table III. 

No great difference in pyrolytic degradation 
among lots VII, IX, and X was observed. The 
plots of lot YII, absorbance at 1,787.5 cm.“’ w. 
time for 70, 60, and 50° in Fig. 8 is characteristic of 
all three of these lots. From this it can he concluded 



Fig. 7. — Comparative effects of PjTc.'t and “soft" 
glass containers on the pjTolytic degradation of 
aspirin anhydride as measured by the absorbance of 
25 mg. in 6 cc. CHCli against time at 1,787.5 cm.~*. 
The solid lines are for “soft” glass containers and the 
dashed are for Pyrex: lot IV O ; lot V lot VI #. 

Table II. — Characterization of Lots Used i.n 
Comparison op "Soft” and "Hard" Glass Con- 
tainers ON Pyrolytic Stability of Aspirin 
Anhydride 


Lot 

IV 


M. p. 
Vncorr., 
°C. 


84-85 


V 83-85 

VI 84-86 


1. R. Assay 
AA, Aspirin, 
% % 

101.0 0.1 


100.8 0.2 


100,3 0.0 


Uecrj'stalliration 

Solvents 

3X from ethyl ace- 
tate-Skelly B 
2:3: IX from 
absolute ether- 
Skelly B 2:1 
2X from ethyl ace- 
tate-Skelly B; 
2:3; IX from ab- 
solute ethanol 
2X from ethylace- 
tatc-Sk lly B; 
2:3; IX from 
acetone-Skelly B; 
1:1; IX from 
cthylacetate- 
SkellyB;!:! 


that the two different solvent mixtures of crj'stalliza- 
tion, ethyl acetate-Skelly B and acctone-isopropyl 
alcohol, are indistinguishable in their effects on the 
pjToIrtic degradation of thoroughly dried aspirin 
anhydride. It is also inidcated that an admixture, 
containing up to 3% aspirin, has no enhanced pyro- 
Ij'tic degradation. However, it must be realized 
that this is not the same case as aspirin impurity 
molecularly dispersed throughout aspirin anhydride. 

A synthetic admixture of anhydride with salicylic 
acid (i. e., 4.8%) does have significantly greater 
pyrolytic degradation rates than aspirin anhydride 
itself. The increased rates of degradation of lot XI 
over lot VII are clearly demonstrated in Fig. 8 at all 
three temperatures. 

Micronized aspirin anhydride with subsequent 
thorough drying demonstrated highly significant 
increases in pyrolytic stability. Lot VIII, which is 
lot Vn micronized and redried, shows an astonish- 
ing increase in stability over lot VII at all tempera- 
tures when the pertinent I. R. absorbances are 
plotted against time, as in Fig. 8. 

Preparation of the Possible Products of Pyrolytic 
Degradation. — Six compounds were prepared for 
I. R. spectrophotometric comparison with thermally 
decomposed aspirin anhydride: Acelylsalicoylsali- 
cylic Acid, CitHnOi, mol. wt. 300.3 . — ^This sub- 
stance was prepared by the method of A. Einhorn 



Fig. 8. — Comparison of the pyrolytic degradations 
of cri'stalline, micronized, and salicylic acid-con- 
taminated aspirin anhydride in polyethylene bottles. 
The absorbance of 25 mg, in 5 cc. CHCIj was meas- 
ured against time at 1,787.5 cra.“‘; lot VII, crystal- 
line aspirin anhydride O; lot VIII, micronized »; 
lot XI, aspirin anhydride plus 4.8% salicylic acid*. 


Table III. Characterization of Lots Used in Cojipariso.v of Micronization, Nonmicronization 
AND Aspirin and Salicixic Acid in Admixtures on the Pyrolytic Stability op 

Aspirin Anhydride 


Lot 

vn and 

vm 

IX 

X 
N1 


Recrystalliration 

2X from ethyl acetate-Skellv B, 
2-.3 


Same as lot I'll with a subsequent 
rccrj'stallization 2X from acc- 
tone-isopropyl alcohol 
Synthetic batches derived from 
lot vn -f- salicylic acid -F as- 
pirin 


Rfimurk*; 

Dried overnight at room tem- 
perature at 2 mm. of Hg, 
then 24 hr. at 2 mm.; 0.02% 
wt. loss 

Dried at 12 mm. for 24 hr 
wt. loss 0.08% 


Assay by I. R, 

99% AA 
0% aspirin 
0.1% salicylic acid 

101% AA 
0.2% aspirin 
0.1% salicylic acid 
96.6% A A 
2.6% aspirin 
0.3% salicylic acid 
9S_^1%AA 
0,7% aspiiin 
4.8% salicylic acid 
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Fig. 4 .- — Pyrolytic degradation of typical aspirin 
anhydride lots in “soft” glass as measured, by the ab- 
sorbance of 25 mg. in 6 cc. CHCb against time at 
1,700 and 1,737.6 cm.-'; lot I O; lot 11 •. 

hours at 70° in Fig. 5. The probably erroneous 
initial conclusion was that it was impure aspirin 
anhydride; the carbonyl region spectra were similar 
to that given for the anhydride of acetylsalicoyl- 
salicylic acid in Fig. 0. 

In addition, 10 Gm. of lot I were heated in a 
Pj'rex tube at 70° for one week with a slow stream 
of air passing through the material. Volatile ma- 
terials were trapped and identified as water and ace- 
tic acid.' The material did not liquefy. Infrared 
identified it as slightly decomposed aspirin anfij'^- 
dride. 

Comparison of the Pyrolytic Stability of Aspirin 
Anhydride in "Soft” and "Hard” Glass Con- 
tainers. — As previously, 25 rag. of aspirin anhydride 
was weighed out in the glass vials, i. e., “soft” glass. 
Similarly, the material was weighed out in Pyrex 
or so-called "hard” glass. These latter were sealed 
with corks wrapped in aluminum foil. 

A dramatic difference was observed in the pyro- 
lytic degradation of material in these two types of 
containers. This is graphicallj’^ shown in Fig, 7 
where the aspirin anhydride from the same lot 
pyrolyzed in "soft” glass showed large changes 
in carbonyl spectra at 1,787.5 cm.”' compared to 
those pjTolyzed in "hard” glass at both 70 and 50°, 

Three lots (see Table II) of anydride showed no 
difference among themseh'es when pyrolyzed in 
"hard” glass at 50 and 70°. However, in "soft” 
glass, anhydride recrystallized from absolute ethanol 
showed a definitely worse stability (lot V) over ma- 
terial finally recrystallized from Skelly B-ether (lot 
IV) and Skelly B-ethyl acetate (lot VI). These 
facts indicate that ethanol of solvation is difficult 
to remove from the anhydride and may not be the 
recrystallization solvent of choice even though the 
nicest appearing and largest crystals resulted from 
this solvent. 



Fig. 5. — The carbonyl region infrared spectra of 
aspirin anhydride and possible pyrolytic end prod- 
ucts of amounts equivalent to 25 mg. aspirin an- 
hydride in 5 cc. CHCb: aspirin anhydride ; 

end product of 70° pyrolysis at four hundred and 

thirty-two hours ; acetylsalieoylsalicylic acid 

— — • acetic acid 



Fig. 6. — The carbonyl region infrared spectra of 
aspirin anhydride and a possible pyrolytic inter- 
mediate, equivalent to 25 mg. aspirin anhydride in 

5 cc. CHCh: aspirin anhydride , 2,2'-bis(2- 

acetoxybenzoyloxy)benzoic anhydride - - - -. 

To check the effect of the plastic cap, finely ground 
plastic caps were placed in contact with anhydride 
in the "hard” glass containers. No difference in 
degradation rate from the material alone in "hard” 
glass could be observed. 

Comparison of Pyrolytic Stability of Micronized, 
Nonmicronized, and Impure Aspirin Anhydride. — 
The pyrolytic stability of aspirin anhydride was 
studied in screw-cap polyethylene containers. The 
material was subjected to varying temperatures and 
infrared-spectrophotoraetrically analyzed as previ- 
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ously described. Properties of the anhydride lots 
studied are tabulated in Table III. 

No great difference in pyrolytic degradation 
among lots VII, IX. and X was observed. The 
plots of lot VII, absorbance at 1,787.5 cm."| vs. 
time for 70, 60, and 50“ in Fig. 8 is characteristic of 
all three of these lots. From this it can be concluded 



Fig, 7. — Comparative effects of Pyrex and "soft” 
glass containers on the pyrolytic degradation of 
aspirin anhydride as measured by the absorbance of 
25 mg. in 5 cc, CHCU against time at 1,787.5 cm,”*. 
The solid lines are for "soft” glass containers and the 
dashed are for Pyrex: lot IV O ; lot V lot VI •. 


Table II. — Characterization of Lots Used in 
Comparison of "Soft" and “Hard” Glass Con- 
tainers ON PvROLYTic Stability of Aspirin 
Anhydride 


M. p. 
Uncorr., 
Lot ° C. 

IV 84-85 


V 83-85 


VI 84-86 


I. R. Assay 
AA, Aspirin, 
% % 
101.0 0.1 


100.8 0.2 


100.3 0.0 


Reorystallisation 

Solvents 

3X from ethyl ace- 
tate-Skelly B 
2:3; IX from 
absolute etber- 
Skclly B 2:1 
2 X from ethyl ace- 
tate-Skelly B; 
2:3; IX from ab- 
solute ethanol 
2X from ethylace- 
tate-Sk lly B; 
2:3; IX from 
acetone-Skelly B ; 
1:1; lx from 
ethylacetate- 
SkellyB;l;l 


that the two different solvent mixtures of crj'stalliza- 
tion, ethyl acetatc-Skelly B and acetone-isopropyl 
alcohol, are indistinguishable in their effects on the 
pj'folytic degradation of thoroughly dried aspirin 
anhydride. It is also inidcated that an admixture, 
containing up to 3% aspirin, has no enhanced pyro- 
Ij'tic degradation. However, it must be realized 
that this is not the same case as aspirin impurity 
molecularly dispersed throughout aspirin anhydride. 

A synthetic admixture of anhydride with salicylic 
acid (i. e., 4.8%) does have significantly greater 
pyrolj'tic degradation rates than aspirin anhydride 
itself. The increased rates of degradation of lot XI 
over lot VII are clearly demonstrated in Fig, 8 at all 
three temperatures. 

Micronized aspirin anhydride with subsequent 
thorough drj'ing demonstrated highly significant 
increases in pyroljdic stability. Lot VIII, which is 
lot Yll micronized and redried. shows an astonish- 
ing increase in stability over lot VII at all tempera- 
tures when the pertinent I. R. absorbances are 
plotted against time, as in Fig. 8. 

Preparation of the Possible Products of Pyrolytic 
Degradation. — Six compounds were prepared for 
1. R. spectrophotometric comparison with thermally 
decomposed aspirin anhydride: AcclylsalicoyJsali- 
cylic Acid, Cie/TnOc. mol. tot. 300.3 . — This sub- 
stance was prepared by the method of A. Einhorn 



Fig. 8 —Comparison of the pyrolytic degradations 
of (wystalline, micronized, and salicylic acid-con- 
taminated aspirin anh 3 ’dride in polyethylene bottles 
The absorbance of 25 mg. in 5 cc. CHCb was meas- 
ured against time at 1,787.5 cm.”*; lot VII, crystal- 
line aspirin anhj'dride O; lot VIII, micronized 3- 
lot XI, aspirin anhydride plus 4.8% salicylic acid# ’ 


Table III. Characterization op Lots Used in Comparison of Micronization, NoNMICRONIZATIo^ 
AND Aspirin and Salicylic Acid in Admixtures on the Pyrolytic StIbility ot 
Aspirin Anhydride 


Lot 

VH and 
VIII 

IX 


X 


XI 


Rccrystalliration 

2X from ethyl acetatc-Skelly B, 
2:3 


Same as lot VII with a subsequent 
recry'stallization 2X from acc- 
tone-isopropj'I alcohol 
Synthetic batches derived from 
lot VII -F salicylic acid -f as- 
pirin 


Remarks 

Dried overnight at room tem- 
perature at 2 mm. of Hg, 
then 24 hr. at 2 mm.; 0 02% 
wt. loss 

Dried at 12 mm. for 24 hr. 
wt. loss 0.08% 


Assay by I. R, 

99% AA 
0% aspirin 
0.1% salicylic acid 

101% AA 
0.2% aspirin 
0.1% salicylic acid 
96.6% AA 
2.0% aspirin 
0.3% salicjdic acid 
95.I%AA 
0.7% aspirin 
4.8% salicj’lic acid 
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(8) who reported a melting point of 161-162° Ma 
terial obtained in this study melted at 163-165° 
(uncorr ) after recrj stalhzation from benzene and 
95% ethanol 

2,2' Bts{2 acetoxybenzoyloxy) benzoic Anhydride, 
CziH’tiOn, mol wt 582 4 — A mixture of 9 0 Gm 
(0 03 mole) of acetylsahcoylsahcyhc acid in 15 ml 
of methylene chloride and 2 4 Gm (0 03 mole) of 
pyridine was stirred and cooled in an ice bath during 
the addition of a solution of 1 8 Gm (0 015 mole) of 
SOC1-. m 10 ml of methjlene chloride over a fi\e 
minute period The mixture was maintained at 
5-8° and stirred hfteen minutes longer, then poured 
over a mixture of 100 ml of crushed ice and 15 ml 
of 10% HCl and mixed thoroughly 

The methylene chloride layer was separated, dried 
over MgS 04 , and evaporated The residue, iihich 
crystallized on standing, ivas recrj stalhzed twice 
from etlijl acetate Skelly B (1 1) to give 5 7 Gm 
(65%) of fine, white needles, melting point 142-144° 
(uncorr ) 

Anal—Calcd for Cj-H .On, C, 65 98, H, 3 81 
Found C, 65 95, H, 3 83 
Mixed Anhydride of Aspirin and Acetic Acid, 
CiiHwOh, mol wt 222 2 — This compound and the 
mixed anhydride of acetjdsahcoj Isahcj he and acetic 
acids are very labile, decomposing at room tempera 
ture to give the expected sjmmetrical anhjdndes 
No satisfactory carbon hydrogen analjses were ob 
tamed due to decomposition and loss of varj mg 
amounts of acetic anhjdride 

A solution of 18 0 Gm (0 1 mole) of aspirin m 
600 ml of anhydrous ether was treated, via a gas 
inlet tube, with excess ketene The ketene was pro 
duced in a Hurd generator (9) 

Solvent was removed at room temperature by a 
dry nitrogen stream and the residual colorless oil 
was stored at 0° until used for I R analysis 

Pyrolysis of the mixed anhydride was effected by 
heating the material on the steam bath under re- 
duced pressure (ca 40 mm for 90 minutes) Trit 
uration of the residual oil with 1 1 ethyl acetate 
Skelly B and seeding gave a 46% yield of aspirin 
anhydride 

Mixed Anhydride of Acetylsahcoylsahcyhc and 
Acetic Acids, ChHhOt, mol wt 342 3 — A solution of 
6 0 Gm of acetjdsahcoj Isahcylic acid in 200 ml of 
anhjdrous acetone was treated with ketene as de 
scribed above and worked up m the same way The 
residual oil was stored at 0° until used 

Material which w as allowed to stand at room tern 
perature decomposed to give 2,2' bis(2 acetoxj 
benzoj loxj ) benzoic anhj dride 

Disahcylide and Trisahcyhde — Tliese products 
were prepared bj pjrolysis of aspirin at 300-350° 
at 10-15 mm , using the procedure of Baker, Ollis, 
and Zeallej (10) 

Infrared analysis showed no trace of these com 
pounds in anj' of the decomposed aspirin anhj'dride 
samples examined 

Isolation of Acetylsahcoylsahcyhc Acid from De 
composed Aspirin Anhydride — Acetylsahcoylsali 
cjhc acid was isolated from decomposed moist as- 
pirin anhj'dride, lot I, pjnoljzed at 70° for three 
weeks m the presence of soft glass, m the following 
manner 

An ether solution of decomposed aspirin anhydride 
was extracted with 5% aqueous NaHCOs and the 
bicarbonate solution was acidified with acetic aad 


and extracted with ether The ether solution was 
dried over MgS 04 and then evaporated to give crude 
acetylsalicojdsahcyhc acid which was almost identi- 
cal to authentic material 

2,2'-Bis(2 acetoxybenzoj loxy) benzoic anhj dride 
could not be isolated from the complex of aspirin 
anhydride decomposition products 

DISCUSSION 

Three aspects of these studies on aspirin anhj dnde 
are to be considered The first is the effect of mois 
ture, solvent, alkali, purity , and micronization on the 
stability of aspirin anhvdride and the conditions for 
maximum stability The second is a proposed 
mechanism of acyl exchange for the pyrolytic deg 
radation of aspirin anhj dride and its consistency 
with the observed changes in infrared spectra of the 
carbony 1 region as compared to the infrared spectra 
of compounds that could result from acyl inter 
change The third is the further evidence from iso 
lation of degradation products and comparison of 
complete infrared spectra 

Stabilization of Aspirm Anhydride Against Pyro- 
lytic Degradation — It is apparent that water con 
tamination increases the thermal instability of as 
pirin anhydride ev’en in amounts as low as 1% 
This is aptly demonstrated by the plots of Fig 3 
for lots I and 11 

Material m contact with "soft,” or high alkali 
content, glass has the greater pyrolytic instability 
This is demonstrated by the curves of Fig 7 
Comparison of the curves of Fig 8 for polyethylene 
with those of the “soft” glass containers of Fig 6 
also substantiates this point 

Contamination with salicylic acid adversely af 
fects the pj roly tic stability as can be seen in Fig 8 

It can be concluded from the above facts and other 
observations given m "Experimental” that the pyro 
Ij tic degradation of aspirm is initiated on the surface 
of the crystals, that it is catalyzed by the higher 
alkali content of contacted “soft” glass, that the 
surface formed products lower the melting point, 
originally ca 84°, to form a melt The pyrolytic 
degradation proceeds at a faster rate within the 
melt 

When aspirm anhydride ccntains moisture (as in 
lot I) or IS contaminated by solvent (as presumed in 
lot V), liquefaction and thus pjTolj tic degradation 
IS accelerated Under these conditions and espe 
cially when alkali is present for catalj sis, as m “soft” 
glass, no induction period may be readily' apparent 
(Fig 3) However, when the anhj'dride is thor- 
oughlv dried, of high purity', and not m surface con 
tact with alkali, its pyrolytic stability is greatly 
enhanced, as with lots VII and VIII in Fig 8, the 
induction period becomes obvious Any' material, 
such as salicylic acid, which significantly lowers the 
melting point and abets liquefaction will favor in- 
stability 

Removal of the initial products of pyrolytic deg- 
radation of aspirin anhydride, for example, acetic 
anhydride or acid, or unbound or released solvent 
as bj' a stream of heated air, inhibits liquefaction and 
stabilizes 

The increased stability of micronized anhydride 
over unmicromzed (lot VIII over VII in Fig 8) or of 
small crystals from ethj 1 acetate Skelly B over the 
large crystals from ethanol crystallization (lot VI over 
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lot V in Fig. 7) are unexpected phenomena. This is 
especially so in the former case ivhere lot YII showed 
negligible weight loss on do'ing (0.02%). A pos- 
sible explanation is that large crt'stals are soK'ates 
or contain trapped solvent, that smaller or fractured 
crystals are more liable to lose this solvent of crj’s- 
tallization when subject to higher temperatures. 
Thus the melting points would not be lowered as 
much so that it is more difficult to produce the 
"melt" wherein pyrolytic degradation is accelerated. 

Thus, to gain maximum stability to pj'rolytic deg- 
radation, the aspirin anhydride should not be con- 
taminated with salicylic acid, should be thoroughly 
dried, and micronization is highly desirable. Since 
contact with alkali or Bronsted-type bases may 
catalyze the decomposition, the absence of contact- 
ing alkaline surfaces should promote stabilization. 

Removal of the products of pyrolysis, as b 3 ’ hot air 
stream, which could promote liquefaction and deg- 
radation will stabilize. 

The studies on lot VII (Fig. 8), a dry pure ma- 
terial, show that for a 10° temperature decrease from 
70 to 60°, the estimated linear degradation rate after 
the induction period decreased to Vs its prior value. 
For the 10° decrease from 60 to 50° the similarly 
estimated linear degradation rate is decreased to */io 
its prior value. This indicates that the apparent 
overall heat of activation for the processes of pj'ro- 
lytic degradation is of high magnitude. If a de- 
crease to Vio the value is postulated for the next 
10° decrease in temperature, infrared assay should 
not be able to demonstrate any significant pyrolytic 
degradation for more than a year at 40°, Pure, dry 
aspirin anhydride should be indefinitely stable at 30° 
by this criterion. Consideration of the additional 
phenomenon of the lengthening induction period 
with lowered temperature makes this estimate a 
conservative one. 

Proposed Mechanism for the Pyrolytic Degrada- 
tion of Aspirin Anhydride. — Aspirin anhydride (I) 
with high moisture content (lot I) produced acetyl- 
salicoylsalicylic acid (VII) and acetic acid (VIII) in 
large yield as the final products of pyrolytic deg- 
radation. 


O 




CHaC— OH 
VlII 


CH, 


Vll 


The infrared spectra of the carbonyl region for 
as]iirin anhydride pj-rolyticallj’ degraded were 
highly coiisisteul with the carbonyl region spectra 
of Vll plus a partial contribution from the carbonyl 


spectra of acetic acid which was also present. This 
is clearly shown in Fig. 5. 

AVlien large amounts of dry aspirin anhydride 
were heated at 70“ for a period of a week, a melt re- 
sulted. The carbonyl region spectra were not con- 
sistent with VII but with the anhydride of acetyl- 
salicoylsalicylic acid (V) i. e., 2,2'-bis(2-acetoxy- 
benzoyloxy)-benzoic anhj'dride. 


O O 



Initial opinion as based on the I. R. was that the 
melt was slightlj' impure aspirin anhydride, I, since 
the 1,787,5 cm."' band was still prominent although 
reduced in intensity and no band had appeared at 
1,700 cm."* which had been characteristic of the 
pyrolytic end products, i. e,, VH (see Fig. 2). This 
is, of course, inconsistent with the fact of liquefac- 
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represents the pH of a saturated acetylsalicylic 
acid solution 

Garrett (4) extended Edwards’ study to several 
acyl esters of salicylic acid in an attempt to cor 
relate the interdependence of solubility and rate 
of degradation of saturated solutions If the 
degradation of homogenous solution is first order, 
the saturated solution should be zero order 

The hydrolysis of acetylsalicylic acid depends 
upon the amount of acetylsalicjdicacid m solution, 
hence suspensions of acetylsalicylic acid show a 
low degree of hydrolysis relative to the total 
amount of drug in suspension K C James (S') 
found that a 6 per cent unbuffered aqueous ace 
tylsahcyhc acid suspension, after storage for 
forty seven da} s at room temperature contained 
89 per cent of the drug 

Various techniques have been recommended for 
preparing a more stable acetylsalicylic acid solu 
tion Clark (6) developed a formula containing 
potassium citrate that will give a “minimum of 
hydrolysis ’’ Organic solvents such as ethanol, 
propylene glycol, and glycerin solubilize the acid, 
but the disadvantage to their use lies in the fact 
that most patients will not find anv of these sol 
vents palatable Schwarz, cl al (7), have de 
veloped an acetylsalicylic acid elixir which, ac- 
cording to the authors, holds promise as a pedi 
atric preparation The formula recommended 
uses as solvent a blend of ethanol and polyethyl- 
ene glycol 400 At the end of twenty four da} s, 
17 7 per cent of the acetylsalicylic acid hydrolyzed 
in this solvent 

A recent formulation (8) of an acetylsalicylic 
acid suspension has been found “ to be stable 
for one month without excessive hydrolvsis ’’ 
According to the authors, crystalline sorbitol, 
when used in combination with other ingredients 
exerted a pronounced stabilizing effect on the 
suspension Sorbitol has been used to stabilize 


vitamin C and B 12 preparations (9), the action 
being attributed to two possible causes, the re 
duced availability of water in the sorbitol solution 
or complex formation between sorbitol and the 
drug 

The objectives of this investigation were to 
study the kinetics of acetylsalic} he acid suspen 
sions and the effects of various additives on the 
stability of the suspension 

Iliguchi, el al (10, 11), have reported on the 
interaction of acetylsalicylic acid and sahcjlic 
acid with several of the additives used in this 
study 

EXPERIMENTAL- 

Reagents — Reerj stalhzed acetj Isahcvhc acid, 
salicylic acid, calcium gluconate, reagent grade 
phosphoric acid, dibasic sodium phosphate, gljceriii 
and commerci illj available crj stalhiie sorbitol 
pol} ethylene glj col 6000, polj viiij Ipj rrohdone, and 
N methyl 2-p} rrohdone 

Procedure. — An absorption curve for acetjl 
sahevhe acid and salicylic acid nas prepared using 
buffer (pH 3 0) as the solvent Maximum ab 
sorption at this pH occurred at 275 m/i for acetjl 
sahcjhc acid and at 298 mft for sahcjhc acid 
Acetylsahcvhc acid, 6 5 Gm portions, 100 mesh 
and 60 mesh, were accurate!} neighed into 125 ml 
glass-stoppered vide bottom flasks To each flask 
was added 100 ml of buffer solution composed of 3 iV 
phosphoric acid adjusted to pH 3 0 with 3 jV di 
basic sodium phosphate This pH was chosen 
because it is the pH of a saturated acetj Isalicj he 
acid solution At pH 3 0 the solubihtj of acetyl 
sahcjhc acid is approximate!} 4 22 Gm /L (4) 
Buffer solutions were added at the same tempera 
tures used in the hj drolj sis study 

The flasks were immersed m a mechanical shaker 
constant temperature bath accurate to ±0 5° The 
hydrolysis rate was studied o\er a twentv four hour 
period at temperatures of 46, 50, and 60° bj' with 
drawing aliquot portions of the supernatant liquid 
at zero time and at four hour intervals thereafter, 
using a sintered glass funnel attached to a pipet, 
diluting with buffer solution, and analyzing for 


Table I — The Effect of Temperature on the Hxdrolxsis Rate of 
Acetylsalicylic Acid Suspensions" 


Tempera _ 



Mesh 

ture 


_ 

n/i 

Ar 

Mia 

Cal /Deg / 


Size 

“ C 

** 

0^ 

Hr 

Kc^l /Mol 

KCoI 

Mole 

A 

60 

25^ 



11G9 0 

5 204 

18 472 

44 52 


100 




1200 0 

5 221 

18 872 

44 80 

B 

60 

46 




4 474 

18 472 

43 88 


100 





470 

IS 872 

45 14 

C 

60 

50 





IS 472 

44 52 


10 






18 872 

45 81 

D 

6 






8 472 

45 64 


10 






"2 

46 89 

E 

6 







28 89 

F 

6( 







28 31 

G 

6 




9 



"H 28 88 

H 

60 




7 t 



06 

A-D contain 0 




1 
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^ Values at 25 
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and the end products from moist aspirin anh 5 -dride, 
lot I, degradation at 70°, are identical (see Fig 9, A 
and B). 

In addition, acetylsalicoylsalicylic acid (VII) was 
isolated from this pyrolyzed aspirin anhydride and 
identified. 

A comparison of the spectra in chloroform solution 
of 2,2'-bis(2-acetoxybenzoylo.w)-benzoic anhydride 
(V) and aspirin anhydride (I), degraded at 70° for 
forty-eight hours, was almost identical The slight 
spectral difference in the degraded aspirin anhydride 
spectrum can be explained by the presence of a small 
amount of mixed anhydride such as the mi.xed anhy- 
dride of aspirin and acetic acid (II) (see Fig, 9, C 
and D). 

The dashed line in Fig. 9D shows the spectra of 
the mixed anhydride of aspirin and acetic acid (II). 
It is readily seen that the additional high-frequency 
carbonyl band at 1,805 cm.”' in the degradation 
product can be attributed to intermediate mixed an- 
hydrides The mixed anhydrides of aspirin-acetic 
acids and acetylsalicoylsalicylic-acetic acids have 
similar carbonyl frequencies in chloroform solution 
of 1,805, 1,758, 1,753, and 1,805, 1,740 cm.”*, re- 
spectively. Both anhydrides can be represented bj' 
the dashed curve in Fig. 9D, The special drying of 
the aspirin anhydride prior to degradation reduced 
the possibilitj' of hydrolytic decomposition, thus 
making it possible for the mixed anhydrides to per- 
sist longer than usual in this case. The relatively 
short decomposition time combined with ground 
“soft” glass catalysis allowed the existence of mixed 
anhydrides to be detected before their complete 
disproportionation to symmetrical anhydrides. A 
longer period of heating or a higher temperature 
would have led to complete destruction of the mixed 
anhydrides and the formation of the usual decom- 
position end products * 

5 This was shown by the fact that hj’droljsis of the de- 
composition complex by boihng a l*Gm sample with water 
for three hours resulted in a mixture of salicylic aetd, asptnn, 
and acetylsalicoylsalicylic acid by I R analysis These 
products support the proposed mechanism of pyrolysis 


SUMMARY 

1. It is shown that drx- aspirin anliydride in 
the absence of base at 40° and possibU- also at 
50° is stable indefinitely. The pyrolytic de- 
composition of aspirin anhydride is accelerated 
by alkalies or by impurities that will cause as- 
pirin anhydride to melt and come in contact 
with basic surfaces, such as “soft” glass 

2. It is definitely indicated that aspirin 
anhydride crystals are readily solvated, that 
solvation enhances pyrolytic degradation jMi- 
cronization and subsequent dr)'ing fai-or in- 
creased stabilization to heat. 

3. Pyrolytic degradation above 50° does not 
reflect ease of degradation below 35° since as- 
pirin anhydride pj-rolysis has a verj- high heat 
of degradation, i, e., great changes in degrada- 
tion rate with temperature 

4. Infrared investigations of products, iso- 
lated and in the degrading melt, show the pres- 
ence of all possible products of acyl transfer 
In moist sj’stems the end products of the p}’- 
rolysis of aspirin anhydride are acetylsalicoyl- 
salicylic acid and acetic acid In anhydrous 
systems the mixed and symmetrical anhydrides 
of these two acids are the major products 
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The Stability of Acetylsaiicylic Acid in Suspension* 

By SEYMOUR M. BLAUG and JEREMII W. WESOLOWSKI 


The effect of temperature and concentration on the hydrolysis rate of acetylsaiicylic 
acid suspensions was studied. As would be expected for a zero-order reaction 
the more concentrated suspensions showed a longer half-life. The effect of additives 
on the stability of the aqueous suspensions was evaluated. Fiftj- per cent (w/v) 
crystalline sorbitol exerted the most pronounced stabilizing aaion. It raised the 
half-life of an aqueous suspension containing 6.5 Gm. of acetylsaiicylic acid in 100 
ml. of water from 1,748 hours to 3,396 hours at 25°. 


' I ’lie IMMENSITY of the problem involved in pre- 
paring a liquid dosage form of acetylsaiicylic 
acid can be summed up in tlie observation of Fried- 
lander and Feinberg (1) "... Acetylsaiicylic acid 
should never be used in aqueous solution because 
of its instability." Acetylsaiicylic acid in aque- 

•Uccciictl Mav 11, ID'O. from the State Univcrsitj of 
lo«a, Collcpc of I’harmacv\ Iowa City 


ous media will hydrolyze almost completely in 
less than one week. 

Edwards (2, 3) made a thorough study of the 
kinetics of acetylsaiicylic acid hydrolysis. He 
found the hydrolysis rate to be pseudo first order, 
tlie net velocity being a function of sLx possible 
reactions. The pH at which the greatest stabil- 
itj' was obtained was between pH 2-3. This 
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tion. However, Fig. 6 clearly shows that the car- 
bonyl infrared of this large anhydride V is consistent 
with the postulate that the melt is a mixture of I and 
V. Comparison of the curve of Fig. 6 with those of 
Fig. 2 shows that V is consistent with the carbonyl 
spectra of partially degraded material. 

The possibility of the existence of V as an inter- 
mediate in the degradation of moist aspirin anhy- 
dride is also consistent with the forms of the rate 
plots of degradation, particularly in Fig. 4. The 
spectra at 1,700 cm.“> continue to show large 
changes when that at 1,737.5 cm.“’ (or even at 
1,787.5 cm.”' in Fig. 3) shows small or none. This 
indicates the production of an intermediate, prob- 
ably V, which is again transformed, probably by 
water to VII. 

The degradation of the wetter lot I differed from 
lot II by showing a more definitive change in ab- 
sorbance for 1,700 and 1,737.5 cm."'. The absorb- 
ance of lot II remained at much lower values than 
for lot I at these frequencies. 

In a specific case where dry, pure aspirin anhy- 
dride (lot VII) was admixed with powdered soft 
glass and heated at 70°, liquefaction occurred read- 
ils'. After a week, a chloroform solution of ma- 
terial showed a definite shoulder at 1,800 cm."', a 
band of much higher frequency than in the carbonjd 
region of compounds I, V, and VII. 

The possible derivative of aspirin anhydride with 
such a frequency was found to be the mixed anhy- 
dride of acetic acid and acetylsalicylic acid, II. 

O O 

j^-C— O— C— CHa 

yi-OC-CHa 

O 

II 


o o 



c=o 


I 

CHa 

VI 

It is also probable that the mixed anhydride of 
acetic acid and acetylsalicoylsalicylic acid VI would 
have a similar carbonyl spectrum and that the mixed 
anhydride of aspirin and acetylsalicoylsalicylic acid 
HI would have a carbonyl spectrum similar to I 
and V. 


O O 



I 

CHs 

III 


Acetic anhydride (IV) is also a product of the 
pyrolytic degradation of aspirin anhydride. 

O O 

II II 

CH3C— O— C CHs 

IV 

A mechanism for the pyrolytic degradation of 
aspirin anhydride consistent with the above facts 
would be acyl interchange with the ultimate prod- 
ucts prior to hydrolyis, being acetic anhydride (IV) 
and the anhydride of acetylsalicoylsalicylic acid (V). 
A scheme which could represent all possible acyl 
exchanges is given in Fig. 10 where the solid lines 
represent the consequences of acyl exchange of the 
designated compound with aspirin anhydride, which 
should be in excess throughout the major part of 
the degradation. The two arrows from each com- 
pound represent the products of exchange. The 
reverse of the arrowed directions give the other pos- 
sibilities, where one of the products would be aspirin 
anhydride and the other would be the compound at 
the origin of the arrou’S. The dashed lines represent 
the two products of acyl interchange of a compound 
with itself. 

Of course, intramolecular acyl exchange is also 
possible with the monomolecular product of I being 
the mixed anhydride of acetic acid and acetylsali- 
coylsalicylic acid (VI). 

The subsequent products of acyl exchange could 
be as diagrammed in Fig. 11. Two additional pos- 
sible exchanges not covered by Figs. 10 and 11 are: 
VI + II «- III -f IV and VI + III ► I + V. 

The buildup of the anhydride of acetylsalicoyl- 
salicylic acid (VI) and acetic anhydride (IV) as prod- 
ucts of pyrolytic degradation can be readily con- 
cluded from these charts. The presence of ex- 
tremely small amounts of water could yield acetyl- 
salicoylsalicylic acid (VII) and acetic acid (VIII), 
since IV and V in the "melt” are readily hydrolyzed. 

Further Evidence for Acetylsalicoylsalicylic Acid 
(VII) and 2,2'-Bis(2-acetozybenzoyloxy)-benzoic 
Anhydride (V) as End Products of Aspirin Anhydride 
Pyrolysis. — The complete infrared spectra in chloro- 
form solution of acetylsalicoylsalicylic acid (VII) 



Fig. 10. — The products of aC 3 d exchange. The 
solid arrows represent the two products of acyl ex- 
change of a compound with aspirin anhydride. The 
dashed arrows represent the two products of acyl 
exchange of a compound with itself. 



Fig. 11. — The products of acjd exchange from an 
initial intramolecular exchange, I — »• VI. The solid 
arrows represent the two products of acyl exchange 
of a compound with aspirin anhydride. The dashed 
arrows represent the two products of acyl exchange 
of a compound with itself. 
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and the end products from moist aspirin anhydride, 
lot I, degradation at 70°, are identical (see Fig. 9, A 
and B), 

In addition, acetjdsalicoylsalicylic acid (VII) was 
isolated from this pyrolyzed aspirin anhj-dride and 
identified. 

A comparison of the spectra in chloroform solution 
of 2,2'-bis(2-acetoxybenzoylo.':y)-benzoic anhydride 
(V) and aspirin anhydride (I), degraded at 70° for 
forty-eight hours, was almost identical. The slight 
spectral difference in the degraded aspirin anhydride 
spectrum can be explained by the presence of a small 
amount of mi.xed anhydride such as the mixed anhy- 
dride of aspirin and acetic acid (II) (see Fig. 9, C 
and D). 

The dashed line in Fig. 9D shows the spectra of 
the mixed anhydride of aspirin and acetic acid (II). 
It is readily seen that the additional high-frequency 
carbonyl band at 1,805 cm.“> in the degradation 
product can be attributed to intermediate mixed an- 
hydrides. The mixed anhydrides of aspirin-acetic 
acids and acetylsalicoylsalicylic-acetic acids have 
similar carbonyl frequencies in chloroform solution 
of 1,805, 1,758, 1,753, and 1,805, 1,740 cm.“>, re- 
spectively. Both anhydrides can be represented by 
the dashed curve in Fig. 9D. The special drying of 
the aspirin anhj’dride prior to degradation reduced 
the possibility of hj'-drolytic decomposition, thus 
making it possible for the mixed anhydrides to per- 
sist longer than usual in this case. The relatively 
short decomposition time combined with ground 
"soft*’ glass catalysis allowed the e.xistence of mixed 
anhydrides to be detected before their complete 
disproportionation to symmetrical anhydrides. A 
longer period of heating or a higher temperature 
would have led to complete destruction of the mixed 
anhydrides and the formation of the usual decom- 
position end products." 

5 This was shown by the fact that hydrolysis of the de- 
composition complex by boiling a l-Gm sample with water 
for three honrs resulted in a mixture of salicylic acid, aspirin, 
and acctylsalicoylsalicyiic acid by I. R. analj-sis. These 
products support the proposed mechanism of pyrolysis. 


SUMMARY 

1. It is shown that drt- aspirin anhydride in 
the absence of base at 40° and possibly also at 
50° is stable indefinitely. The ptTolytic de- 
composition of aspirin anhydride is accelerated 
bj’ alkalies or b}- impurities that will cause as- 
pirin anhj-dride to melt and come in contact 
with basic surfaces, such as “soft” glass. 

2. It is definitely indicated that aspirin 
anhydride crj-stals are readily solvated, that 
solvation enhances pj-rolytic degradation. Mi- 
cronization and subsequent drj-ing favor in- 
creased stabilization to heat. 

3. Pyrolytic degradation above 50° does not 
reflect ease of degradation below 35° since as- 
pirin anhydride pjTolysis has a verj- high heat 
of degradation, i. e., great changes in degrada- 
tion rate with temperature. 

4. Infrared investigations of products, iso- 
lated and in the degrading melt, show the pres- 
ence of all possible products of acj-l transfer. 
In moist systems the end products of the py- 
rolysis of aspirin anhydride are acetj-lsalicoyl- 
salicjdic acid and acetic acid In anhydrous 
systems the mixed and symmetrical anhydrides 
of these two acids are the major products 
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The Stability of Acetylsalicylic Acid in Suspension* 


By SEYMOUR M. BLAUG and JEREMII W, WESOLOWSKI 

The effect of temperature and concentration on the hydrolysis rate of acetylsalicj'Hc 
acid suspensions was studied. As would be expected for a zero-order reaction 
the more concentrated suspensions showed a longer half-life. The effect of additives 
on the stability of the aqueous suspensions was evaluated. Fifty per cent (w/v) 
crystalline sorbitol exerted the most pronounced stabilizing action. It raised the 
half-life of an aqueous suspension containing <5.5 Gm. of acetylsalicylic acid in 100 
ml. of water from 1,748 hours to 3,396 hours at 25°. 


'T’nn IM-MENSITV of the problem involved in pre- 
-*■ paring a liquid dosage form of acetj-lsalicj-Hc 
acid can be summed up in the obserx-ation of Fried- 
lander and Feinberg (I) " . . . AcetyhaUcylic add 
should never be used in aqueous solution because 
of its instabilit)-.” Acetj-Isalicj-lic acid in aque- 

• Recciveti May 11, 19.50, from the State University of 
iowa, CoUcRc of Pharmacy. Iowa City 


ous media will hydrolyze almost completely in 
less than one week. 

Edwards (2, 3) made a thorough study of the 
kinetics of acetylsalicylic acid hj^droij'sis. He 
found the hydrolysis rate to be pseudo first order, 
the net velocity being a function of six possible 
reactions. The pH at which the greatest stabil- 
itj- was obtained was between pH 2-3. This 
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represents the pH of a saturated acetylsalicylic 
acid solution 

Garrett (4) extended Edwards’ study to several 
acyl esters of salicylic acid in an attempt to cor- 
relate the interdependence of solubility and rate 
of degradation of saturated solutions If the 
degradation of homogenous solution is first order, 
the saturated solution should be zero order 

The hydrolysis of acetylsalicylic acid depends 
upon the amount of acetylsalicylic acid in solution, 
hence suspensions of acetylsalicylic acid show a 
low degree of hydrolysis relative to the total 
amount of drug in suspension K C James (Si 
found that a 6 per cent unbuffered aqueous ace 
tylsalicylic acid suspension, after storage for 
forty seven da 3 's at room temperature contained 
89 per cent of the drug 

Various techniques have been recommended for 
preparing a more stable acetylsahcidic acid solu 
tion Clark (6) developed a formula containing 
potassium citrate that will give a “minimum of 
hydroli'sis ’ Organic solvents such as ethanol, 
propylene glycol, and glycerin solubilize the acid, 
but the disadvantage to their use lies in the fact 
that most patients will not find any of these sol 
vents palatable Schwarz, et al (7), have de 
veloped an acetylsalicylic acid elixir which, ac- 
cording to the authors, holds promise as a pedi 
atnc preparation The formula recommended 
uses as solvent a blend of ethanol and polyethyl- 
ene glycol 400 At the end of twenty four days, 
17 7 per cent of the acetylsalicylic acid hydrolyzed 
in this solvent 

A recent formulation (8) of an acetylsalicylic 
acid suspension has been found “ to be stable 
for one month without excessive hydrolj'sis ” 
According to the authors, crvstalhne sorbitol, 
when used in combination with other ingredients, 
exerted a pronounced stabilizing effect on the 
suspension Sorbitol has been used to stabilize 


vitamin C and Bis preparations (9), the action 
being attributed to two possible causes, the re 
duced availability of water in the sorbitol solution 
or complex formation between sorbitol and the 
drug 

The objectives of this investigation were to 
study the kinetics of acetylsalicylic acid suspen 
sions and the effects of various additives on the 
stability of the suspension 
Higuchi, el al (10, 11), have reported on the 
interaction of acetylsalicylic acid and salicylic 
acid with several of the additives used in this 
studjf 

EXPERIMENTAL 

Reagents — Recrjstalhzed acetj halicvhc acid, 
salicjlic acid, calcium gluconate, reagent grade 
phosphoric acid, dibasic sodium phosphate, glj cerin, 
and commercial!} available crystalline sorbitol, 
polyethylene glycol 6000, pol} vinylp} rrohdone, and 
N methyl 2 p} rrohdone 

Procedure. — An absorption curve for acet}l 
salicylic acid and salicylic acid was prepared using 
buffer (pH 3 0) as the solvent Maximum ab 
sorption at this pH occurred at 275 mp for acet} 1 
sahcflic acid and at 298 m/u for salic}Iic acid 
Acetvlsahc}hc acid, 6 5 Gm portions, 100 mesh 
and 60 mesh, were accurately weighed into 125 nil 
glass-stoppered u ide bottom flasks To each flask 
was added 100 ml of buffer solution composed of 3 A 
phosphoric acid adjusted to pH 3 0 with 3 N di 
basic sodium phosphate This pH was chosen 
because it is the pH of a saturated acetj Isahcyhc 
acid solution At pH 3 0 the solubility of acetyl 
salicylic acid is approximately 4 22 Gra /L (4) 
Buffer solutions were added at the same tempera 
tures used m the hy droly sis study 
The flasks were immersed in a mechanical shaker 
constant temperature bath accurate to ±0 5° The 
hydrolysis rate was studied over a tw enty-four hour 
period at temperatures of 46, 50, and 60° by ivith 
drawing aliquot portions of the supernatant liquid 
at zero time and at four hour intervals thereafter, 
using a sintered glass funnel attached to a pipet, 
diluting with buffer solution, and analyzing for 


Table I — The Effect of Temperature on the Hxdrolvsis Rate of 
Acbtvlsalicvlic Acid Suspensions" 




Tempera 





AS 


Mesh 

ture 


/'A 

AF 

Alla 

Cal /Deg / 


Size 

° C 

k X 103 

Hr 

Kcal /Mol 

KCal 

Mole 

A 

60 

25’’ 

0 154 

1109 0 

5 204 

18 472 

44 52 


100 


0 150 

1200 0 

5 221 

18 872 

44 80 

B 

60 

46 

0 867 

207 6 

4 474 

18 472 

43 88 


100 


0 870 

206 9 

4 470 

18 872 

45 14 

C 

60 

50 

1 71 

105 2 

4 093 

18 472 

44 52 


100 


1 76 

102 2 

4 075 

18 872 

45 81 

D 

60 

60 

7 16 

25 1 

3 273 

18 472 

45 64 


100 


7 35 

24 5 

3 255 

18 872 

46 89 

E 

60 

25'’ 

0 273 

1321 4 

4 863 

13 472 

28 89 

F 

60 

46 

0 913 

395 I 

4 441 

13 472 

28 31 

G 

60 

50 

1 58 

228 3 

4 144 

13 472 

28 88 

H 

60 

60 

5 37 

67 2 

3 462 

13 472 

30 06 


A— D coTitaiii 6 5 Gm acetylsalicylic acid/100 ml F— H contain 13 0 Gm acetylsalicj lie acid/100 ml 
o The AH lomzation for water was calculated to be 12 928 Kcal in the temperature range studied 
^ Values at 25° calculated from knowledge of AH<i 
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salicylic acid spectrophotometricall}' at 298 m/i. 
The same procedure was repeated on suspensions 
containing 13.0 Gm. of 60-niesli acetj-lsalicylic acid. 
All suspensions were prepared in duplicate. Results 
are shown in Table I and in Figs. 1, 2, and 3. The 
thermodynamic values reported in Table I were 
obtained from plotting log h vs. \/T and calculated 
from the following equations: 


(a) AF=-i?r In A' 


(b) 


AF -AfiT 
T 


-A5 


The effect of additives on the stabilit 3 ' of acetj-l- 
salicj'lic acid suspensions was evaluated by preparing 
varying per cent solutions of the agents under inves- 
tigation in the buffer solution. Glj-cerin and sorbi- 
tol were also prepared in distilled water in order to 
e.vplain more fullj' the reported (8) stabilizing action 
of sorbitol on acetylsalicylic acid suspensions. 

Acetjdsalicj’lic acid, 6.5-Gm. portions. 60-mesli. 
were accuratel}’ weighed into 125-ml. glass-stoppered 
wide-bottom flasks. To each flask was added 100 
vnl. of solution of the agent under investigation. 
Solutions were added at 50° and the flasks were 
immersed in a mechanical shaker constant tem- 
perature bath adjusted to 50° (±0.5°). All sus- 
pensions were prepared in duplicate. 

Aliquot portions of the supernatant liquid were 
removed at zero time and at four-hour intervals 
thereafter and diluted with buffer solution to a 
volume which enabled spectrophotomctric determin- 
ation of salicjdic acid. Samples were taken over a 
twenty-four-hour period. Agents studied and re- 
sults are shown in Table II and in Fig. 4. 


Table II. — Effect of Additives on the Hy- 
drolysis OF Acetylsalicylic Acid Suspensions" 


Compound 
Distilled water 
Buffer pH 3.0 
Calcium gluconate'' 
Glj'cerin 
Glycerin'' 

N-Methyl-2-p}Trolidone 
Polj-ethylcne glj-col 6000 
Polyethylene glycol 6000 
Polj’cthylene glj-col 6000 
Pohwini’Ipj'rrolidone 
PohwinylpjTrolidone 
PoIj'vinj’Ipyrrolidone 
Poh-vinj’lp.vrrolidone \ 
N-Methyl-^-pyrrolidoncf 
Polyvinj’lpyrrolidone ) 
N-MethyI-2-pj'rrolidonc/ 
Salicylic acid 
Sorbitol, crj-stalline 
Sorbitol, cr.vstallinc*’ 


Coaccn- 


(.w/v) 

k X 

I'A 

Cr 

rC 

lOi® 

Hr.rf 


1.21 

149 


1.76 

102 

1 

1,93 

93 3 

50 

3.42 

52 6 

50 

1.32 

136 5 

4 

I 78 

90 

3 

0 385 

468 

0 

0 477 

378 

1 

1 0 

180 

1 

0.435 

414 

0.25 

0,98 

204 

0 1 

1 27 

142 

1 



4 

o.'oo 

300 

1 



2 

o.’sV 

316 

0.01 

1.74 

103 5 

50 

1,36 

132.5 

50 

0 625 

288 


o suspensions of 100-mesh acetylsalicylic acid pre- 

p.arcd in pll 3.0 buficr at 50® except wliere otlicnviee noted, 
ti Prepared in distilled water. 

' Obtained from n plot of acetylsalicylic acid concentration 
rs. time. 

d I/- ~ a/21; (fl = initial aceiyls.alicylic acid concentration). 


DISCUSSION 

Accl\’lsalic\’lic acid suspensions prepared in an 
aqueous .solvent c.\-hibited a longer half-life than the 
corresponding suspension prepared in a pH 3.0 



Fig. 1. — Hydrolysis of acetylsalicj'lic acid suspension 
(6.5% w/v). 



Fig, 2. — Hydrolysis of acetylsalicylic acid suspension 
(13% w/v). 


buffer. This was due to the lower final pH (2.5) 
of the unbuffered suspension. 

It was found that the polycth)dene glj’col 6000 
and polyvinjdpv’rrolidone e.\-hibited apparentlj- 
dramatic stabilizing effects on acetjdsalicylic acid 
in suspension. However, on closer investigation it 
was found that an insoluble gumm 3 ' precipitate 
formed which was very difficult to redisperse. 
Previous workers (10, 11) reported that P. E. G. 
6000 and pol3’vin.vlp3Trolidone formed soluble com- 
plc-xes with salic 3 -lic acid at 30°. At the tempera- 
ture used in this study the complex formed probably 
has a lower solubility than it docs at 30°. This will 
be verified in another study now under wa 3 ’. There- 
fore, the hx'drolysis constants obtained are only 
indicative of the salicylic acid not present in the 
insoluble complex. 
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Fig 3 — The effect of temperature on tlie hydrolysis 
rate of acetylsalicylic acid suspensions 

N-Meth5’l-2-pyrrolidone enhanced tfie solubilitj' of 
acetylsalicylic acid, therefore an increase in hy- 
drolysis rate u as observed 

Calcium gluconate accelerated the hydrolysis of 
acetylsalicylic acid in suspension because of the 
high pH of the aqueous solution Tin's was con- 
trary to the reported (12) stabilizing action of cal- 
cium gluconate on aqueous acetylsalicylic acid 
preparations. 

Acetylsalicylic acid suspensions Mere prepared in 
which the supernatant liquid ivas saturated with 
salicylic acid. This procedure was without effect 
on the hydrolysis rate 

The effect of glj'cerin was studied in aqueous and 
buffered suspensions In both cases glycerin was 
found to increase the hj’dro! 3 'sis rate to a signifi- 
cant degree Since the hydrolj’sis rate is directly 
proportional to the concentration of acet 3 'lsalicylic 
acid in solution, the increased hydrol 3 'sis rate was 
probably due to the better solvent action of the 
glycerin-water solution. 

Fifty per cent crystalline sorbitol in aqueous 
acet 3 dsahcylic acid suspension exerted a pro- 
nounced stabilizing action The half-life ivas raised 
from 1,748 hours to 3,396 hours at 25°. Even in 
the buffered suspension there was some stabilizing 
action but it was not as great as in the unbuffered 
suspension. A separate investigation is being 
conducted on the action of sorbitol on the stabiht 3 ’ 
of several medicaments 



HOURS 

Fig. 4 — Hydrolysis of acet 3 'lsalic 3 dic acid suspen- 
sion at 60° in: A, 50% sorbitol (w/v) in water 
B, water alone C, 50% sorbitol (w/v) in pH 3 0 
buffer. D, pH 3 0 buffer alone 


As would be expected for a zero-order reaction the 
more concentrated suspension showed a longer half- 
life Since the li 3 'drol 3 'sis rate is independent of 
the total acetylsalicylic acid concentration and de- 
pendent on the amount of acet 5 'Isalic 3 >lic acid in 
solution, the acet 3 ’lsalic 3 ’lic acid h 3 'drol 3 ’sis would be 
smaller in proportion to the total acet 3 dsalic 3 dic 
acid concentration, for the more concentrated sus- 
pension. 
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Steroidal Sapogenins LV* 

Survey of Plants for Steroidal Sapogenins and Other Constituents 

By MONROE E. WALL, C. S. FENSKH, J. W. GARVIN, J. J. WILLAAfAN, 
QUENTIN JONES, BERNICE G- SCHUBERT, and H. S. GENTRY 

This report covers the fifth 1,000 accessions in a survey of plants for steroidal sapo- 
genins and is thus a continuation of the previous four reports (1-7). Data are given 
for 990 accessions (all but 107 from the United States), representing 147 families, 

547 genera, and 921 species. Few steroidal sapogenins were found, largely be- 
cause of the absence of Agave, Yucca, and Diorcorea; but alkaloids were qualitatively 
identified in 86 species, 45 of which are new to the record. 


^P*His IS A CONTINUATION of the previous reports 
(1-7) on the first four 1,000 accessions. It 
covers the fifth 1,000 plant samples in our survey 
of the plant world for steroidal sapogenins, and 
includes qualitative results for flavonoids, alka- 
loids, tannins, and unsaturated sterols. 

PROCUREMENT 

By 1954 the search for plant sources of steroidal 
sapogenins by the three cooperating federal agencies 
had been in operation for appro.vimately four years. 
Leads developed during this period indicated that 
the three genera, Dioscorea, Agate, and Yucca, were 
the most promising sources of useful steroidal 
sapogenins. Procurement activities in the latter 
part of this period reflected the attention focused on 
these genera and their near relatives. Representa- 
tives of many other families were examined but the 
major emphasis became centered on the Dioscore- 
accae, Ainaryllidaceae, and LiHaccae. 

The present report chronicles a different phase of 
of the program. Species of Dioscorea had been 
settled upon as having the most potential for be- 
coming crop sources of cortical and honnoiial 
analogs. Intensive crop development studies by 
the Crops Research Division, gruided in the selec- 
tion of superior strains b3' chemical evaluations 
supplied by the Eastern Utilization Research and 
Development Division, had naturalb' become an 
increasinglj' important phase of the program. But 
because Dioscorea, Agave, and Yucca iiad by this 
time been rather thoroughly screened for steroidal 
sapogenins, procurement activities were directed 
once more toward a broad survej’ of the higher 
plants with tlie hope of finding a steroid-rich species 
more amenable to crop conditions of the United 
States than arc species of Dioscorea. 

The logical place to look for species which are 
apt to fit crop environments of this countrj- is in 
our native flora. Of the 990 accessions here re- 
ported on, all but 107 were collected in the United 
States. Collecting was concentrated in the Atlantic 

* Received t, J930, from At, E. C. S Fenske. 

J. W, Garvin, nnd J. j. Willatnan of Eastern Regional Rc- 
-scarch Eaboratory. Eastern Uliliration Research and Dc- 
vetonment Division, Articulturaf Research Service, U, S. 
T>cpX. ot Agncnlture, Thliadelphta IS, Ra., and Quentin 
tones, Bcmice G. Sebuhert, and II. S. Gentry of New Crops 
Research Branch, Crops Rc.scarch Division, AKricultural 
Research Service, U. S. Dept of Agricuiturc, Bcitsvillc, Md, 

A substantial part of the cost of pubiicatton of this survey 
was contributed by the United States Department of Agri- 
cullurc. 


States as evidenced by over SOO accessions here 
listed from that area. 

Another reflection of the broadness of the screen- 
ing program during this period is the large number 
of families, genera, and species represented. In- 
cluded are 921 species in 547 genera distributed 
through 147 families. This same pliilosophj' of 
obtaining broad coverage of our native flora con- 
tinues with other areas of the country receiving 
increasing])' more emphasis in our procurement 
activities. 

REVISED ALKALOID PROCEDURE 

In previous reports we were conducting the 
Mayer alkaloid tests on samples in which each mk 
of final test solution was equivalent to 0.2 Gm. of 
original drj- plant sample. Because we were ob- 
taining a much larger proportion of negative alkaloid 
tests than e.\pected from statistical averages, we 
have greatly increased tbe concentrations nsed so 
that 1 ml. of final test solution is equivalent to 4.0 
Gm. of drj' plant material. Thus the revised pro- 
cedure is much more sensitive for the purposes of 
alkaloid screening. 

RESULTS 

A compilation of all data is given in Table I, page 
696, ct seff. Since in the past steroidal sapogenins 
were found mostly in Agave, Yucca, and Dioscorea, 
and since in the present collection these genera were 
represented by only six collections, the table, as 
previously used, lias been modified by the omission 
of the columns concerning sapogenins. Their pres- 
ence is indicated by footnote b and the details are 
reported in the text. 

Saponins. as indicated by hemoij'sis, were found 
in only 10% of the species. This is a surprisinglj' 
low incidence, since in the previous 4,000 accessions 
the occurrence xras 35% of the species exclusive of 
those in Agave, Dioscorea, and Yucca. The follow- 
ing list gives the information on the steroidal sapo- 
genins found; the accession number, tbe plant, the 
plant part, the amount, and kind of sapogenins; 
4127, 4705 Dioscorea dciloidca fDioscoreaceae); r, t; 
0.5 and l.2%\ diosgenin. 4138 Dioscorea qualer- 
uata; r; 0.6%; diosgenin. 4653 Clintania umbellu- 
Inia (Liliarcae); s, r; 0,1%; not determined. 
407S Trillium flcxipcs{Liliaceae); 1 , s, fr; 0,3%; not 
identified. 4713B Cestrum sp. {Solanaccae); fr; 
0.5%; tigogenin. 4743 Tribsilus lerrcstris (Zygo' 
phyllaccac); 1, s, fl; 0.3%; tigogenin. 
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Fig 3 — The effect of temperature on the hydrolysis 
rate of acetylsalicylic acid suspensions 

N-Methjd-2-pyrrolidone enhanced the solubility of 
acetylsalicylic acid, therefore an increase in iiy- 
drolysis rate was observed. 

Calcium gluconate accelerated the hydrolysis of 
acetylsalicylic acid in suspension because of the 
high pH of the aqueous solution. This was con- 
trary to the reported (12) stabilizing action of cal- 
cium gluconate on aqueous acetylsalicylic acid 
preparations. 

Acetylsalicylic acid suspensions were prepared in 
which the supernatant liquid was saturated witli 
salicylic acid. This procedure was without effect 
on the hydrolysis rate 

The effect of glycerin was studied in aqueous and 
buffered suspensions In both cases glycerin was 
found to increase the hydrolysis rate to a signifi- 
cant degree Since the hydrolysis rate is directly 
proportional to the concentration of acetylsalicylic 
acid in solution, the increased hydrolysis rate was 
probably due to the better solvent action of the 
glycerin-water solution. 

Fifty per cent crystalline sorbitol in aqueous 
acetylsalicylic acid suspension exerted a pro- 
nounced stabilizing action The half-life was raised 
from 1,748 hours to 3,396 hours at 25°. Even in 
the buffered suspension there was some stabilizing 
action but it was not as great as in the unbuffered 
suspension A separate investigation is being 
conducted on the action of sorbitol on the stability 
of several medicaments 



HOURS 

Fig 4 — Hydrolysis of acetylsalicylic acid suspen- 
sion at 50° in: A, 50% sorbitol (w/v) in water. 
B, water alone C, 50% sorbitol (w/v) in pH 3.0 
buffer. D, pH 3.0 buffer alone. 


As would be expected for a zero-order reaction the 
more concentrated suspension showed a longer half- 
life Since the hydrolysis rate is independent of 
the total acetylsalicylic acid concentration and de- 
pendent on the amount of acetylsalicylic acid in 
solution, the acetylsalicylic acid hydrolysis would be 
smaller in proportion to the total acetylsalicylic 
acid concentration, for the more concentrated sus- 
pension. 
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for 990 accessions (all but 107 from the United States), representing 147 families, 

547 genera, and 921 species. Few steroidal sapogenins were found, largely be- 
cause of the absence of Agave, Yucca, and Dioscorea; but alkaloids were qualitatively 
identified in 86 species, 45 of which are new to the record. 


' I 'his is a continuation of the previous reports 
■*- (1-7) on the first four 1,000 accessions. It 
covers the fifth 1,000 plant samples in our survey 
of the plant world for steroidal sapogenins, and 
includes qualitative results for flavonoids, alka- 
loids, tannins, and unsaturated sterols. 

PROCUREMENT 

By 1954 the search for plant sources of steroidal 
sapogenins by the three cooperating federal agencies 
had been in operation for approximately four years. 
Leads developed during this period indicated that 
the three genera, Dioscorea, Agave, and Yucca, were 
the most promising sources of useful steroidal 
sapogenins. Procurement activities in the latter 
part of this period reflected the attention focused on 
these genera and their near relatives. Representa- 
tives of many other families were e.\amined but the 
major emphasis became centered on the Dioscore- 
aceae, AimryUidaceae, and Liliaceae. 

The present report chronicles a different phase of 
of the program. Species of Dioscorea had been 
settled upon as having the most potential for be- 
coming crop sources of cortical and hormonal 
analogs. Intensive crop development studies by 
the Crops Research Division, guided in the selec- 
tion of superior strains by chemical evaluations 
supplied by the Eastern Utilization Research and 
Development Division, had naturally become an 
increasingly important phase of the program. But 
because Dioscorea, Agave, and Yucca had b\' this 
time been rather thoroughly screened for steroidal 
sapogenins, procurement activities were directed 
once more toward a broad survey of the higher 
plants with the hope of finding a steroid-rich species 
more amenable to crop conditions of the United 
States than arc species of Dioscorea. 

The logical place to look for species which arc 
apt to fit crop environments of tliis country is in 
our native flora. Of the 990 accessions here re- 
ported on, all but 107 were collected in the United 
States. Collecting was concentrated in the Atlantic 

* Received August 4, 1050. from M. E. Wall, C S Fenske, 
J. W. Garvin, and J J Willaman of Eastern Regional Re- 
scarcii Laboratory, Eastern Utilization Research and De- 
velopment Division, Agricultural Research Service, U. S 
Dept, of Agriculture. Philadelphia IS, Pa , and Quentin 
Jones, Bernice G Schubert, and H. S Gentry of Xcw Crops 
Research Branch, Crops Research Dixision. Agricultural 
Research Service, U. S Dept of Agriculture, Bcltsville, Md, 

A substantial part of the cost of publication of this survey 
was contributed by tlie United States Department of Agn* 
culture. 


States as evidenced by over SOO accessions here 
listed from that area. 

Another reflection of the broadness of the screen- 
ing program during this period is the large number 
of families, genera, and species represented. In- 
cluded are 921 species in 547 genera distributed 
through 147 families. This same philosoplij' of 
obtaining broad coverage of our native flora con- 
tinues with other areas of the countrj" receiving 
increasingly more emphasis in our procurement 
activities, 

REVISED ALKALOID PROCEDURE 

In previous reports we were conducting the 
Mayer alkaloid tests on samples in which each ml 
of final test solution was equivalent to 0.2 Gm. of 
original dry plant sample. Because we were ob- 
taining a much larger proportion of negative alkaloid 
tests than expected from statistical averages, we 
have greatly increased the concentrations used so 
that 1 ml. of final test solution is equivalent to 4.0 
Gm. of dry plant material. Thus the revised pro- 
cedure is much more sensitive for the purposes of 
alkaloid screening. 

RESULTS 

A compilation of all data is given in Table I, page 
696, cl scq. Since in the past steroidal sapogenins 
were found mostly in Agave, Yucca, and Dioscorea, 
and since in the present collection these genera were 
represented by only six collections, the table, as 
previously used, has been modified by the omission 
of the columns concerning sapogenins. Their pres- 
ence is indicated by footnote h and the details are 
reported in the text. 

Sapoiiins, as indicated bj' hemolysis, were found 
in only 10% of the species. This is a surprisingly 
low incidence, since in the previous 4,000 accessions 
the occurrence was 35% of the species exclusive of 
those in Agave, Dioscorea, and Yucca. The follow- 
ing list gives the infonnation on the steroidal sapo- 
genins found; the accession number, the plant, the 
plant part, the amount, and kind of sapogenins: 
4127, 4705 Dioscorea dclloidca (Dioscorcacear); r, t; 
0.5 and 1.2%; dio.sgcnin. 4138 Dioscorea qualer- 
nala; r; 0.5%; diosgenin. 4653 Clinlonia umbellu- 
lala {Litiaccac); 1, s, r; 0.1%; not determined. 
4G7S Trillium jiexipes (.Liliaceae); 1, s, fr; 03%; not 
identified. 4713B Ccslriim sp, (Solanaecae); fr; 
0.5%; tigogenin. 4743 Tribulus terresiris (Zyeo- 
phyllaceac); 1, s, fl; 0.3%; tigogenin. 
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Corrections on Accessions 


Corrections on Second 1,000 Accessions (4) 


Page 

Acces 

No 

Should Read 

14 

1997 

Dwscorea spicuhflora 

14 

1999 

DiDscorca florihwida 

27 

1709 

Cercocarpus 

Corrections on Third 1,000 Accessions (6) 

Acccs. 

Page 

No 

Should Read 

4 

2328 

Agave lechegmila, var. Dtoscorca 

13 

2249 

Mexicana 


Corrections on Fourth 1 000 Accessions (7) 


Page 

Acccs 

No 

Should Read 

655 

3341 

Agave dcscrii 

656 

3104 

Agave roezliaua 

665 

3112 

'Dxoscorea floTihunda 

665 

3115 

Dtoscorca florthunda 

665 

3129 

Dtoscorca plutmfero 

665 

3168 

Dtoscorca flortbunda 

665 

3174 

Dtoscorca cf. flortbunda 

666 

3358 

Dtoscorca bulbtfera 

686 

3359 

Dtoscorca bulbtfera 

666 

3360 

Dtoscorca bulbtfera 

666 

3369 

Dtoscorca Mexteatta 

668 

3547 

Dtoscorca flortbunda 

668 

3551 

Dtoscorca flortbunda 

669 

3736 

Dtoscorca convolvtdacea 

669 

3737 

Dtoscorca convolvulacca 

669 

3738 

Dtoscorca convolvulacca 

669 

3739 

Dtoscorca densiflora 

669 

3742 

Dtoscorca n sp 

669 

3745 

Dtoscorca convolvulacca 

669 

3746 

Dioscorca convolvulacca 

669 

3748 

Dtoscorca Mexicana 

669 

3749 

Dtoscorca convolvulacca 

669 

3751 

Dtoscorca galcotliana 

669 

3755 

Dtoscorca lobata var morelosana 

670 

3758 

Dioscorca convolvulacca 

670 

3849 

Acalypha sp 

670 

3950 

Acalypha sp 

670 

3057 

Alcliornea 

673 

3586A 

Yucca filamentosa 

678 

3276 

Tn Phylolaccaccae 

678 

3681 

Polysiicltum acrosltchotdcs 

679 

3118 

Poternim sangutsorba 


Flavonoids i\ere found in 96 species, of which at 
least half seem to be new to the record 

Alkaloids w ere found m 86 species, an incidence of 
about 9% of the total This is higher than noted in 
previous series, due largely to the change in tech- 
nique mentioned above Most of the species were 
wild plants growing in the eastern United States 
Some 45 species are new to the record. 

Tannins were again conspicuously absent from 
150 species of Compositae There were no note- 
worthy occurrences of tannin e.\cept in Rhus, and 
here it is expected 

Unsaturated sterols have proved to be so ubi- 
quitous that the test for them was made on only a 
portion of the accessions 
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A Pharmacological Study of Gamma-Thujaplicin^ 

By JOHN E. HALLIDAY 

Gamma-thujaplicin (2-hydroxy-5-isopropyI-2,4,6-cycloheptatrien-l-one), a tro- 
polone derivative occurring in western red cedar, has been studied pharmacologi- 
cally in the form of its sodium salt (T-Na). it has been found to exert a combination 
of stimulant and depressant actions on the mammalian central nervous system and 
only depression in frogs. Stimulant effects, in the form of convulsions shown to be 
of cerebral origin, are evident only in untreated animals. Certain signs of depression 
can also be observed in untreated animals while further depressant actions are re- 
vealed only in animals which have been treated with narcotic drugs. T-Na reduces 
the responses of isolated frog skeletal muscle and antagonizes the action of some 
stimulant drugs on isolated intestinal muscle. 


AMMA-THUjAPLiciN (2-hydroxy-5-isopropyl- 
2,4,6-cydoheptatrien-l-one) is one of three 
isomeric isopropyltropolones which occur in the 
heartwood of western red cedar {Thuja phcata 
D Don ). The term tropolone is used to desig- 
nate the seven-membered carbon ring compound 
2-hydroxy-2,4,6-cydoheptatrien-l-one, deriva- 
tives of which are relatively rare in nature. The 
thujaplicins, which were the first naturally- 
occurring compounds to be characterized con- 
dusivdy as monocyclic tropolones (1) and are the 
simplest of the natural tropolone derivatives, 
have the following structures: 



a-ThujapIicin /3-ThujapIicin -yThujapli- 

cin 

Other substances found in nature containing the 
tropolone structure indude the mold metab- 
olites stipitatic and puberulic acids, and tlie 
alkaloid colchidne (2). 


* Recel^ed June 29, 1959, from the Faculty of Pharmacy, 
Uni\ersity of Bntish Columbia, Vancouver, Canada 

Presented to the Fifth Canadian Conference on Pharma 
ceutical Research, Edmonton, Alberta, August 1958 

This work, was partially supported by a grant from the 
Canadian Foundation for the Advancement of Pharmacy 
The author is indebted to Dr J G Gardner of the Van- 
couv er Laboratory, Forest Products Laboratories of Canada, 
for supplies of 7 thujaplicin used in this study, and to Mr 
J G Moir for assistance in preparing photographs 

Appreciation is expressed to Abbott Laboratories Ltd , 
Ciba Company Ltd , .Montreal, and to E R Squibb 8. Sons 
of Canada Ltd , for suppljing some of the drugs used in this 
investigation 


The chemistry of the thujaplicins and other 
tropolone derivatives has been studied quite 
extensively (2, 3). Antimicrobial studies of the 
thujaplicins have shown that all of the isomers 
possess antifungal and antibacterial properties 
and it is interesting to note that their antifungal 
activity has been given as the reason for the 
durability of cedar wood (4, 5, 6). The only 
pharmacological studies of thujaplicins which 
have been reported appear to be those by Lee 
(7, 8, 9) and other Japanese workers (10, 11, 12) 
on /3-thujaplicin. This isomer is commonly 
called hinokitiol by the Japanese, who obtain it 
from the tree known as Formosan hinoki (Cha- 
maecyparis laiwensis, Masamune et Suzuki — 
Chamaecypans obliisa, Sieb et Zucco F. Formo- 
sana, Hayata) Lee found that its actions were 
largely depressant in nature though low concen- 
trations may stimulate some organs, e g , iso- 
lated heart and rabbit uterus. It was suggested 
by Katsura (13), who has summarized Lee’s 
work, that ^-thujaplicin is a nerve-muscle 
poison related in its actions to camphor and thu- 
jone, and other terpene compounds Since there 
is a lack of pharmacological information on 
7 -thujaplicin, and since supplies of this isomer 
were available, the present investigation was 
undertaken. 

Gamma-thujaplicin was obtained as a white 
crystalline substance melting between 79 and 
80° As the free substance is only slightly 
soluble in water, the sodium salt was used in the 
experiments described here This was precipi- 
tated from a concentrated solution of y-thuja- 
plicin in alcohol by the addition of a freshly 
prepared alcoholic solution of sodium ethylate. 
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The precipitate was collected and dried, then 
powdered and washed with successive portions 
of anhydrous ether, and again dried, to give a 
yellow powder. y-Thujaplidn sodium (T-Na) 
dissolves readily in water to form alkaline solu- 
tions, the pH of a ]% solution being 8.4. 

experimental procedures and 

RESULTS 

Effects in Intact Animals. — Most of the observa- 
tions of the effects of T-Na in intact, conscious 
animals were made following injection of a 1 or 5% 
aqueous solution into Swiss albino mice, Sprague- 
Dawley rats, and rabbits. Six cats and two dogs 
were also injeeted. 

In all five species of mammals T-Na produced 
convulsions of a mixed clonic and tonic type. 
Doses producing convulsions in the various species, 
expressed as mg. per Kg. of body weight, were: mice 
and rats, i. p., 75 to 100, oral, 150 or more; rabbits 
i. V., 25 to 40; cats i. p., 50 to 70; dogs i. v., 30 and 
40. Depending on the dose, one to several convul- 
sive seizures occurred, lasting from five to fifteen 
seconds and recurring at intervals which varied from 
fifteen to ninety seconds. The convulsions were 
preceded by a brief period of ataxia and followed by 
symptoms of depression which included slowing of 
reflexes, decrease in muscle tone and in voluntary 
movement, and absence of certain placing reactions, 
such as the dorsal contact reaction, the chin reac- 
tion, and the edge reflex. During this period the 
animals would lie either prone or on one side, with 
limbs extended and somewhat flaccid. No attempts 
to move or regain a normal position were made. 
When the larger animals were placed on their feet 
they collapsed again to a lying position. Righting 
reflexes were reduced but not abolished. In rodents, 
a decrease in respiratory' rate, usually accompanied 
by an increase in respiratory depth, was also ob- 
served. In animals in which these effects were 
marked, the appearance was one of slow, labored 
breathing. The duration of the postconvulsive de- 
pression varied with the dose, most signs of depres- 
sion disappearing within twents' minutes following 
the last seizure. In rodents, respiration was the last 
function to return to normal, often taking one to 
three hours. When death occurred from the larger 
doses, it was always during the post-convulsive de- 
pressive stage following a period of gradually de- 
clining respiratory activity, and never during the con- 
vulsive seizure as is the case with such convulsive 
agents as metrazol. 

T-Na was also administered to frogs, either by way 
of the dorsal lymph sac or via the abdominal vein. 
Here the effect of T-Na was one of depression only. 
Doses of 50 to 500 mg. /Kg. caused the frogs to slump 
to a prone position with reduced reflex activity and 
respiratory movements, but no initial stimulant 
effect was observed. Death occurred in all frogs 
which received more than 100 mg. /Kg. 

Acute Toxicity and Convulsive Dose in Mice. — 
The iutrapcritoncal LDm and CDm (50% convulsive 
dose) were determined in Swiss albino mice which 
had been fasted for twelve hours. For each deter- 
mination seven groups of 10 mice each were used. 
.411 deaths were recorded which occurred during a 
period of four days following administration of T-Na. 


The mice in whicli death was delayed were in a state 
of depression, following convulsions, which deepened 
progressively, terminating in respiratory paralysis. 
There were no deaths after the fourth day'. When 
calculated according to the graphic method of Miller 
and Tainter (14) the intraperitoneal LD® was found 
to be 162 ± 3.2 mg./Kg. and the intraperitoneal 
CDso 73.5 ± 1.8 mg./Kg. 

Site of Convulsive Action. — Six Sprague-Dawley 
rats, after ligation of the common carotids under 
ether anesthesia were decerebrated according to 
methods described in the literature (15, 16). Five 
other rats, with the common carotids ligated but 
othenvise intact, served as controls. After allowing 
at least two hours to elapse for elimination of ether, 
T-Na was administered intraperitoneally. Doses 
from 150 to 300 mg./Kg. failed to elicit convulsions 
in any of the decerebrate rats though convulsions 
were produced in all of the control rats, including 
two rats in which the dose was only 100 mg./Kg. 
Decerebrate rigidity, which was present to a marked 
degree in three of the decerebrate rats and to a 
lesser degree in the others, was not significantly 
altered by T-Na. These results, which indicate a 
cerebral site for the convulsant action of T-Na, 
were supported by observations in four decere- 
brate cats used in later experiments for reflex 
studies. No convulsive activity was produced in 
any of these cats by intravenous doses of from 40 
to 75 mg./Kg. 

Interaction of T-Na with Hypnotic Agents. — 
The possibility that the convulsive action of T-Na 
would antagonize the action of hypnotic drugs 
was investigated by determining its effect on the 
sleeping times of mice following administration of 
pentobarbital sodium, thiopental sodium, and 
chloral hydrate. For comparison with a known 
analeptic agent, the effect of metrazol on the 
sleeping time was also determined. Ten mice were 
used at each dosage level. T-Na was injected 
intraperitoneally immediately following adminis- 
tration of the barbiturates and ten to fifteen minutes 
following administration of chloral hydrate. Sleep- 
ing time was taken as the period from the time 
the mice first could be placed on their backs until 
they could turn from their backs to an upright 
position. The results, shown in Table I, indicate 
that T-Na does not possess analeptic properties. 
In fact, an apparent prolongation of sleeping times 
occurred in some groups when T-Na was adminis- 
tered. 

Action on Spinal Reflexes.— The possibility that 
musele hypotonia seen in animals which had been 
given T-Na was due to depression of interneuronal 
transmission of impulses was investigated bv de- 
termining the effect of T-Na on the flexion reflex 
in the cat. Six experiments were performed on cats 
lightly anesthetized with 0.75 cc. to 0.80 cc. of Dial' 
with urethane per Kg. Four experiments were 
performed on decerebrate cats and six on spinal 
cats, prepared under ether anesthesia according to 
methods described by Burn (17). Artificial respira- 
tion was maintained by means of a Palmer variable 
stroke Ideal respirator pump. The method of re- 
cording the flexion reflex was a modification of 
those described by Slater, ct al. (18), and Kaada 
(19) with reflex contractions of the anterior tibealis 
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Table I. — Effect of T-Na on Duration of Sleeping Times 
Produced by Central Depressants in Mice 



T-Na, 

Metrarol, 



Depressant 

mg./Kg., 

mg./Kg,. 

No. of 


Dose and Route 

i. P 

1. P. 

Mice 

Sleeping Time, rain. ± S. D. 

Thiopental Na, 



10 

14.5 ± 11.5 

50 mg./Kg., i.p. 

50 


10 

21.2 ± 14.8 


100 

. . 

10 

54.3 ± 22.7 


200 


6- 

245.8 ± 22.9 



50 

10 

3,8 ± 3.5'’ 

Pentobarbital Na 



10 

113.3 ± 47.6 

75 mg./Kg., i.y. 

50 


10 

122.6 ± 53.1 


100 


10 

106.3 ± 26.8 


200 


10 

208.5 ± 79.6 



100 

10 

36.6 ± 21.0 

Chloral Hydrate 



10 

58.0 ± 22.8 

400 mg./Kg., i.p. 

50 


10 

101.3 ± 40.5 


100 


10 

221.9 ± 70.0 


200 


5' 

261.4 ± 56.7 



100 

10 

10.3 ± 6.2 


o- Number of survivors out of 10 mice injected. 

^ Mean sleeping time for 5 mice, the remaining 5 mice of this group did not lose the righting reflex. 
« Number of survivors out of 10 mice injected. 


muscle being elicited bj' stimuli applied everj' 
twenty-five seconds through a shielded electrode 
secured to the central end of the cut tibeal nerve. 
In six experiments responses of the opposite tibe- 
alis anterior to stimuli applied at twenty-five- 
second intervals to tlie peripheral end of the cut 
sciatic nerve were recorded concurrently with the 
flexion reflex. Tlie stimulus used for eliciting the 
flexion reflex consisted of a tetanic induction shock 
of approximately 0.5 seconds duration from an 
inductorium; single break shocks were used for 
sciatic nerve stimulation. In the decerebrate and 
spinal cats at least two hours were allowed to 
elapse between removal of ether and beginning the 
record. The effect of T-Na was compared to that 
of mephenesin, a drug knomi to inhibit internuncial 
transmission. Both drugs were injected intrave- 
nously. 

In the anesthetized cats, T-Na in doses of 30 and 
40 mg /Kg. inhibited the fle.xion reflex to a degree 
comparable to that produced by similar doses of 
mephenesin (Fig. 1). In the decerebrate and spinal 
cats however, T-Na had an insignificant depressant 
action compared ivith that produced b}- mephene- 
sin (Figs. 2 and 3). T-Na had no effect on the 
responses of the contralateral muscle to stimulation 
through its motor nerve. 

Action on Frog Peripheral Nerve and Skeletal 
Muscle. — The nerve muscle preparation used here 
consisted of the iliofibularis muscle with its attached 
motor nerve and parent sciatic trunk, of which the 
method of isolation and use have been described by 
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Fig. 1. — ^Anesthetized cat. Action of T-Na and 
mephenesin on tibealis anterior responses. 



Fig. 2. — Decerebrate cat. Action of T-Na and 
mephenesin (M) on flexion reflex. 
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Fig. 3. — Spinal cat. Action of T-Na (T) and 
mephenesin (3/) on fle.xion reflex. 


Quilliam (20). Contractions were recorded with 
the preparation immersed in oxygenated frog 
Ringer’s solution contained in a Palmer horizontal 
muscle chamber. When nerve and muscle were to 
be isolated, one from the other, the bath was divided 
by a specially constructed plexiglass partition. 
Stimuli consisted of single break shocks from an 
inductorium and were applied either directly to the 
muscle, to the motor nerve, or alternately to nerve 
and muscle at thirty-second intervals. 

When T-Na was mixed into the bathing solution a 
gradual decline in the height of the muscle contrac- 
tions occurred. If T-Na was left in the bath long 
enough the responses would decline eventually to 
zero or close to it. Recovery was slow, even after 
repeated washings, and seldom did the contractions 
regain the original height. Depression of responses 
occurred whether the muscle was stimulated directly 
or via its motor nerve, though responses to nerve 
stimulation were affected to a greater degree. When 
the nerve and muscle were in separate baths it 
was shown that the greater susceptibility of in- 
directly elicited responses was not due to depression 
of conduction in the motor nerve (Fig. 4). 

Action on Blood Pressure and Heart Rate. — 
Blood pressure was recorded from the carotid artery 
in four cats and three dogs, anesthetized with pen- 
tobarbital sodium. Heart rate was determined 
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Fig. 4. — Isolated frog sciatic nerve-ilio-fibularis 
muscle preparation, nerve and muscle in separate 
chambers. Stimulus applied alternately to nerve or 
to muscle directly. This record shows the effect of 
T-Na 20 mg. % (r20) and of T-Na 10 mg. % (TIO) 
when added to nerve chamber (« ) or to muscle cham- 
ber (»i)- The m above the record indicates that the 
higher responses are those due to direct stimulation 
of the muscle. 

from cardiograms recorded from lead II on an Edin 
electronic cardiograph, model 210. Intravenous 
injection of T-Na in doses of 25 to 50 mg. /Kg. 
produced a temporary fall in blood pressure accom- 
panied by a decrease in heart rate. The extent and 
rapidity of the fall in blood pressure, for a given 
dose, varied with the speed of injection. Both 
effects were more pronounced in cats than in dogs. 
Large doses (50 mg./Kg.), whether injected rapidly 
or slowly, caused complete paralysis of respiration. 
This effect was reversible and respiratory function 
returned after periods of fifteen to twenty minutes 
on artificial respiration (Fig. 5). The hypotensive 
effect remained unchanged after atropinization or 
bilateral section of the vagus. Responses to carotid 
occlusion and to injected epinephrine were not 
altered by an immediately previous injection of 
T-Na. 

Action on Isolated Intestine. — Segments of ileum 
from rabbits and guinea pigs were suspended in a 
50-cc. muscle chamber containing oxygenated 
Tyrode’s solution and recordings made of their 
longitudinal contractions. The effect of T-Na 
was determined on spontaneous contractions and on 
the responses to the following intestinal stimulants; 
acetylcholine chloride, histamine acid phosphate, 
nicotine sulfate, barium chloride, and 5-hydroxy- 
tryptamine creatinine sulfate (serotonin). The 
final concentrations of the drugs in the muscle 
bath arc expressed as mg. % of these salts. 

In concentrations of 5 and 10 mg. % T-Na 
depressed spontaneous contractions of both rabbit 
and guinea-pig ileum with little or no effect on tone. 
On rabbit intestine, depression of spontaneous 
movements was much more pronounced when the 
contractions were of high magnitude. The re- 
sponses to all of the stimulant drugs were inhibited, 
but not to the same extent, the responses to nicotine 
being inhibited most easily. On rabbit ileum this 
difference was such that T-Na appeared to be 
almost a selective antagonist of nicotine (Fig. 6 ). 
On guinea-pig ileum (Fig. 7) and when higher 
concentrations were used on rabbit ileum, a selective 
action against nicotine was less obvious. 

DISCUSSION AND SUMMARY 

The experimental evidence obtained in this 
investigation indicates that 7 -thujaplicin sodium 
exerts a mixture of stimulant and depressant 
actions on the central nervous system of mam- 
mals. The stimulant component of its action is 
evident only in conscious animals and is manifested 



Fig. 5. — Anesthetized cat. Action of T-Na ( T) on 
respiration, blood pressure, and heart rate (H. Jt.). 
In B and C artificial respiration was maintained until 
spontaneous respiratorj’ movements were evident. 
Twenty minutes elapsed between A and B, sixteen 
minutes between B and C. 



Fig. 6 . — Isolated rabbit ileum. Effect of 10 mg. % 
T-Na (T) on responses to 150 meg. % nicotine sul- 
fate (N), 4 meg. % acetylcholine [A ), and 25 mg. % 
barium chloride (B). \V is wash. Drum stopped 
at S. 



Fig. 7. — Guinea ileum. Effect of 5 mg. % T-Na 
( T) on responses to nicotine 500 meg, % (N), acetyl- 
choline 4 meg. % (/I ), and serotonin 100 meg. % (■5). 
IFis wash. 

by convulsions which have been shown to be of 
cerebral origin. In this respect T-Na is similar to 
other volatile, cyclie ketones from natural sources, 
such as camphor and thujone. The depressant 
component of the action of T-Na appears to affect 
various levels of the mammalian central nervous 
system. The abolition of placing reactions observed 
in rats, rabbits, and cats indicates that cortical 
areas arc depressed since a strictly localized cortical 
control of these reactions has been demonstrated in 
the cat by Bard (21) and in the rat by Brooks (22). 

In rodents, there was a suggestion that respiratory 
centers might be depressed by T-Na. Other 
depressant effects, which could be observed only 
when T-Na was given to previously’ narcotized 
animals, included the respiratory’ paralysis produced 
in pentobarbitalized cats and dogs, and the inter- 
neuronal blockade seen in anesthetized cats but not 
in spinal and decerebrate cats. 

The results of the experiments in which T-Na 
was administered in conjunction with depressant 
drugs to mice show that T-Na is of no value as an 
analeptic. Toxic effects are involved in the altera-r,^ 
tion of sleeping times by the 200 mg./Kg. d ' 

T-Na. The prolongation of thiopental and 
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hydrate sleeping times by T-Na in doses of 50 and 
100 mg /Kg. ma}’ be further evidence of a central 
depressant action for T-Na However, since lower 
doses did not alter the sleeping times of all of the 
depressants used, it cannot be generally concluded 
that nontoxic doses of T-Na prolong sleeping times 
produced by depressant drugs 

It has been reported that the central stimulant 
drugs picrotoxin and metrazol also possess some 
central depressant action (23), but compared with 
these useful analeptics, T-Na would appear to have 
a much higher ratio of depressant to stimulant 
activity 

In frogs, the depressant action of T-Na is predom- 
inant and no signs of stimulation could be seen 
when the drug was injected intravenously or intra- 
lymphatically There may be a similarity here to 
the action of camphor, which produces a pro- 
nounced paralytic action on the spinal cord of frogs 
which entirely obscures other actions it may have 
higher up in the nervous system (24) 

On other organs and systems which were studied, 
T-Na exhibited only depressant effects The 
temporary hypotension seen in anesthetized cats 
and dogs, and which was intensified when the 
drug was rapidly injected, seems most likely to be 
due to a direct depression of the myocardium re- 
sulting from its exposure to high concentrations of 
T-Na A central vagal action is ruled out by the 
persistence of the hypotensive response after 
atropinization and bilateral section of the vagi 
Interruption of sympathetic pathwaj's does not 
seem likely since the responses to carotid occlusion 
and exogenous epinephrine were not altered by 
T-Na On the other hand, bradycardia following 
injection of T-Na paralleled the hypotensive re- 
sponse 

Although there was no evidence that T-Na 
inhibited neuromuscular conduction in the cat 
anterior tibealis tn situ, there was a suggestion of 
such an action on the isolated frog nerve-muscle 
preparation On this preparation, contractions due 
to stimulation of the motor nerve were reduced to a 
greater degree than those due to direct stimulation 
of the muscle This, together with the fact that T- 
Na did not inhibit conduction in the motor nerve, 
would appear to indicate a depressant effect at the 
neuromuscular lunction This action, however, is 
not a potent one and dev'elops sloivly It maj”^ be 
that another point of similarity in the actions of 
T-Na and camphor is indicated here, since camphor 
has been reported to produce neuromuscular 
paralysis in frogs but not in mammals (25) 

The depressant effect of T-Na on intestinal muscle 
obviously is not due to an atropine-like mechanism 
since atropine antagonizes exogenous acetylcholine 
more readily than it does nicotine, and furthermore, 
it does not prevent the stimulating effect of nico- 
tine on rabbit intestine (26, 27, 28) On both guinea- 
pig and rabbit intestine, T-Na inhibited responses 
to nicotine more easily than those to other intestinal 
stimulants Since nicotine is the only one of the 
stimulant agents which, when applied e.xogenously, 
acts primarily to stimulate ganglia, it appears that 


T-Na, as well as depressing intestinal muscle, 
exerts also a depressant effect on myenteric ganglia 
Naess and Schanche attributed a similar tj-pe of 
action on guinea-pig intestine to barbiturates, 
which they found to inhibit nicotine responses more 
than those of other stimulant drugs (29). In view of 
the relatively high concentrations of T-Na required 
and the dissimilarity of structure between it and 
potent ganglionic-blocking agents such as he\a- 
methoniura, T-Na does not likely act as a competi- 
tive inhibitor at the ganglia Instead, this action is 
looked upon as another example of the general depres- 
sive action which has been exhibited on other tissues 
by T-Na. 

Although no attempt was made in this investiga- 
tion of 7 -thujaplicin to duplicate the experiments by 
Lee (7, 8, 9) on ;3-thujaplicin, a limited comparison 
of central actions may be made Lee’s reports 
indicate that on the central nervous system of mice, 
guinea pigs, and rabbits, /S-thujaplicin, like T-Na, 
produces a combination of stimulant and depres- 
sant effects In the case of the beta isomer how- 
ever, the depressant component of the central 
action appears to be more predominant For ex- 
ample, Lee’s results show that subcutaneous doses of 
500 mg /Kg of /3'thujaplicin often caused death 
in guinea pigs without previous convulsions. 
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Veratrum Alkaloids XXXV‘ 


The Hypotensive Principles of Cryptenamine, A Veratrum viriae 

AUcaloid Preparation 

By S. MORRIS KUPCHAN and NORBERT GRUENFELDf 

Cryptenamine has been reported to have a more fa'v orable ratio of emetic to hypoten- 
sive dose than other veratrum preparations, and the advantageous ratio has been at- 
tributed to the presence of new hypotensive alkaloids. Cryptenamine was frac- 
uonated with the aid of partition column chromatography, adsorption column chro- 
matography, and paper partition chromatography. The known hypotensive alka- 
loids protoveratrine A, protoveratrine B, germitrine, neogermitrine, gerraerine, and 
germidine were isolated. In addition, the relatively nonhypotensiie alkaloids jer- 
vine, rubijervine, isorubijervine, and an apparently new noncarbonyl alkamine were 
obtained. Paper chromatographic etidence suggesting the presence of the hjpo- 
tensive alkaloids germbudine and neogermbudine and the relatively nonhypotenstie 
veratramine was also obtained. 


"Pure veratrum alkaloids and their prepara- 
tions have been administered in recent years 
for the treatment of hypertension The deter- 
rent to the wider use of these agents in therapy is 
the narrow range between their therapeutic and 
emetic doses (1) 

Cryptenarmne, an alkaloidal preparation ob- 
tained from Veratrum vtride by a nonaqueous 
benzene tnethylamine extraction procedure has 
been reported to have a ratio of emetic to effective 
hypotensive dose superior to that of other vera- 
trum preparations (2-5) In humans, the diver- 
gence between the hypotensive and the emetic 
doses was most apparent on intravenous ad- 
ministration (5) The satisfactory ambulatory 
treatment of arterial hypertension by oral ad- 
ministration of cryptenamine has also been re- 
ported (6) However, Abreu, et al (7), reported 
in 1954 that cryptenamine did not demonstrate a 
ratio of emetic to hypotensive dose superior to 
that of protoveratrine A when tested in dogs 
The advantageous pharmacological properties 
of cryptenamine have been attributed to the 
presence of new amorphous hypotensive ester 
alkaloids reportedly lost by hydrolysis during the 
alternative aqueous ammonia-benzene extraction 
procedure (2-4) It was the purpose of this in- 
vestigation to identify the components of cryp- 
tenamme uliicli are responsible for its hypoten- 
sive activity 

EXPERIMENTAL 

Melting points are corrected for stem exposure 
t'alues of [ajn liaie been approximated to tlie near- 
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cst degree Ultrax lolet absorption spectra m ere 
determined m 95% ethanol on a Car}' recording 
spectrophotometer (model IIMS) Infrared spec- 
tra were determined in chloroform solution (unless 
otherwise specified) on a Baird double beam infra- 
red recording spectrophotometer Paper chroma- 
tography was conducted b) the descending tech- 
nique on MTiatman No 1 paper Microanalj ses 
were earned out by Dr S M Nag>' and his asso 
ciates at the Massachusetts Institute of Technologx 
and Huffman Microanah tical Laboratories, Mlieat- 
bridge, Colorado, on samples dried under reduced 
pressure 

Paper Chromatography — The procedure and sol 
vent sj stems emplojed were essentially those de- 
scribed bv Fischbach and Levine (8, 9) for an ascend- 
ing technique Tins method invoh es the use of pre 
wetted buffered paper and the detection of alkaloidal 
spots with a chloroform solution of bromphenol blue 
Paper was impregnated with pH 3 5 Mcllvaine buf- 
fer solution and dried Before use this w as rew etted 
w ith acetone-w ater (3 2) and samples (co 2nl of 3% 
solutions m chloroform) were applied Approxi- 
mate!) fifteen minutes after rew ettmg, the paper w as 
placed into a tank equilibrated witli respect to de- 
1 eloping sohent and water .After a deielopment 
period of four to fix e hours the solvent front had 
traveled about 15 inches The paper was dried, 
sprajed with indicator, and exposed to a flow of 
steam Crx ptenamme alkaloids ga\ e blue, blue 
green, or purple spots on a xellow background, 
the color gix cn b\ each alkaloid helped in its 
identification bv comparison w itli the behax lor of 
known compounds 

The three soh ent sx stems (S, 9) emplox ed in this 
mx cstigation xxcrc (/I) n-butanol, «-butxl ace- 
tate, formic acid (5 25 1), (B) cthvlene chloride, 
ccilosoix e acetate, P)ridine (15 10 1 ) , and ( C) isooc- 
tane, inctlnl isobutxl ketone, pxridine (20 10 2) 
Sxstcin .1 XX as emplojed to folloxx the course of most 
partition and adsorption chromatograph) column 
separations S) steins .1, B, and C were used for 
comparison of crx ptenamme components xxith 
authentic samples of knoxvn alkaloids 

FractionaUon of Cryptenanune by Partition Chro- 
matography. — Partition columns emplojing Celilc 
545 as support for the stationar) phase consisting of 
a pH 4 25. 0 5 M citrate buffer xx ere used for the f rac- 
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tionation of cr\ ptciiamiiie A slurrv of Celite 545 
(120 Gm ) Mas made uith benzene (1,000 cc ) and 
the buffer solution (100 cc ) tvas added in portions, 
the mixture uas stirred vigorously after each addi 
tion The hydrated Celite was then packed into a 
column (3 cm diameter) m the usual manner and a 
solution of crj^ptenarame’ (2 Gm , bateh CaC64, m 
3 cc of chloroform) was added to the column 
The column was eluted with appropriate solvents at 
a rate of co 2 cc per minute and 100 cc fractions 
were collected The solvent was evaporated and 
the contents of each flask were weighed and sub 
mitted to paper chromatographic anal5'sis using 
solvent sjstem A The contents of fractions 
demonstrating a similar composition were com 
bmed and aliquots w ere submitted for pharmacologi- 
cal testing to ascertain hypotensive activities ^ 
\^anations w ere observ'cd m the course of duplicate 
separations, probablj^ due to differences in the 
degree of packing of columns, and thus the results 
obtained in two fractionations of the components 
of cryptenamine are summarized separatel3 in Tables 
I and 11 The pharmacological data listed for the 
first column separation (Table I) indicates that the 
hjpotensive principles of crj'ptenamine were con- 
centrated in a few fractions The pliarmacologieal 
data for the second separation demonstrated a simi 
lar distribution of hj’potensive activity 
Identification of Isolated Components.— Compo- 
nents were identified in all cases bj' comparison of 
infrared spectra and ol paper chromatographic be- 
havior in three solvent S3 stems with those of authen 
tic samples of know n veratrum alkaloids In addi 
tion, the melting points were not depressed on ad 
mixture with authentic specimens of the character 
ized alkaloids An3' additional confirmatory evidence 
IS giv en individual^’ for each component 

Component I Isorubtjenmc ^ — Chloroform and 
acetone were added to fraction I-A (Table I) 
Upon standing, needles [275 mg , m p 237-242° 
(deeompn )] separated, [a] “ -b8° (c 1 02, ethanol) 
This compound was identified as isorubijervine, and 
was also isolated (218 mg ) from fraetion 2 B 
(Table II) b3 the same cr3 stalhzation procedure 
Component II The New Alkamine — Addition 
of acetone to fraction 1-B (Table I) led to the sepa 
ration of w lute velv et3 needles (85 rag ) Recrv stal 
hzation from ehloroform methanol gav e needles 
(45 mg ), m p 258-260° (deeompn ), [aju* +9° 
(c 11, P3r) This compound demonstrated only 
end absorption in the ultraviolet and no absorption 
in the carbon5l region of the infrared spectrum 
Ana/— Calcd for CiH.jNOj C, 75 48, H, 10 09, 
N, 3 26 equiv w t , 429 6 Found C, 76 39, 
75 83, H, 10 02, 10 38 N, 3 14,eauiv wt,434 
The equivalent weight was determined bv a non- 
aqueous titration method similar to that of Parks 
and Mitchner (11) Approumatelv 10 mg of 
alkaloid was dissolved m glacial acetic acid (10 cc ) 
and 2 cc aliquots were titrated with standard 0 01 


* We wish to thank Dr C JT Ca%alIito of Irwin Nei*5ler 
and Co for suppl>inf* us with the cryptenamine used for this 
in% estigation 

* We wish to express our gratitude to Dr Thomas B 
O Dell of Irwin Neisler and Co for the pharmacological 
data reported in this paper Assajs were performed bj a 
procedure previously de«M:nbed (2) 

’ Dr Allan P Gray of Irwin Xeisler and Co has kiodI> 
informed us of his unpublished independent isolation of 
isorubijervine jervine rubijerMoe and v eratramme from 
coptenamine 


N HCIO4 in glacial acetic acid using p naphthol- 
benzein'* (0 1% in glacial acetic acid) as indicator 
The solution was titrated to the appearance of a 
green color, the indicator changing from pink to 
green 

This apparently new alkaloid, also isolated from 
fraction 2 E (Table II), demonstrated no hypoten 
sive activity on the dog at an i v single dose of 4 
meg /Kg 

Component III Neogertnitnne — Fraction 1 C 
(Table I) m benzene was chromatographed on 
Merck acid-washed alumina (4 Gm , 0 7 cm diam- 
eter column) Elution with mixtures of benzene 
and chloroform (from benzene to chloroform 
benzene, 3 1) yielded a product (59 mg ) shown to 
be predominantly component III on paper chroma- 
tographic analysis Cr3 stalhzation from ether gave 
a compound [prisms, 20 mg , in p 235-237° 
(deeompn )] identified as ncogermitrine Nco 
germitrine [18 mg, m p 239-241° (deeompn)) 
was obtained m a similar fashion b3’ purification of 
fraction 2 H (Table II) 

Component IV Protoveratrinc A — Benzene solu- 
tions of fraction 2 F (50 mg ) and fraction 2-E (47 
mg remaining after removal of component II by 
cr3 stalhzation) w ere combined and chromatographed 
on Merck acid washed alumina (2 5 Gm , 0 7 cm 
diameter column) Elution with chloroform ben- 
zene (1 1, 250 cc ) 3ielded a product consisting 
mainly of component III (neogermitrine) Further 
elution with benzene-chloroform (from 65% chloro 
form to 100% chloroform) yielded a crude product 
(23 mg ) consisting mainly of component IV Cr3 s 
tallization from ether led to isolation of protov er 
atrineA [prisms, 8mg , m p 269-270° (deeompn )] 

Component V Jermne ® — Cr3 ptenamine (2 Gni 
m benzene) was chromatographed on acid washed 
alumina (50 Gm ) The column was eluted with 
benzene absolute methanol (99 1, 700 cc ), chloro 
form (300 cc ), chloroform absolute methanol 

(99 1, 600 cc ), chloroform absolute methanol 

(98 2, 350 cc ), chloroform-absolute methanol 

(95 5, 600 cc ), and chloroform absolute methanol 
(90 10, 300 cc ) The eluates of the last two 

solvent combinations were combined on the basis 
of their paper chromatographic behaviors and 
evaporated to dryness Addition of acetone to the 
residue led to the crystallization of a compound 
[needles, 33 mg, m p 245-246° (deeompn)), 
[a]n° —165° (c 1 17, ethanol), identified as jcrvme 

Component VI Germitnne — The continued elu 
tion of the alumina column described for the isolation 
of component III (from fraction 1 C) with benzene 
chloroform (75% chloroform to pure chloroform) 
led to the isolation of a product (60 mg ) consisting 
predommantl3’ of component VI Crystallization 
from ether petroleum ether yielded germitnne 
[prisms, 10 mg , m p 220-222° (deeompn )) 

Germitnne was also isolated from fraction 2-J 
(Table II) b3 chromatograph3 on acid washed alu 
mina (3 5 Gm ) Elution with benzene chloro 
form (3 1) removed colored nonalkaloidal maternl 
Further elution with benzene chloroform (1 1) 
3ielded maml3 component VI (32 mg ) Cr3sbilh 
zation from ether and recr3 stalhzation from same 
solvent gave germitnne [15 mg, m p 227-229 
(deeompn )] 


* We wish to thank Dr Kenneth A Connors for suKRest^nK 
the use of this indicator 
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Table I Fractionation or Crvptbnamive" bv Partition Chromatogr'iphy 

Expenment 1 


Fraction 

Eluent 

Weight, 

mg 

l-A 

Benzene, 500 cc 

450 

1-B/ 

Benzene, 400 cc 

215 

1-C/ 

Benzene, 1,100 cc 

220 

1-D 

Benzene, 800 cc 

135 

1-E 

Benzene, 400 cc 

75 

1-F 

Benzene, 800 cc 

165 

1-G 

Benzene, 700 cc 

90 

1-H 

Benzene, 1,500 cc 

130 

l-I 

Benzene, 5,300 cc 

175 

1-J 

Chloroform, 800 cc 

230 

1-K 

Chloroform-methanol, 98 2, 2,000 

140 

Total 

cc 

2,025 


- — Charactemed Components — . 


potensi\ e 


Estimated 

Units/mg 

Alkaloids' 

% of Total^ 

Relatitelv inactive' 

I 

90 

200 

II. Ill, IV 

90 

900 

111, V, VI, vn 

90 

650 

V,VI,VH,VHI 

100 

Relatively inactive 

V, vn, vni 

100 

Relatively inactive 

v,vii,vni 

90 

Relatively inactive 

V, VII, VIII 

70 

250 

IX 

40 

200 

IX, X 

90 

250 

IX, X, XI 

70 

Relatively inactive 

XII. XIII 

25 
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® Batch CaC64, Irv\in Neisler and Co , (2 Gm ), C S R unit = 40 meg /Kg 

h Number of hypotensive units/mg = 1,000/C S R unit (meg /Kg ) One C S R unit represents the amount of intra- 
venously administered hypotensive agent per Kg of bod> weight which just abolishes the pressor response to the carotid sinus 
reflex in dogs (10) 

® I, isorubijervine, II, new alkamine, III, neogermitnne IV proto\ eralnne A V jervine VI, germitnne, VII, %eratramine, 
VIII, rubijervine, IX, germtdine, X, germenne, XI protoveratnne B XU gerrobudine XIlI, neogermbudine 

The per cent of each fraction that the characterized components represent was estimated from the paper chromatogram of 
the fraction 

^ No blood pressure fall observed with 1 v single dose of 4 meg /Kg 

/ Paper chromatographic analysis with solvent system C indicated the presence of a component not apparent with soUent 
system A The presence of component IV was detected with soU ent sj stem B 


Table II —Fractionation of Cr\ptenamine» by Partition Chromatograpiin 

Experiment 2 






■ Characterized Components-- • — “ 




Weight 


hstimated 

Traction 

Eluent 


mg 

Alkaloidsf 

of Total* 

2-A 

Benzene, 200 cc 


96 

I 

50 

2-B 

Benzene, 200 cc 


289 

I 

100 

2-C 

Benzene, 200 cc 


70 

I 

75 

2-D 

Benzene, 200 cc 


30 

I. II 

75 

2-E 

Benzene, 400 cc 


171 

11, III 

85 

2-F'i 

Benzene, 200 cc 


50 

11, III, iv 

90 

2-G<* 

Benzene, 200 cc 


28 

III, IV, V, vn 

90 

2-H 

Benzene, 500 cc 


94 

III, V. VII 

100 

2-1 

Benzene, 400 cc 


59 

III, V, VI, vn 

100 

2-J 

Benzene, 800 cc 


148 

V, VI, \ n 

100 

2-K 

Benzene, 500 cc 


91 

V, VI, vn. vni 

100 

2-L 

Benzene, 1,100 cc 


178 

V, vn, vni 

100 

2-M 

Benzene, 700 cc 


111 

V, vn. vni 

90 

2-N 

Benzene, 400 cc 


40 

V 

50 

2-0 

Benzene, 1,600 cc 


61 

None 

0 

2-P 

Benzene, 1,400 cc 


61 

IX 

40 

2-Q 

Benzene, 600 cc 


31 

IX 

70 

2-R 

Benzene 600 cc 


21 

IX 

100 

2-S 

Benzene, 4,350 cc 


37 

IX, X 

50 

2-T 

Benzene-chloroform, 3 

1, 1,500 cc 

70 

X 

so 

2-U 

Benzene chloroform, 1 

1, 1,500 cc 

79 

X'onc 

0 

2-V 

Benzene-chloroform, 1 

1, 1,500 cc 

51 

XI 

80 

2-W 

Benzene-chloroform, 1 

3, 1,000 cc 

31 

xn, xni 

20 

2-X 

Chloroform, 1,500 cc 


57 

xn, xni 

30 

2-Y 

Chloroform-methanol, 9S 2, 2,000 cc 

55 

xn. xni 

2") 

Total 



2,015 


< 1 


“See footnote “.Table I I Sec footnote “ Table I ' Sec footnote <t, T ible I .1 See footnote I, T >hle t tn tlio; fnc 
tionation, components IV and VI n ere clearlj separated 


Component VIII' Rnbtjcrvinc ’ — Fraction 1-E 
(Table I) nas dissohed in hot chloroform and fil- 
tered On standing, a crjstalline compound sep 
arated (needles, 15 mg ), m p 247-248° (dcconipn ), 
l«ri) +9° (cO 08, pyr ) identified as rubijervine For 
the authentic sample of rubijervine, [a]°n = +~ 
(c 101, pjr) The infrared spectra of the rubi- 
icnine samiiles were determined in KBr pclkls 
Component IX Germidtne — A benzene solution 

of fraction 1-1 (Table I) was chromatograplitd on 


Merck acid-waslied alumina (4 Gin , 0 7 cm 
diameter column) Elution with benzene chloro 
form (7o9o chloroform to pure chloroform) tieldtd 
a crude product (25 mg ) consisting miiiiK of com- 
ponent IX Cr\ Stallizatioii from ether gi\e 
gennidine [prisms, 5 mg , ni p 235-237° 
(decompn )[ 

Component X. Ccrmcr.m Coiitimicd elution of 

the column described for the iso! itiori of comiioricnf 
IX with chloroforiii anti chloroform nietli iiiol 
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tionation of crj ptenamine A slurr\ of Cehte 545 
(120 Gin ) Mas made Mith benzene (1,000 cc ) and 
the buffer solution (100 cc ) Mas added in portions, 
the mixture M"as stirred vigorously after each addi 
tion The hydrated Cehte was then packed into a 
column (3 cm diameter) m the usual manner and a 
solution of cryptenamine* (2 Gm , batch CaC64, in 
3 cc of chloroform) M'as added to the column 
The column Mas eluted with appropriate solvents at 
a rate of ca 2 cc per minute and 100 cc fracfaons 
Mere collected The solvent was evaporated and 
the contents of each flask Mere weighed and sub 
mitted to paper chromatographic analysis using 
solvent sjstem A The contents of fractions 
demonstrating a similar composition were com 
bined and aliquots m ere submitted for pharmacologi 
cal testing to ascertain hypotensn e activities ’ 
I'anations m ere observed in the course of duplicate 
separations, probably due to differences m the 
degree of packing of columns, and thus the results 
obtained in two fractionations of the components 
of crj ptenamme are summarized separately m Tables 
I and II The pharmacological data listed for the 
first column separation (Table I) indicates that the 
hypotensive principles of crj ptenamme Mere con 
centrated in a few fractions The pharmacological 
data for the second separation demonstrated a simi 
lar distribution of hj potensive activitj’- 
Identification of Isolated Components. — Compo 
nents were identified in all cases bj’ comparison of 
infrared spectra and of paper chromatographic be- 
havior in three solvent sj stems m ith those of authen- 
tic samples of knoMn veratrum alkaloids In addi 
tion, the melting points were not depressed on ad- 
mixture Mith authentic specimens of the character 
ized alkaloids Any additional confirmatory evidence 
is giv en individuallj for each component 

Component I Isorubijcnine ’ — Chloroform and 
acetone Mere added to fraction 1-A (Table I) 
Upon standing, needles [275 mg , m p 237-242® 
(decompn )] separated, [«] d' +8° (c 1 02, ethanol) 
This compound was identified as isorubijervine, and 
Mas also isolated (218 mg) from fraction 2-B 
(Table II) bj the same crystallization procedure 
Component II The New Alkamtne — Addition 
of acetone to fraction 1 B (Table I) led to the sepa 
ration of m hite v eh etj needles (85 mg ) Recrvstal 

lization from chloroform methanol gav e needles 
(45 mg ), m p 258-260“ (decompn ), [a]” +9° 
(c 11, pjr) This compound demonstrated only 
end absorption m the ultras lolet and no absorption 
m the carbons 1 region of the infrared spectrum 
A«(Z/— Calcd for C,H„N03 C, 75 48, H, 10 09, 
N, 3 26 equis svt, 429 6 Found C, 75 39, 
75 83, H, 10 02, 10 38 N, 3 14, earns Mt,434 
The equivalent weight m.ts determined bs a noii- 
aqueoiis titration method similar to that of Parks 
and klitchner (11) Appro simatelj 10 mg of 
alkaloid Mas dissolved in glacial acetic acid (10 cc ) 
and 2 cc aliquots Mere titrated with standard 0 01 


* Wc wish to thank Dr C J Ca\alIito of Invin Xcislcr 
and Co for suppl>ing us \Mth the crj ptenamme used for this 
m\ cstigation 

* We wish to express our gratitude to Dr Thomas B 
O Dell of Invm Neisler and Co for the pharmacological 
data reported in this paper Assaj s uere performed bj a 
procedure pre\ louslj described (2) 

* Dr Allan P Gra> of Irwin iCeisler and Co has ktadl> 
informed us of his unpublished independent isolation of 
isorubijervine jcr\inc rubijervine and v eratramine from 

x cr\ ptenamme 


N HClOj m glacial acetic acid using p iiaphtliol 
benzem'' (0 1% m glacial acetic acid) as indicator 
The solution was titrated to the appearance of a 
green color, the indicator changing from pink to 
green 

This apparently ness alkaloid, also isolated from 
fraction 2 E (Table II), demonstrated no hypoten 
sive actis'it}’’ on the dog at an i v single dose of 4 
meg /Kg 

Component III Neogenmtnne — Traction 1 C 
(Table I) in benzene was chromatographed on 
Merck acid-washed alumina (4 Gm , 0 7-cm diani 
cter column) Elution with mixtures of benzene 
and chloroform (from benzene to chloroform 
benzene, 3 1) yielded a product (59 mg ) shoun to 
be predominantly component III on paper chroma 
tographic analysis Crj stalhzation from ether gave 
a compound [prisms, 20 mg , m p 235-237° 
(decompn )] identified as neogerinitrme Nco 
geniiitrine [18 mg, m p 239-241° (decompn )| 
Mas obtained in a similar fashion by purification of 
fraction 2 H (Table II) 

Component IV Protoveratrine A — Benzene solu 
tions of fraction 2-F (50 mg ) and fraction 2-E (47 
mg remaining after removal of component II by 
crystallization) m ere combined and chromatographed 
on Merck acid-washed alumina (2 5 Gm , 0 7 cm 
diameter column) Elution with chloroform-ben 
zene (1 1, 250 cc ) jielded a product consisting 
mainly of component III (neogermitrine) Further 
elution with benzene-chloroform (from 65% chloro 
form to 100% chloroforml yielded a crude product 
(23 mg ) consisting mainly of component IV Crs s 
tallization from ether led to isolation of protoser- 
atrme A [prisms, 8 mg , m p 269-270° (decompn )] 

Component V Jermne ’ — Crj ptenamme (2 Gm 
in benzene) was chromatographed on acid m ashed 
alumina (50 Gm ) The column was eluted with 
benzene absolute methanol (99 1, 700 cc ), chloro 
form (300 cc ), chloroform absolute methanol 

(99 1, 600 cc ), chloroform absolute methanol 

(98 2, 350 cc ), chloroform absolute methanol 

(95 5, 600 cc ), and chloroform absolute methanol 
(90 10, 300 cc ) The eluates of the last two 

solvent combinations were combined on the basis 
of their paper chromatographic behaviors and 
evaporated to dryness Addition of acetone to the 
residue led to the crystallization of a compound 
[needles, 33 mg, m p 245-246“ (decompn )), 
[tt]°D —165° (c 1 17, ethanol), identified as jcrsnie 

Component VI Germxtrine — The continued clu 
tion of the alumina column described for the isolation 
of component III (from fraction 1-C) with benzene 
chloroform (75% chloroform to pure chloroform) 
led to the isolation of a product (60 mg ) consisting 
predommantlj of component IT Crystallization 
from ether petroleum ether yielded germitrinc 
[prisms, 10 mg , m p 220-222“ (decompn )) 

Germitrme Mas also isolated from fraction 2-J 
(Table II) bj chroniatographj on acid ssashed ,alii 
mina (3 5 Gm ) Elution with benzene chloro 
form (3 1) removed colored noiialk.aloidal material 
Further elution ssith benzene chloroform (1 1) 

3 lelded mainls component VI (32 mg) Cr3sLalli 
zation from ether and recr3 stalhzation from same 
solvent gave germitrine [15 mg, m p 227-229 
(decompn )] 


* We wish to thank Dr Kenneth A Connor** for 
the use of this indicator 
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Table I —Fractionation of Cryptenauhne" by Partition Chromatography 

Experiment 1 


V — Characterized Components— » 


Fraction 

Eluent 

Weight, 

mg 

Hypotensive 
Umts/mg 6 

Alkaloids® 

Estimated 
% of Total-* 

l-A 

Benzene, 500 cc 

450 

Relatively inactive' 

I 

90 

1-B/ 

Benzene, 400 cc 

215 

200 

II, III, IV 

90 

1-C/ 

Benzene, 1,100 cc 

220 

900 

HI, V, VI, VII 

90 

1-D 

Benzene, 800 cc 

135 

650 

V, VI, VII, VHI 

100 

1-E 

Benzene, 400 cc 

75 

Relatively inactive 

V, VII, VIII 

100 

1-F 

Benzene, 800 cc 

165 

Relatively inactive 

V, VII, VIII 

90 

1-G 

Benzene, 700 cc 

90 

Relatively inactive 

V,YII,Yra 

70 

1-H 

Benzene, 1,500 cc 

130 

250 

IX 

40 

l-I 

Benzene, 5,300 cc 

175 

200 

IX, X 

90 

1-J 

Chloroform, 800 cc 

230 

250 

IX, X, XI 

70 

1-K 

Chloroform-methanol, 98:2, 2,000 

140 

Relatively inactive 

XII, XIII 

25 

Total 


2,025 



SO 


“ Batch CaC64, Irtvin. Neisler and Co , (2 Gm ), C S R umt 5 = 4 0 meg /Kg 

6 Number of hypotensive units/mg — 1,000/C S R unit (meg /Kg ) One C S R unit represents the amount of intra- 
venously administered hypotensive agent per Kg of bod> weight which just abolishes the pressor response to the carotid sinus 
reflex in dogs (10) 

® I, isoruiiijervine, II, new alkamme, III, neogermitnne, IV, protoveratnne A, V, jervine, VI, germitnne, VII, veratramme, 
VIII, rubijervine, IX, germidine, X, germenne, XI, protoveratnne B, XII, germbudioe, XHI, neogermbudine 

d The per cent of each fraction that the characterized components represent was estimated from the paper chromatogram of 
the fraction 

* No blood pressure fall observed with 1 v single dose of 4 meg /Kg 

/ Paper chromatographic analysis with soUent system C indicated the presence of a component not apparent with solvent 
system A The presence of component IV was detected with solvent system B 


Table II —Fractionation of Cryptenamine“ by Partition Chromatography 

Experiment 2 


Fraction 

Eluent 

Weight, 

mg 

Characterized Components 

Estimated % 

Alkaloids^ of Total® 

2-A 

Benzene, 200 cc 

96 

I 

50 

2-B 

Benzene, 200 cc 

289 

I 

100 

2-C 

Benzene, 200 cc 

70 

I 

75 

2-D 

Benzene, 200 cc 

30 

I. n 

75 

2-E 

Benzene, 400 cc 

171 

II. Ill 

85 

2-F'' 

Benzene, 200 cc 

50 

II, in, IV 

90 

2-0<‘ 

Benzene, 200 cc 

28 

III, IV, V, VII 

90 

2-H 

Benzene, 600 cc 

94 

III, V, vn 

100 

2-1 

Benzene, 400 cc 

59 

HI. V. VI, VII 

100 

2-J 

Benzene, 800 cc 

148 

V, VI, VII 

100 

2-k: 

Benzene, 500 cc 

91 

V, VI, VII, VHI 

100 

2 L 

Benzene, 1,100 cc 

178 

V, VII, VIII 

100 

2 M 

Benzene, 700 cc 

111 

V, vn, VIII 

90 

2-N 

Benzene, 400 cc 

40 

V 

50 

2-0 

Benzene, 1,600 cc 

61 

None 

0 

2-P 

Benzene, 1,400 cc 

61 

IX 

40 

2-Q 

Benzene, 000 cc 

31 

IX 

70 

2-R 

Benzene 600 cc 

21 

IX 

100 

2-S 

Benzene, 4,350 cc 

37 

IX, X 

50 

2-T 

Benzene-chloroform, 3:1, 1,500 cc 

76 

X 

80 

2-U 

Benzene-chloroform, 1:1, 1,500 cc 

79 

None 

0 

2-V 

Benzene-chloroform, 1.1, 1,500 cc 

51 

XI 

80 

2-W 

Benzene-chloroform, 1:3, 1.000 cc 

31 

XH. XHI 

20 

2-X 

Chloroform, 1,500 cc 

57 

XH, XHI 

30 

2-y 

Chloroform-raethanol, 98 ■ 2, 2,000 cc 

55 

XH, XHI 

25 

Total 

2,015 

77 


i UUJC I OCe J oOltlOte , 10016 1 

tionation, components IV and VI wereclearl> separated 


In this frac- 


Component VITI’ Rubijenine ^ — Fraction 1-E 
(Table 1) nas dissohed in hot chloroform and fil- 
tered On standing, a crystalline compound sep- 
arated (needles, 15 mg ), m p 247-248° (decoinpn ), 
lol'ii -1-9° (cO OS, pjT ) identified as rubijervine For 
the authentic sample of rubijemiie, [a] “ = +7° 
(c 1 01, pyr ) The infrared spectra of the rubi- 
leninc simples uere determined m KBr pellets 
Coiiipoiuiil /A Gcnutdtne — A benzene solution 

of fnicfion 1-2 (T.ihlc f) was chroinatograplied on 


Merck acid-washed alumina (4 Gm , 0 7-cm 
diameter column) Elution with benzene-chloro- 
form (75% chloroform to pure chloroform) yielded 
a crude product (25 mg ) consisting inaiiilv of com- 
ponent IX Crj’stallization from ether gaa-e 
germidine [prisms, 5 mg , m p 235-237° 
(decompn )] 

Component X; Gcrntcrine — Continued elution of 
the column desenhed for the isolation of component 
IX with chloroform and chloroform-methanol 
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(from 0.5 to 5% methanol) yielded a crude product 
(40 mg.) consisting mainly of component X. Crys- 
tallization from ether-petroleum ether led to the 
isolation of germerine [prisms, 6 mg., m. p. 201.5- 
203.5° (decompn.)]. 

Germerine was also isolated from fraction 2-T 
(Table II). A benzene solution of fraction 2-T was 
chromatographed on Merck acid-washed alumina 
(1 Gm., 0.7-cm. diameter column). Elution ivith 
benzene-chloroform (1:1, 100 cc.) gave nonalkaloidal 
colored material. Further elution with chloroform- 
methanol (95:5, 100 cc.), evaporation of eluate to 
dryness and crystallization from ether-petroleum 
ether yielded germerine [prisms, 17 mg., m. p. 196- 
198° (decompn.)]. 

Component XT: Protoveratrine B . — A benzene 
solution of fraction 2-V (Table II) was chroma- 
tographed on Merck acid-washed alumina (1 Gm., 
0.7-cm. diameter column). Elution with benzene 
led to the removal of colored material. Further 
elution with chloroform-methanol (98:2), evapo- 
ration of eluate to dr 3 mess and crystallization from 
ether led to the isolation of 4 mg. of protoveratrine 
B. 

Evidence for Identification of Other Compo- 
nents . — Component VII: Veratramine .^ — Paper chro- 
matographic analysis of cryptenamine and of cer- 
tain fractions thereof indicated the presence of a com- 
ponent with Rt identical with that of veratramine. 
The best separation of component VII was achieved 
with solvent system A . 

Component XIT: Germbudine . — Paper chroma- 
tographic analysis of fractions 1-K (Table I) and 
2-W, 2-X, 2-Y (Table II) suggested the presence 
of a compound having an R/ identical with that of 
germbudine; it was best separated from other com- 
ponents with solvent system B (development period, 
twenty hours). 

Component XTIT: Neogermbudine . — Paper chro- 
matographic analysis of fractions 1-K (Table I) 
and 2-W, 2-X, 2-Y (Table II) suggested the pres- 
ence of a compound having an R/ identical with 
that of neogermbudine. Component XIII could 
also be best separated from other components with 
solvent system B (development period, twenty 
hours). Neogermbudine demonstrated a higher 
R / than germbudine. 

RESULTS AND DISCUSSION 

As described above, cryptenamine was fraction- 
ated by partition and adsorption column chroma- 
tography; the progress of separations was followed 
by paper chromatographic analysis. By this pro- 
cedure, during which cryptenamine was never sub- 
jected to conditions favorable for ester hydrolysis, 
the known (12, 13) hypotensive alkaloids proto- 
veratrine A (IV), protoveratrine B (XI), neogermi- 
trine (III), germitrine (VI), germidine (IX), and 
germerine (X) were isolated. In addition, it was 
possible to isolate the relatively nonhypotensive 
alkaloids (14) isorubijervine (I), jervine (V), rubi- 
jervine (VIII), and an apparently new noncarbonyl 
alkamine (II). Paper chromatographic evddence 
suggesting the presence of hypotensively active 
germbudine (XII) (15) and neogermbudine (XIII) 


(16) and of relatively inactive veratramine (VII) 
(14) was also obtained. It was estimated tliat the 
components listed represent some 80%, by weight, 
of cryptenamine (Tables I and II). 


Table III. — Hypotensive Principles of AcTiim 
Fractions" 


Fraction 

Estimated 

% 

Charac- 

terized^ 

Hypotensive 

Alkaloids 

Identified 

Total 

Hypo- 

tensive 

Units* 

l-B 

90 

Protoveratrine 

43,000 

1-C 

90 

A. neogermi- 
trine 

Neogermitrine, 

198,000 

1-D 

100 

germitrine 

Germitrine 

88,000 

I-H 

40 

Germidine 

32,000 

l-I 

90 

Germidine, 

35,000 

1-J 

70 

germerine 

Germidine, 

58,000 

Total 

80 

germerine, 
protover- 
atrine B 

454,000 

Cryptenamine 

80 


500,000 


“ Fractions from partition chromatography (Table 1) of 
2 Gm. of cryptenamine. 
t See footnote^, Table 1. 

« Obtained by multiplication of weight of fraction by hypo- 
tensive units/mg. Cryptenamine assay, 250 hypotensive 
units/mg. 


The pharmacological results summarized in Table 
III indicate that the six highly active fractions ob- 
tained on chromatographic separation of crypten- 
amine (Table I) represent approximately 90% of 
the total hypotensive activity of cryptenamine. 
The estimated proportion of total characterized 
components in these fractions is 80% and the 
active principles identified in these fractions repre- 
sent the most powerful hypotensive alkaloids of 
Veralrnm viride (J, 17). In view of the foregoing, 
it appears likely that known ester alkaloids are 
responsible for most of the hypotensive activity of 
cryptenamine. 
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Veratrum Alkaloids XXXVII* 


The Structure of Germanitrine, A Hypotensive Ester Alkaloid 
By S. MORRIS KUPCHAN and ADRIANO AFONSO 


The structure of germanitrine, a highly active 
hypotensive ester alkaloid, has been eluci- 
dated. Germine 3-angelate 7-acetate 15-/-2'- 
methylbutyrate, synthesized from germine, 
was found to be identical with germanitrine. 

G ermanitrine is a highly active hypotensive 
ester alkaloid isolated from Veratrum fim- 
briatum Gray (1). Alkaline hydrolysis of germa- 
nitrine has afforded the knotvn alkamine germine 
(I) (2) and one mole equivalent each of acetic, 
tiglic, and /-2-methylbutyric acids (1). Meth- 
anolysis of germanitrine resulted in loss of the 
acetate grouping with conversion to the diester 
germanidine (1). The latter compound yielded 
one mole equivalent of tiglic acid and one mole 
equivalent of i-2-methylbutyric acid on alkaline 
hydrolysis. The positions of the esterifying acids 
on the germine nucleus have now been estab- 
lished, thereby effecting the elucidation of the 
complete structures of germanitrine and german- 
idine. 

Tentative assignment of the acetate group of 
germanitrine to C; of the germine nucleus has 
been made on the basis of its reactivity toward 
methanolysis and its characteristically high con- 
tribution to the molecular rotation of the triester 
(3). A common feature of the naturally-occur- 
ring germine triesters of known structure is at- 
tachment of the three acyl moieties to positions 
Cs, C?, and Cjs (3, 4), and it appeared reasonable 
as a preliminary working hypothesis to assign 
the tiglate and /-2-methylbutyrate residues to 
Cs and Ci5. The similarity of the optical rota- 
tions of germanidine (1) to those of all other 
known Cs, Cis diesters of germine (3) supported 
a 3,15-diester structure for germanidine. Be- 
cause only small comparison samples of germani- 
trine and germanidine were available to us, a 
degradative structure elucidation was precluded. 
Instead, a partial synthesis of germanidine and 
germanitrine starting with germine was under- 
taken. 

The first objective selected was germine 3- 
tiglate 15-/-2'-methylbut}Tate. Germine 15- 
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Z-2'-methylbutyrate (II) (4, 5) was treated with 
a limited amount of tigloyl chloride in pyridine 
to jdeld the desired diester III. The tiglate 
group of III was assigned to C3 on the following 
bases. The diester was stable to periodic acid, 
an indication that no free 1,2-glycol system was 
present. This fact limited the possible sites of 
attachment of the tiglate residue to C3 or C4. 
The diester consumed two oxygen equivalents 
of chromic acid, which indicated that only two 
secondary hydroxyl groups were present and that 
the tiglate residue was therefore affixed at C3. 
The infrared spectrum of germine 3-tiglate 15-/- 
2'-methylbutyrate (III) differed significantly 
from that of germanidine. 

The next alternative explored was the hypo- 
thetical formulation of germanidine as a 3-/-2'- 
methylbutyrate 15-tiglate. Treatment of ger- 
mine with a limited amount of tigloyl chloride in 
pyridine afforded germine 15-tiglate (IV). That 
the tiglate was affixed to Cu was shown by the 
periodic acid consumption of one mole equivalent. 
Only a C16 monoester of germine possesses a single 
1,2-glycol system. Furthermore, the amorphous 
periodic acid cleavage product showed infrared 
absorption at 3.65, 5 62, and 5.80 n characteristic 
of the aldehydo-7-lactone resulting from cleavage 
of the ring A glycol (2). Germine 15-tiglate 
(IV) was treated with a limited amount of 1-2- 
methylbutyryl chloride in pyridine to yield ger- 
mine 3-/-2'-methylbutyrate 15-tiglate (V). Evi- 
dence for the 3,15-diester formulation V paral- 
leled that for III. The infrared spectrum of V 
also differed significantly from that of germani- 
dine. 

The original proposal that the tiglate, rather 
than the geometrically isomeric angelate residue 
was present in germanitrine was based on the 
identification of ^-phenylphenacyl tiglate among 
the ^-phenylphenacyl esters derived from the 
acids formed upon hydrolysis (1). As a control, 
it was show'n that neither pme angelic nor pure 
tiglic acid isomerized appreciably under the alka- 
line conditions employed for the hydrolysis of the 
ester alkaloids (1). On the other hand, it ap- 
peared reasonable that isomerization of angelate 
to tiglate might have occiured prior to or during 
hydrolysis of the ester alkaloids, or even during 
the preparation of the p-phenylphenacyl esters. 
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RCOCl 



II. R = MB 
IV.R=Ti 


III. R'=Ti;R = MB 
V. R'=MB:R = Ti 


MB = ;-2-Methylbii(yric acid 
Ti = Tiglic acid 



The historical differences concerning the acid 
residue present in the schoenocaulon ester alka- 
loid cevadine are best rationalized on the basis 
that isomerization of the angelate residue to 
tiglate may take place prior to or during hydrol- 
ysis. In the case of cevadine, some authors re- 
ported hydrolysis to tiglic acid (G, 7), some to 
angelic acid (8, 9, 10), and some to a mixture of 
angelic and tiglic acids (11). 

A partial s 3 mthesis of germine 3-angelate 15-/- 
2'-methylbutyrate (VII) was next undertaken. 
Germine 15-/-2'-methylbutyrate (II) was treated 
with a limited amount of 3-bromoangeloyl chlo- 
ride (12) to yield germine 3-(3'-bromoangelate) 
15-/-2'-methylbut)Tate (VI). The latter com- 
pound, on hj'drogenolysis, afforded germine 3- 
angelate 15-/-2'-methylbutyratc (VII). Evi- 
dence for the 3,15-diester formulation VII paral- 
leled that for III. The melting point of the syn- 
thetic diester was not depressed on admixture 
with an authentic sample of germanidinc. The 
infrared spectra and paper chromatographic be- 
havior of the respective samples were identical. 

Acet\-lation of germanidine (VH) with a limited 
amount of acetic anh 3 'dride 3 'ielded the triester 
germine 3-angelate 7-acetate 15-/-2'-meth3’l- 
buU'rate (VIII). Evidence for the attachment 


of the acetate group at C: was obtained in the 
following manner. A chromic acid titration of 
the triester showed the presence of onl 3 - one 
secondar 3 ' h 3 'drox 3 -l grou]) and C< was thereb 3 ' 
excluded as a site for attachment of the acetate 
ester. Furthennore, the oxidation product, on 
alkaline treatment, afforded a diosphcnol with 
ultraviolet spectral properties identical with those 
of the diosphenol from neogermitronc and IG- 
deltydrogermine 3,4,7,15-tetraacetate (3). The 
triester showed no depression in melting point on 
admixture with an authentic sample of gennani- 
trinc. The infrared spectra and paper chroma- 
tographic behavior of the respective samples were 
identical. 

EXPERIMENTAL 

Melting points arc corrected for stem exposure. 
Values of [ajn have been approximated to the near- 
est degree. Ultraviolet absorption spectra were de- 
termined in 95% ethanol on a Cary recording spec- 
trophotometer (model 11 MS). Infrared spectra 
were determined in chloroform on a Baird double 
beam recording spectrophotometer. Microanaly.se.'- 
were carried out b\' Dr. S. M. Nagy and his associates 
at the Massachusetts Institute of Technology' on 
samples dried under reduced pressure at 1 10°. 

Periodic Acid Titrations. — These titrations were 
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performed as in Part XXVIII (2) except that one- 
third of the total volume of water was replaced with 
/-butanol. 

Chromic Acid Titrations. — The method described 
in Part XXXII (4) was used. Results are sum- 
marized in Table I. 

Paper Chromatography. The technique followed 
was that described by Levine and Fischbach (13). 
Unless otherwise specified the Ji-butid acetate; 
n-butanol: formic acid (25:5:1 by volume) system 
was used. 

Genuine 3-Tiglate 15 - 1 - 3 * -^^cthylbiityrate (///). 

To gerffline 15-/-2'-raethylbutyrate (5) (0.4 Gm.) in 
pyridine (8 cc.) cooled to 0°, was added tigloyl chlo- 
ride (14) (0.9 Gm.) with stirring. The solution was 
kept at room temperature for twenty-four hours. 
The reaction mixture was then cooled by adding 
crushed ice, made alkaline (pH 8) with a 10% sodium 
carbonate solution, and extracted several times with 
chloroform. The chloroform extracts were dried 
over anhj'drous sodium sulfate and evaporated under 
reduced pressure. The residue was dissolved in ben- 
zene and the solution was evaporated to dryness. 
This procedure was repeated until all traces of pyri- 
dine bad been removed. The amorphous residue was 
chromatographed on Merck acid-washed alumina (10 
Gm.), and the progress of the column separation was 
followed with a paper chromatogram of each frac- 
tion collected. Elution with benzene (100 cc.) 
yielded a substance (90 mg.) having a high i?/, pre- 
sumably a triester. Germine 3-tiglate 15-/-2'- 
methylbutyrate (III, 0.275 Gm.) was eluted with 
50% benzene-chloroform (400 cc.). The diester III 
was crystallized from acetone-ether as pale yellow 
prisms (150 mg.), m. p. 227-228° (decompn.); 
[o]d'+ 3°(c 2.65, pyr.). 

Anal. — Calcd. for C57H57NO10: C, 65.77; H, 
8.44. Found: C, 65.39; H, 8.58. 

In a volatile acid determination (15) 15.31 mg. of 
the compound yielded an amount of acid equivalent 
to 5.05 cc. of 0.009181 iV sodium thiosulfate; calcd. 
for 1 mole equivalent of tiglic acid and 1 mole equiva- 
lent of f-2-methylbutyric acid as required by struc- 
ture III, 4.94 cc. 

Diester III did not consume an}' periodic acid after 
six and one-half hours. The infrared spectrum of III 
was not identical ivith that of gerraanidine. 

Genuine 15-Tiglatc (IV ). — To a cold (0°) solution 
of germine (3.2 Gm.) in pyridine (25 cc.) was added 
tigloyl chloride (14) (0,9 Gm.). The mixture was 
stirred until homogeneous, allowed to warm to room 
temperature and stand for twenty-four hours. Fur- 
ther treatment followed the procedure used for III. 
The amorphous reaction product (3.27 Gm.) was 
chromatographed on Merck acid-washed alumina (60 
Gm.). The separation was followed with a paper 
chromatogram of each fraction collected, using the 
resolving s.vstem for slow-moving alkaloids (13)' 
Elution with chloroform (1,000 cc.) yielded a product 
having a high R/, presumably a diester. Further 
elution with Z% methanol-chloroform afforded ger- 
mine 15-tiglate (IV) (1.16 Gm.) which was crystal- 
lized from chloroform-acetone as colorless prisms 
(720 mg.), m. p. 224-225° (dccompn.), ta]°D - 7° 
(c 2.15, pyr.). 


The solution was prepared by adding 1 cc. of formic acid 
to the separated organic layer of the system ii-butyl acetate; 
71 but an of. water (10:25:10 by volume). 


Table I. — Chrospc Acid Titrations 





Oxygen 

Equivalents Consumed 


Ester 

1 hr. 

4 hr. 


III 

1.8 

2.3 


V 

1.6 

1.9 


vn 

1.7 

2.1 


VIII 

1.3 

1.4 


Anal.~Ca.lcd. for CtcH^NOa; C, 64.95; H, 8.35. 
Found: C, 65.22; H, 8.24. 

In a volatile acid determination (15) 15.46 ing. of 
the compound yielded an amount of acid equivalent 
to 2.00 cc. of O.OO9I8I N sodium thiosulfate; calcd. 
for 1 mole equivalent of tiglic acid as required for 
structure IV, 2.80 cc. 

Monoester IV consumed 1.1 mole equivalents of 
periodic acid after one hour and was stable there- 
after. The solution remaining from the periodic 
acid oxidation was made alkaline (pH 8) with dilute 
ammonia and extracted with chloroform. The 
chloroform extracts were dried over sodium sulfate 
and the amorphous residue left on evaporation 
showed infrared absorption at 3.65, 5.62, and 5.80 p. 

Genuine 3-1-2'- Methylbiily rate 15-Tiglate (V ). — 
Germine 16-tiglate (IV) (0.4 Gm.) in pyridine (4 cc.) 
was treated with 1-2-methylbutyryl chloride (5) 
(0.116 Gm.) under the same conditions used for di- 
ester III. The amorphous reaction product was 
chromatographed on Merck acid-washed alumina (10 
Gm.). Elution with benzene (100 cc.) yielded a 
product (0.12 Gm.) having a high R/, presumably a 
triester. Germine 3-/-2'-methylbutyrate 15-tiglate 
(V) (0.2 Om.) was eluted with 50% benzene-chloro- 
form (640 cc.) and crystallized with difficulty from 
acetone, as colorless plates (55 mg.), m. p. 180-181° 
(decompn.); [a) p' -f 3° (c 1.10, pyr.). 

Anal.— Calcd. for C37H5,NOi(: C, 65.77; H, 8.44. 
Found; C. 65.35; H, 8.70. 

In a volatile acid determination (15) 8.0 mg. of the 
compound yielded an amount of acid equivalent to 
2.70 cc. of 0.009181 N sodium thiosulfate; calcd. for 
1 mole equivalent of tiglic acid and 1 mole equivalent 
of {-2-methylbutyric acid as required by structure V, 
2.58 cc. 

Diester V was stable toward periodic acid. The in- 
frared spectrum of V was not identical with that of 
gerraanidine. 

Genuine 3-A ngelate 15-l-2'-IiIelhyJbutyrate ( VII ). — 
To a solution of germine 15-/-2'-methylbutyrate 
(0.365 Gm.) in pyridine (5 cc.) was added with stir- 
ring, 3-bromoangeloyl chloride (12) (0.135 Gm.) at 
room temperature. The reaction mixture was al- 
lowed to stand for twenty-four hours and further 
treatment followed the procedure used for diester 
III. The reaction products from two such batches 
were combined (0.92 Gm.) and chromatographed on 
Merck acid-washed alumina (16 Gm.). Elution 
with benzene (250 cc.) yielded an amorphous prod- 
uct (0.07 Gm.) with a high Rf, presumably a triester. 
Elution with 50% benzene-chloroform (500 cc.) fol- 
lowed by chloroform (870 cc.) yielded germine 
3-(3'-bromoangelate) 16-/-2'-methylhutyrate (VI) 
(0.312 Gm.) as a pale yellow amorphous material, 
l«ll> + 16° (c 1.05, ethanol). 

To a suspension of 10% palladium on carbon (0.07 
Gm.) in 95% ethanol (10 cc.) whicli had previously 
been saturated with hydrogen, was added a solution . 
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of VI (0.14 Gm.) in ethanol (4 cc.) containing anhy- 
drous sodium acetate (0.07 Gm.). After hydrogena- 
tion at atmospheric pressure for three minutes the 
theoretical uptake of one mole equivalent of h 3 'dro- 
gen was complete and the hydrogenation was ter- 
minated. The catalj'st was removed b\’ filtration, 
washed with ethanol (15 cc.), and the filtrate was 
evaporated under reduced pressure. The residue was 
suspended in water (5 cc.), made alkaline (pH 8) with 
a 10% sodium carbonate solution, and e.vtracted sev- 
eral times with chloroform. The chloroform extract 
was dried over anhj'drous sodium sulfate. Evapora- 
tion under reduced pressure jdelded germine 3-angel- 
ate 15-/-2'-methylbut}Tate (0.130 Gm.) which was 
crystallized from acetone-water as colorless flat 
needles (115 mg.), m. p. 220-221° (decompn.), 
[a]” — 3° (c 1.20, P 3 'r.). The melting point was not 
depressed on admixture with an authentic sample of 
germanidine.' 

Diester VII was stable to periodic acid. The 
infrared spectra and paper chromatographic be- 
havior of VII and an authentic sample of german- 
idine^ were identical. 

Germine 3-AngeIate T-Acelate 15-1-2' -Methylbulyr- 
ate {VIII).— To a solution of VII (0.120 Gm.) in 
P3'ridine (1 cc.) was added acetic anhydride (0.021 
Gm.) at 0°. The reaction mixture was allowed 
to stand at room temperature for twelve hours. 
Excess acetic anh 3 'dride was destro 5 'ed with two 
drops of methanol and the mixture was evaporated 
under reduced pressure at room temperature. 
The residue was dissolved in benzene and evaporated 
to dryness. This procedure was repeated several 
times to remove traces of pyridine. The residue 
was dissolved in ice water (3 cc.), made alkaline 
(pH 8) with 10% sodium carbonate solution, ex- 
tracted with chloroform, and the extract evaporated 
to dryness. The amorphous residue (0.120 Gm.) 
was dissolved in chloroform and petroleum ether 
(Skelly B) was added to the solution until an 
amorphous precipitate separated. The precipitate 
was removed by filtration and rejected. The 
filtrate on concentration deposited cr 3 'stalHne tri- 
ester VIII (0.055 Gm.) which had the same R/ 
as germanitrine.^ Recrystallization from acetone- 


2 We thank Mr. Murle Klohs of Riker Laboratories, North- 
ridge, Calif., for comparison samples of germanitrine and 
germanidine. 


water afforded colorless needles (50 mg.), m. p. 
225-226° (decompn.). The melting point was not 
depressed on admixture with an authentic sample 
of germanitrine. = The infrared speetrum of tri- 
ester VIII was identical with that of germanitrine. 

Chromic Acid Oxidation of Germanitrine . — The 
chromic acid titrations of germanitrine (Table I) 
were performed on two 2-cc. aliquot parts taken 
from a solution (10 cc.) containing 29.1 mg. of 
germanitrine. The solution remaining after re- 
moval of the aliquots was treated with a sodium 
bisulfite solution until green, made alkaline with 
20% NaOH, and extracted with chloroform. The 
extraet was evaporated to dr 3 'ness under reduced 
pressure. The residue was dissolved in 1% meth- 
anolic sodium hydroxide (4 ce.) and heated under 
reflux for twelve minutes. The deep red solution 
was acidified with glacial acetic acid, evaporated to 
dr 3 mess, made alkaline with dilute ammonia, and 
e.xtraeted with chloroform. The chloroform extract 
was dried over anh 3 'drous sodium sulfate and 
evaporated to dr 3 mess. The brown resin was 
treated with ether and the insoluble brown impuri- 
ties were removed b 3 ^ filtration. The filtrate, on 
evaporation, 3 delded a pale 3 'ellow amorphous residue 
(6 mg.), 320 m/I (e 11,200), 285 m/i (« 6,400); 

X“0‘ 375 m/I (c 8,600), 343 m/i (e 6,600). 
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The Structure of Escholerine, A Hypotensive Ester Alkaloid 


By S. MORRIS KUPCHAN and C. IAN AYRES 


The structure of escholerine has been eluci- 
dated. Synthesis of proioverine 3-angelate 
6,7-diacetate 15 -/- 2 ’-methylbutyrate af- 
forded a product identical with escholerine. 

E scholerine is one of the main hypotensive 
principles of Verairum eschschohn Gray 
(1,2). Hydrolysis of escholerine has afforded the 
known alkamine protoverine (I) (3, 4, 6), two 
mole equivalents of acetic acid, one mole equiva- 
lent of f-2-methylbutyric acid and one mole 
equivalent of angelic acid (1, 2). The positions 
of the four esterifying acids on the protoverine 
nucleus have now been established, thereby 
effecting the elucidation of the complete structure 
of escholerine. 

A common structural feature of the two known 
naturally-occurring esters of protoverine, pro- 
toveratrine A (II), and protoveratrine B (III) is 
the attachment of acetates at positions Q and 
Ct and of /-2-methyIbutyrate at Cm (G, 7). Con- 
sequently, on a tentative biogenetic basis, one 


might expect a similar distribution of these three 
acids in escholerine. Furthermore, all the hypo- 
tensive protoverine esters studied to date possess 
a free (unacylated) hydroxyl group at Cic. 
Hence to test this hypothesis, the synthesis of 
protoverine 3-angelate 6,7-diacetate 15-1-2'- 
methylbutyrate (VI) was undertaken. 

Protoverine 6,7-diacetate 15-/-2'-methyl- 
butyrate (IV) can be readily prepared from pro- 
toveratrine B (7). Triester IV was treated with 
a limited amount of 3-bromoangeloyl chloride 
(8, 9) to yield protoverine 3-(3'-bromoangelate) 
6,7-diacetate ]5-/-2'-methylbntyrate (V) [oJd 
— 16® (pyr.). The latter compound, on hydro- 
genation, afforded protoverine 3-angelate 6,7- 
diacetate 15-/'2'-methylbutyrate (VI), m. p. 
235-236° (decompn.) [a]i> -28° (pyr.). The 
angelic acid was shoum to be attached to Cs in the 
following manner. A chromic acid titration 
of the tetraester showed the presence of only 
one secondary hydroxyl group and C< was 
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thereby excluded as a site for attachment of 
the angelic acid ester. Furthermore, the 
o.xidation product, on treatment witli alkali, 
afforded a diosphenol with spectral properties 
identical with those of the diosphenol from 16- 
dchydroprotoverine 3,4,G,7,15-pentaacetate (5). 
Therefore, the stmthetic tetraester was protover- 
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ine 3-angelate G,7-diacetale 15-/-2'-methylbutyr- 
ate (VI). The compound showed no depression 
in melting point on admixture udth an authentic 
sample of escholerine. The infrared spectra and 
paper chromatographic behavior of the respective 
samples were identical. 

EXPERIMENTAL 

Melting points are corrected for stem exposure. 
\'alues of [fflo have been appro.ximated to the near- 
est degree. Ultraviolet absorption spectra were de- 
termined on a model 11 MS Cary recording spectro- 
photometer and 95% ethanol was used as solvent. 
Infrared spectra were determined on a Baird model 
B double beam infrared recording spectrophotom- 
eter and chloroform was used as a solvent. 

Protoverine 3-(3'-bromoangeIate) 6,7-diacetate 
15-/-2'-methylbutyrate (V). — Protoverine 6,7-diace- 
tate 15-/-2'-meth5dbut3Tate 1(7), 627 mg., m. p. 232- 
233° (decompn.)] was dissolved in pjHidine (10 cc.), 
cooled to —10°, and treated with 3-bromoangeloyl 
chloride (0.2 cc.). The mixture was stirred until a 
clear r-ellow solution was obtained. The solution 
was allowed to come to room temperature and stand 
overnight. The pH was brought to 9 with dilute 
ammonia and the mixture extracted thoroughly with 
chloroform. The chloroform e.xtract was dried over 
anhj'drous sodium sulfate and evaporated to 3 'ield a 
brown resin (640 mg.). A paper chromatogram em- 
ploying the procedure of Levine and Fischbach (10) 
[n-butyl acetate: ii-butanol; formic acid (25:5: 1 by 
volume)! indicated the formation of a new material 
in a yield of approximately 25%. The resin was 
chromatographed on Merck acid-washed alumina 
( 15 Gm.). The column yielded to benzene, benzene- 
chloroform, and chloroform a series of 3 'ellow oils. 
When developed with cliloroform-1% methanol, 
however, an amorphous material was obtained (110 
mg.), [a]” —16° (c 0.89, p 3 ’r.) whose paper chro- 
matogram indicated that it was homogeneous in 
nature. 

Hydrogenation of Protoverine 3,(3-bromoange- 
latel 6,7-diacetate 15-/-2'-methylbutyrate: Synthesis 
of Escholerine (VI). — The amorphous 3,(3'-bromo- 
angelate) (67 mg. of V. [a] —16°) was dissolved in 

95% ethanol (6 cc.) containing sodium acetate (45 
mg.) and added to a suspension of 10% palladium 
on charcoal (35 mg.) in 95% ethanol (4 cc.) that had 
previously been saturated with hydrogen. After 
two minutes the theoretical uptake of h 3 'drogen was 
consumed and the h 3 'drogenation was terminated. 
The catalyst was removed b 3 ’ filtration and the fil- 
trate was acidified with glacial acetic acid and evapo- 


rated nearly to dryness. The residue was dissolved 
in water, basified with dilute ammonia, and extracted 
with chloroform. The chloroform solution was dried 
over anh 3 'drous sodium sulfate and evaporated to 
3 'ield a resin which was crystallized from acetone- 
water to give colorless plates, m. p. 235-236° (de- 
compn.); [otId" - 28° (c 0.9, P 3 T.): yield, 30 mg. 
The melting point was not depressed on admixture 
with an authentic sample of escholerine.* The in- 
frared spectra and paper chromdtographic behavior 
of the respective samples were identical. .'V second 
crop of material (15 mg.) with m. p. 234-236° (de- 
compn.) was also obtained. 

Chromic Acid Oxidation of Escholerine. — Proto- 
verine 3-angelate C,7-diacetatc 15-/-2'-meth3'lbutyr- 
ate (escholerine, m. p. 234-236°, 15 mg.) in glacial 
acetic acid (5 cc.) was treated with 0.05 A* chromic 
anhydride in 99.8% acetic acid (3 cc. ). The solution 
was allowed to stand at room temperature. Aliquot 
parts titrated after one hour and three hours showed 
the consumption of 1.20 and 1.28 0X3'gcn equivalents 
of chromic acid. An aliquot (4 cc.) taken after one 
hour was treated with excess sodium bisulfite to de- 
stro 3 ' the oxidizing agent, basified with dilute am- 
monia, and extracted with chloroform. The chloro- 
form extract was dried over anh 3 'drous sodium sul- 
fate and evaporated to give a resin (7 mg.). The 
resin was dissolved in 2 cc. of a solution of sodium 
hydroxide (100 mg.) in methanol (10 cc.) and heated 
under reflux for twelve minutes. The reaction mix- 
ture was acidified with glacial acetic acid and evap- 
orated to dryness. The residue was dissolved in 
water, basified with dilute ammonia, and extracted 
with chloroform. Evaporation of the chloroform af- 
forded an amorphous residue ivhich showed Xmnt. 
328 triM (e 12,700) and 381 ln^, (e 8,800). 


REFERENCES 


(1) Klohs, M. W., Keller, F., Kostcr, S , find Mnlesli, 
Am. Chem. Soc., 74, 1871(1952). 

(2) Klohs, M. W., Draper, M., Keller, F., Kostcr, S., 

Malesh, \V., and Petracek, F. J., 76, 1152(1951). 

(3) Kupchan, S M., Neeman, M., Ayres, C. I., Hcnslcr, 

R. H., c ■ ‘ " 1958, 1020. 

(4) .... 'p ^ Ayre.s, C. 1., 

J. Am. . , 

(5) Kupchan, S. M , Ayres. C. 1 , Neeman, M., Hcnsler, 
R. H., Miisamune, T , and PajaRopalan, S., ibid . in press. 

(0) Kupchan, S. Ivl., and Ayres, C. 1., ibid., 81, 1009 
(1959). 

(7) Kupchan, S. M , and Ayres, C. I., ibid., in press. 

(8) Kupchan, S. M., and Afonso, A., J. Org Chem., in 


press. 

(9) Kupchan, S. M., and Afonso, 
7.31(1959). 

(10) Devine, J , and Fischbach, H., 


A., Tiifs Journal, 49, 
ibid., 44, 513(1955). 


> We thank Mr. Murlc Klohs of Riker Laboratories, Inc., 
Northridge, Calif., for a comparison sample of cscholcnm*. 



Veratmm Alkaloids XLI* 

The Structure of Germbudine, A Hypotensive Ester Alkaloid 

By S. MORRIS KUPCHAN and NORBERT GRUENFELDf 


The structure of germbudine has been eluci- 
dated as germine 3-fl'-rArco-2',3'-dihydroxy- 
2 '-methylbut>'rate 15-/-2 -raethylbutyrate (V). 
Oxidation of germbudine with periodic acid 
and subsequent alkaline hydrolysis afforded 
germine 15-/-2'-methylbutyrate (VIII). 

G ermbudine is a minor hypotensive constitu- 
ent of alkaloidal extracts of Veratrmn viride 
(1). Alkaline hydrolysis of germbudine was re- 
ported to yield the known alkamine germine (IX), 
one mole equivalent of 2-methylbutyric acid, and 
one mole equivalent of high melting d-2,3-di- 
hydroxy-2 methylbutyric acid. 

Low melting f-2,3-dihydrox_v-2-methylbutyric 
acid is one of the esterifying acids of neogermbu- 
dine and germitetrine, and high melting d-2,3- 
dihydroxy-2-methylbutyric acid occurs in germ- 
budine and protoveratrine B (1-5). In 1953, 
Nash and Brooker (3) suggested that these two 
acids were diastereoisomers on the basis of their 
diflfering physical characteristics and the identi- 
fication of acetaldehyde and pyruvic acid as 
common periodic acid cleavage products. In 
1955, Myers, et al. (1), confirmed this h)'pothesis 
by synthesis of both acids. The racemic low 
melting diastereoisomer was synthesized by 
hydroxylation of tiglic acid (I) with dilute per- 
manganate and was resolved to obtain the /-2,3- 
dihydroxy-2-methylbutyric acid identical with 
the acid isolated from natural sources Qevo II). 
Hydroxylation of a double bond with perman- 
ganate is knowm to proceed in a cis fashion (6) 
and therefore the loiv melting diastereoisomer is 
the crylhro isomer (II). The racemic high melt- 
ing diastereoisomer w'as synthesized bj" hydroxyl- 
ation of tiglic acid with peracetic acid and was not 
resolved. However derivatives of the racemic 
compound and dextrorotatory natural acid 
show'ed identical infrared spectra. The natural 
acid also had a melting point different from that 
of the synthetic d-crythro acid. Since peracetic 
acid is known to hydroxylate a double bond in a 
Irons fashion (G) the high melting diastereoisomer 
is the ihrco isomer (IV). This assignment is 
supported by the observation that the latter 
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racemic sjmthetic acid has the same melting 
point as the acid obtained on hydroxylation of 
angelic acid (III) with dilute permanganate 

(7). 



Ill IV 

Thus the esterifying acid of neogermbudine and 
germitetrine is /-ery///ro-2,3-dihydroxy-2-methj’l- 
butj'ric acid and the esterifying acid of germ- 
budine and protoveratrine B is d-threo-2,3-di- 
hydroxy-2-methylbutyric acid. These assign- 
ments render the chemical nomenclature of these 
hypotensive alkaloids more meaningful than the 
one based on melting points of the acids (1, 2. 8). 

A common stnictural feature of most naturally- 
occurring diesters of germine is the attachment of 
the acjd groups at Cs and Cis. Neogermbudine, 
w'hich occurs alongside germbudine in Veratrmn 
viride, has been shown to be germine 3-l-erythro- 
2', 3' - dihydroxy - 2' - methyl butyrate 15 - / - 2'- 
methylbutyrate (VI) (2). Germbudine and 
neogermbudine possess very similar melting 
points, optical rotations, and infrared spectra (1). 
They also demonstrate very similar paper chro- 
matographic behavior. The ethylene chloride- 
cellosolve acetate-pjaridine system of Levine and 
Fisclibach (9) proved adequate for their separa- 
tion, but only after prolonged development. 

On the basis of the similarity of phj'sical con- 
stants. the possibility that germbudine could be a 
diastereoisomer of neogermbudine was formu- 
lated as a working hypothesis for the elucidation 
of its structure. Germbudine, in agreement with 
the postulation of a Cs, Cis diester and the conse- 
quent presence of only one free glj’col group (that 
of the dihvdroxy acid) consumed 0.S5 mole 
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equivalent of periodic acid. The periodic acid 
titer did not distinguish between the C3, C15 and 
the C4, C16 diester structures. The presence of an 
acyl moiety at C 4 was deemed highly improbable 
on biogenetic grounds. No C 4 ester has been 
found among the more than twenty naturally- 
occurring derivatives of the veratrum alkamines 
veracevine, germine, protoverine, and zygadenine 
(2, 8 , 10-14). Evidence in favor of the C3, Cis 
structure was obtained by chromic acid titration 
of the diester. Germbudine demonstrated a 
chromic acid consumption which paralleled that 
of neogermbudine and indicated the presence of 
three secondary hydroxyl groups. 

The specific location of each acyl group was 
determined by the selective removal of the d- 
//;reo-2,3-dihydroxy-2-methylbutyryl moiety by 
a procedure similar to that employed for the 
structure elucidation of protoveratrine B (13). 
Oxidation of germbudine with periodic acid at 
room temperature for three hours gave, as deter- 
mined by paper chromatographic analysis, a 
quantitative yield of a product of higher R / than 
the starting material [presumably germine mono- 
2-methylbutjTate mono-pyruvate (VII)]. Tak- 
ing advantage of the facile base-catalyzed hydrol- 
ysis of pyruvate esters (13, 15), the periodic acid 
oxidation mixture was rendered alkaline with 
ammonia after decomposition of excess periodic 
acid n-ith sodium bisulfite and was kept at room 


temperature for twenty minutes. Paper chro- 
matographic analysis of the chloroform extracted 
product revealed partial conversion to a com- 
pound having the same R/ as germine-15-/-2'- 
methylbutjTate (VIII) (2, 16). Incomplete hy- 
drolysis may have been due to the formation of a 
bisulfite addition compound at the ketone func- 
tion of the pyruvate. Retreatment of the prod- 
uct with dilute ammonia led to complete hydrol- 
ysis. Crystallization from chloroform-ether gave 
a product shorvn by infrared spectrum, paper 
chromatographic, and melting point behavior to 
be germine 15-/-2'-methylbutyrate. Hence the 

2 - methylbutyric acid of germbudine is assigned 
the hvo configuration, and germbudine is germine 

3- d-rtreo-2',3'-dihydroxy-2'-methylbutyrate 15- 
/-2'-methylbutyrate (V). 

The degradation of neogermbudine by a se- 
quence of steps paralleling that described for 
germbudine also gave germine 15-/-2'-inethyl- 
butyrate. This route was found to be more ele- 
gant than the sodium borohydride method em- 
ployed earlier ( 2 ). 

EXPERIMENTAL 

Melting points are corrected for stem c.xposure. 
Infrared spectra were determined on a Baird model 
B double beam infrared recording spectrophotom- 
eter and cidoroform was used as the solvent. 
Paper chromatograms were run by the descending 
technique employing Wliatman No. 1 paper. 
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Paper Chromatography. — The procedure and sol- 
vent systems employed were similar to those de- 
scribed by Fischbach and Levine (9, 17) for an 
ascending technique. This method involves the use 
of prewetted pH 3.5 buffered paper and the detection 
of alkaloids by sprajdng with a chloroform solution 
of bromphenol blue. The solvent S3’’stems used 
were: (A) the solution prepared b3' adding 1 cc. of 
formic acid to the separated organic layer of the sys- 
tem n-but3'l acetate-n-butanol-water (10:25:10); 
(5) cellosolve acetate-ethylene chloride-p3Tidine 
(10:15:1). S3^stem B was used for testing the 
homogeneity of germbudine,* neogermbudine,* and 
germine - 15 - f - 2' - methylbutyrate. Separation of 
these alkaloids was successful on development for 
eighteen hours allowing solvent to run off the paper, 
as Rf values were relatively low. S3''stem B, de- 
velopment period of twelve hours, was utilized to fol- 
low periodic acid oxidations and degradations of 
germbudine and neogermbudine. System A was 
employed for differentiation of germine 15-1-2'- 
methylbutyrate and germine 3-/-2'-meth3dbut3'rate 
(protoveratridine) (8). 

Degradation of Germbudine to Germine lS-l-2'- 
Methylbutyrate. — Germbudine (V, 21 mg.), m. p. 
159-161°, was dissolved in 5% acetic acid (5 cc.); 
0.05 M periodic acid (15 cc.) and sufficient distilled 
water to dilute the solution to 25 cc. were added. 
The periodic acid consumption, as determined by ti- 
tration of 1-cc. aliquots (18), was 0.85 mole equiva- 
lent after one and after three hours. The remainder 
of the solution was first treated with 7% sodium 
bisulfite (10 cc.) and then ivith sufficient 2 N am- 
monium hydroxide to bring the solution to pH 8.5-9. 
After standing at room temperature for twenty min- 
utes, the ammoniacal solution was extracted with 
chloroform; the combined chloroform solution was 
washed with water, dried with sodium sulfate and 
evaporated to dtymess under reduced pressure. The 
paper chromatogram of the reaction product revealed 
the absence of starting material; it also suggested the 
presence of germine 15-f-2'-niethylbut3Tate (VIII) 
and of a second product of Rf higher than that of 
germbudine [possibty germine 3-pyruvate 15-/-2'- 
meth3dbutyrate (VII)]. The reaction product was 
dissolved in 5% acetic acid (5 cc.) and a few drops of 
chloroform; sufficient 2 A'^ ammonium hydroxide was 
added to bring the solution to pH 9. The mixture was 
kept at room temperature for twenty minutes and 
then extracted with chloroform. The chloroform 
extract was washed, ^ried, and evaporated to dryness 
to give a product (15 mg.) which proved homoge- 
neous on paper chromatographic analysis and showed 
Rf identical to that of germine 15-Z-2'-methylbuty- 
rate (VIII). The crude product was dissolved in a 
drop of chloroform, e.xcess ether was added, and the 
flocculcnt precipitate which formed immediately 
was removed by filtration. Wliite elongated prisms 
(9.5 mg. ) separated from the filtrateon standing over- 
night and were recr3"stallizcd twice from chloroform- 
ether, yield 5 rag., m. p. 222-224° (decompn.). No 
melting point depression was observed on admixture 
with an authentic sample of germine 15-/-2'-meth3d- 
butyrate and the infrared spectra of the respective 
samples were identical (2, 16). The paper chro- 
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matographic behavior of the product was the same as 
that of the authentic sample and different from that 
of protoveratridine, germine 3-7-2 '-methylbutyTate 
( 8 ). 

Degradation of Neogermbudine to Germine 15-7- 
2 '-Methylbutyrate. — Neogermbudine (VI, 19.4 mg.), 
m. p. 149-152° (decompn.), was submitted to the 
degradation procedure described for germbudine. It 
showed a periodic acid uptake of 1.0 mole equivalent 
after one hour and 1.1 mole equivalents after three 
hours. Workup of the periodic acid oxidation mix- 
ture led to the isolation of germine 15-7-2'-methyl- 
butyrate (VIII); first crop, 2.5 mg., m. p. 220-222° 
(decompn.); second crop, 5 mg., m. p. 215-218° 
(decompn.). 

Chromic Acid Titrations.— The alkaloid (ca. 1 X 
10~* mM) was dissolved in glacial acetic acid (3 cc.) 
and treated with a solution of chromie anhydride in 
acetic acid containing 0.2% of water (2 cc., 0.055 N). 
The oxidation was allowed to proceed at room tem- 
perature and 2-cc. aliquots were withdrawn after re- 
action periods of one and two hours. The chromic 
acid in oxidation mixtures and blank was reduced 
with 10% potassium iodide solution (5 cc.) and the 
released iodine was titrated with standard 0.01 N 
sodium thiosulfate. The results of titrations run on 
identical molar concentrations of germbudine, neo- 
germbudine, and germine 15-7-2 '-methylbutyrate are 
given in Table I. 


Table I. — Chromic Acid Titrations 



Oxygen Equivalents of 
Chromic Add Consumed 


Theo- 

Found, 

Found, 

Alkaloid 

retical 

1 hr. 

2 hr. 

Germine 15-7-2 '-methyl- 




butyrate (VIII) 

3 

3.0 

3.3 

Neogermbudine (VI) 

3 

2.9 

3.3 

Germbudine (V) 

3 

3.0 

3.3 
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An Improved Colorimetric Method for the 
Determination of Meprobamate in Biological Fluids* 

By ALLAN J. HOFFMANf and B. J. LUDWIG 

A colorimetric procedure is described for the microdetermination of meprobamate 
in biological fluids. Meprobamate is extracted from plasma or serum using mixed 
chloroform-carbon _ tetrachloride solvent, and color development is effected by 
treatment with ^-dimethylaminobenzaldehyde and antimony trichloride in acetic 
anhydride. The color intensity measured at 550 mg is proportional to the concen- 
tration over the range of 0.5 to 10 meg. A suitable modification of the extraction 
procedure for use with urine specimens is also described, which permits separation 
of meprobamate from the higher concentration of endogenous interfering sub- 
stances present in urine. Determination of meprobamate concentrations in blood 
specimens from normal adult subjects indicates that a peak concentration of this 
drug is attained about two hours after oral administration. 


Tn E.A.RLIER PUBLICATIONS (1-7) it has been 
shown that orally administered meprobamate 
is readily absorbed into the blood stream from the 
gastrointestinal tract of experimental animals and 
of humans and is excreted in the urine in an un- 
changed form, as a hydroxylated derivative, and 
in the form of a yet unidentified glucuronide. The 
analytical methods used in connection with these 
studies generally employed nonspecific colori- 
metric procedures or depended solely or partly on 
chromatographic separation. In some animal 
studies C'''-labeled meprobamate was utilized as a 
basis for analysis. None of the published meth- 
ods permits a rapid and practical estimate of me- 
probamate content in blood and urine in the con- 
centrations normally encountered and in the pres- 
ence of endogenous interfering substances. 

Ludwig and Hoffman (8) described a chemical 
reaction between meprobamate and certain alde- 
hydes which served as a basis for a colorimetric 
procedure for the determination of this drug. It 
is the purpose of this publication to present a sim- 
plified and improved modification of this highly 
specific method and to show its application to a 
series of blood concentration and urinary excre- 
tion studies conducted on adult human subjects. 

hleprobamate develops an intense red-violet 
color when reacted with certain aldehy^des and 
anhydrous metallic salts in the presence of acid 
dehvdrating agents.* An examination of the ac- 
tion of a number of such combinations led to the 
selection of ^-dimethylaminobenzaldehyde and 
antimony trichloride in acetic anhydride as the re- 

* Received June 22, 1959. from Wallace Laboratories, 
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* The nature of the colored compound has not been investi- 
gated. Since the intense color development characteristic of 
this reaction apparently requires the participation of certain 
cations in the form of their anhydrous halides (SbCh, SiCIi, 
ZnCb. etc.) it is unlikely that the colored compound possesses 
the simple anil structure postulated by Foley, Sanford, and 
McKennis (9) for a similarly colored compound formed from 
aniline and furfural. 


agents of choice from the viewpoint of prompt and 
consistent color development, permanence of color 
intensity, and adherence to Beer’s law. This 
color reaction is specific for unsubstituted amides. 
By proper selection of extraction solvent inter- 
ference from naturally-occurring amides, urea, 
etc., can be reduced to an insignificant minimum. 
Because of the greater water solubility of both hy- 
droxymeprobamate and the glucuronide conju- 
gate of this drug, the extraction procedure as de- 
scribed does not remove these metabolic products 
of meprobamate from the usual body fluids. 
When carried out according to the procedure 
given below, this method will permit the accurate 
determination of meprobamate in urine, plasma, 
serum, or spinal fluid in concentrations from 0.5 to 
10 meg. per ml. 

EXPERIMENTAL 

Reagents and Apparatus. — Reagent grade ma- 
terials are used throughout and all solvents are re- 
distilled through a packed column before use. Loiv 
actinic containers fitted with glass stoppers or Teflon- 
lined closures arc recommended. 

Antimony Trichloride-Acetic Anhydride Re- 
agent (ATA Reagent ). — A stock solution consisting 
of a saturated solution of antimony trichloride in 
chloroform (approximately 25% w/v) is first pre- 
pared by warming the mixture on a hot plate to solu- 
tion, cooling, and filtering through Whatman 4111 
paper. ATA reagent is prepared by combining 
four volumes of this stock solution with one volume 
of acetic anhydride. This reagent is stable for 
two days when stored under refrigeration. 

^Dimethylaminobenzaldehyde Solution (DMB 
Reagent). — A 1% w/v solution of the aldehj'dc in 
benzene. When stored in the refrigerator, this solu- 
tion is stable for about one month. 

Acetic Acid-Acetone Reagent (AAA Reagent). — 

A mixture of three volumes of reagent grade acetone 
and one volume of glacial acetic acid. 

Mixed Solvent. — A mixture of equal volumes of 
carbon tetrachloride and chlorofonn. 

Procedure. — One milliliter of pl.asma or sernin is 
transferred to a 40-ml. glass-stoppercd centrifuge 
tube. Two drops of 2S% ammonium hj'droxide. 2 
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drops o{ saturated potassium chloride solution, and 
25 ml. of mixed solvent are added. A reagent blank 
consisting of 1 ml. of distilled u’ater, ammonium 
hydroxide, potassium chloride solution, and mixed 
solvent is run simultaneously. The tubes are shaken 
vigorously for five minutes, then centrifuged for ten 
minutes. The organic layer is then carefully 
removed noth a 30-ml. hj'podennic syringe fitted 
with a 10-cm. needle and passed into a second 
centrifuge tube through a small pledget of PjTex 
glass wool (previously extracted with chloroform). 
The glass wool is rinsed with 5 ml. of mixed solvent 
and the combined extract and rinse solutions 
evaporated to drj'ness bj' immersing the tube in an 
oil bath at 80°. The tubes are rinsed down with a 
few ml. of acetone and the heating continued until 
the tubes are thoroughly dried. Color develop- 
ment is then effected by adding 0.2 ml. of AAA 
reagent followed by 0.2 ml. of DMB reagent and 
mixing. One ml. of ATA reagent is pipetted into 
the tubes, the contents mixed, the tubes stoppered 
and placed immediately in a 59° water bath, and 
held at this temperature for e.xactly ten minutes. 
The tubes are removed and cooled bj' immersing 
in cold water and then diluted with 1 ml. of benzene. 
The colored solutions are transferred to Corex 
glass-stoppered absorption cells and the absorb- 
ance measured using a Beckman DU spectropho- 
tometer at a wavelength of 550 m^. A graph of the 
absorbance as a function of wavelength is shown in 
Fig 1. Solutions of meprobamate in distilled 
water carried through the complete procedure as 
described are used to establish the calibration curve. 
The absorbance is directly proportional to the 
concentration over the range of 0.5-10 meg. of 
meprobamate. Color intensity remains constant 
for at least one hour. 

Conformity with Beer’s Law, — A solution of me- 
probamate in water was prepared and aliquots con- 
taining 0, 2, 5, and 10 meg. were diluted to 1 ml. with 
distilled water in one scries and with normal human 
plasma in another series and treated in accordance 
with the above procedure. The absorbances of the 



too tSO 500 520 .'ilO 500 5S0 fiOO 

wavelength, mu 

1 .-—Absorption spectrum of meprobamate, 
p-dunethylanunobeiizaldehyde and autimonv tri- 
riilondc color reaction. Determined with Beckman 
DU spectrophotometer using 1-cm. Corex cells, 
slit width 0.025 mm. 


colored solutions were read at 5.50 mp against the 
prepared blank and were plotted against tlieir 
respective concentrations (Fig. 2). The absorb- 
ances of solutions containing 0 to 10 meg. of 
meprobamate gave a straight line relationship 
indicating conformance wdth Beer's law. The 
agreement between the distilled water and the 
plasma values at each concentration established 
tliat interfering components in plasma had been 
satisfactorily eliminated using this extraction 
procedure. 

Similar studies made on human serum resulted in 
comparable recoveries of meprobamate and the 
procedure without modification was found to be 
suitable for spinal fluid studies. The presence of 
hemoglobin in plasma or serum had no adverse 
effect on this analytical method. 

Accuracy and Precision.— To establish tlie accu- 
racy and precision of this procedure, eight determi- 
nations were made at each of three concentrations 
in both water and normal human plasma. The pre- 
cision at each level of concentration for each series is 
given in Table I. 


Table I. — Recovery of Meprobajiatb 
Water and Human Plasma 


Mepro- 

bamate 

Added 

rocg./ml. 

2.0 

5.0 

10.0 


Absorbance, 

550 m/i 
(Mean of S 
Determinations) 
Water Plasma 

0.158 0 166 

0 371 0.379 

0.734 0.741 


Standard Deviation 
SD = (l/JVC»-i)«)V! 
Water Plasma 

0.0127 0,0155 

0.0158 0.0166 

0 0280 0.0305 



123456789 10 11 
AIEPROBAMATE, mcg./ml. 


Absorbance of meprobamate, i>-di- 
methylammobenzaldehyde and antimony trichloride 
color reaction as a function of concentration: 
O water; • plasma. Vertical lines denote 
magnitude of standard deviation for plasma deter- 
minations. 


Analysis of Urine Specimens.— Urines of subjects 
receiving meprobamate collected during the twenty- 
four-hour period following administration generally 
contain meprobamate in amounts several-fold times 
the blood concentration of this drug, necessitating 
a 1:5 or 1:10 dilution prior to extraction. These 
dilutions contain interfering amounts of urea and 
other substances, and must be subjected to an 
additional treatment step before color development 
is attempted. 

The residue obtained on evaporation of the 
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clarified mixed solvent extract is heated for fifteen 
minutes at 50° with 1 ml. of 0.2 lY hydrochloric acid. 
It is then made alkaline with ammonia, potassium 
chloride solution added, and the procedure carried 
through as described above. 

Application to Blood and Urine Specimens — Six 
health}- human adults were administered two 400-mg. 
tablets of meprobamate and blood specimens taken 
at one, two, four, six, eight, and twelve hours 
were analyzed for their meprobamate content. 
The individual values and a curve representing an 
average are plotted in Fig. 3. The peak blood 
concentrations occurred at about two hours, fol- 
lowed by a steady deeline for ten hours or longer. 
At peak concentration, it is estimated that the total 
content of meprobamate in blood of these adult 
human subjects was about 15% of the ingested 
dose. 

The meprobamate content of urines from several 
normal adult humans ingesting similar quantities of 
this drug were determined using the procedure as 
modified for urine analysis. In general, approx- 



Fig. 3.- — Individual plasma concentrations of 
meprobamate for adult human subjects receiving 
two 400-mg. tablets. Hea\-y line represents average 
of six individual studies. 


imately 10% of the drug was excreted unchanged in 
the urine during the twenty-four-hour period fol- 
lowing ingestion and a few additional per cent 
was excreted in the subsequent twenty-four-hour 
period. These findings are in agreement with 
those noted b\' others (1,4, 5). 

DISCUSSION 

A comparison of these human blond concentration 
values with those of experimental animals is of 
interest. Laboratory mice receiving substantially 
larger oral doses of meprobamate (300 mg./Kg.) 
showed a peak blood content of 245 mcg./inl. 
about one-half hour after oral administration. This 
result is consistent with the findings of Walkenstein, 
et al. (4), who reported that the peak C“ eontent of 
lung, liver, heart, spleen, and kidney oceurred 
thirty minutes after oral administration of C"- 
labeled meprobamate (400 mg./Kg.). In each 
case the rate of disappearance of meprobamate 
approximated that observed in humans. Whether 
this difference in time required to attain peak blood 
concentration is a function of the magnitude of the 
dose administered, or represents a significant species 
difference has not been elucidated. 

A number of blood speeimens from subjects 
who had consumed quantities of meprobamate far 
in excess of that usual!}- prescribed were found to 
contain 100 to 200 mcg./ml. One such patient 
who allegedly consumed 12 Gm. of this drug had 
serum and spinal fluid levels of 182 and 50 mcg./inl., 
respectively. The urine of this patient contained 
0.25% meprobamate. 

SUMMARY 

Meprobamate reacts with /)-dimctliylamino- 
benzaldeliyde and antimony trichloride in the 
presence of acetic anhydride to give a red-violet 
color having an absorption maximum at 550 mit. 
Concentrations of meprobamate in biological 
fluids have been accurately determined by use of 
a suitable extraction procedure and application 
of this color reaction. 
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A Pharmacognostical and Phytochemical Study of 
Maianthemuni Canadense (Desf.)* 

By C. W. DICKERSONf 

A number of valuable plant constituents have been obtained from the Lily family 
and, therefore, Maianthemum Canadense (Desf.) was deemed worthy of investiga- 
tion. The taxonomy, distribution, and habitat of Maianthemum Canadense (Desf.) 
are recorded herein. A study of the morphological and histological features of the 
leaf, root, and whole plant powder, and the phytochemical and pharmacological 
properties of whole plant extracts are also described. 


E xamination of the scientific literature per- 
taining to Maianthemum Canadense (Desf.) 
revealed that the pharmacognostical, phyto- 
chemical, and pharmacological properties of this 
plant have not been recorded. 

The plant was originally described by Rene 
Desfontaines, who gave it the name Maianthe- 
mnm, derived from the Latin, Maius meaning 
May; and the Greek, anthemon meaning flower 



Fig. 1. — Flowering plants of Maianthemum Cana- 
dcnsc (Desf.). 
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(1) . The available information does not show 
any chemical analysis of Maianthemum Cana- 
dense (Desf.), but in 1907 Eldridge and Liddle 

(2) published their phytochemical study of 
Smilacina racemosa (Desf.). which closely re- 
sembles Maianthemum. Their results were as 
follows: the berries contain tartaric and oxalic 
acids, possibly in the form of potassium salts; 
tannin; levulose; and also some dextrose. The 
seeds contain levulose; fixed oil in the form of 
olein and palmitin; and some gum. 

TAXONOMY 

Maianthemum Canadense (Desf.) is a member of 
the family Liliaceae (Lily family). The most widely 
used synonym is wild lily-of-the-valley along with 
other common names of Canada raayflower and 
bead ruby, which are recorded by E. H. Hausman 

(3) . According to A. B. Lyons (4) it is classified 
as follows: Unifolium Canadense (Desf.) Green 
(Maianthemum Canadense (Desf.) and Smilacina 
bifolia, var. Canadensis A. Gray). N. L. Britton, 
and A. Brown (5), and M. L. Fernald (1) also give 
false or wild lily-of-the-valley and two-leaved 
Solomon’s seal as the common names. The Index 
Kewensis (6) records several names that have been 
given in the past; Bifolium by Gaertn., Mey, and 
Scherb.; Mata by Salisb.; Sciophila by Wibel; 
Styandre by Baffin ; and Unifolium by Hall., 
Enum., Stirp., and Helv. 

MORPHOLOGY 

The description of the plant found in Mecosta 
County, Big Rapids, Michigan, follows the descrip- 
tion given in Gray’s Manual of Botany (1), “ex- 
tensively creeping, the freely-forking filiform rhi- 
zomes bearing stalked tuberous enlargements; a 
single cordate leaf accompanying the flowering 
stem; the latter erect, glabrous, 0.5-2. 5 dm. high, 
bearing two or three glabrous leaves; lower cauline 
leaf 2-10 cm. long; flowers sweetl}^ fragrant, the 
perianth segments about 2 mm. long.” See Fig. 1. 

DISTRIBUTION AND HABITAT 

Maianthemum Canadense (Desf.) is found abun- 
dantlj' in wooded areas and recent clearings, in sandy 
humus soil. It often ascends to the subalpine areas 
of Labrador, south to Newfoundland, New England. 
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Long Island, Delaware, Pennsihania, upland to 
Georgia. Tennessee, and Iowa 

In Michigan it is iiideh distributed and found in 
moist uoodcd areas throughout the upper and loner 
peninsula 


EXPLRIMENTAL 

Leaf. — Two methods of imeroscopical studj nerc 
used The use of a microtome nas einplojed and 
the usual preparation of the specimen was folloned 
The mountings obtained by the microtome method 
Mere not satisfactor) for dranmg purposes, therefore 
fresh cuttings nere made and mounted in chloral 
hidrate nater These cuttings nerc obser\cd at 
10 X and 43 X 

The leaf of Maianthcmum Canadense (Desf ) is 
typical of the Lilj familj The upper and loner 
epidermis has a striated cuticle nitli one ron of short 
palisade cells, and is isodiametrical The spong\ 
parenchj ma is compact nith a fen of the cells con- 
taining calcium oxalate raphides Surrounding 
the vascular bundle is a ring of fibers (m older leai es) 
and one ron of collenchyma cells, particular^ at the 
lower surface of the leaf Representing the con- 
ducting tissues are small tracheae and tiny sie\e 
tubes The cells of the upper and loner epidermis 
are elongated with navj' nails, haring stomatal 
apparatuses onlj on the Ion er epidermis surrounded 
by four, or rarelj by fire, neighboring cells See 
Figs 2 and 3 

Rhizome. — Epidermis consists of elongated cells 
accompanied by one ron of collench) nia Filling 
the parenchjma of the pericrcle are small starch 



Fig 2 — Cross section of leaf A, Upper epi 
dermis, B, palisade cells, C, spongj' parenchyma 
rrith calcium oxalate raphides, D, lorrer epidermis, 
E, tracheae, F, sieve tissue, G, bast fiber, H, col- 
lenchjma 



grains, the smallest being 15 ii, the 1 irgcst 37 ,) n 
nith an axerage of 23 2 m, and calcium oxahte 
raphides m bundles from 22 5 to 45 ju nith an .ircr 
age of 33 S Ai The endodcrniis is shghtlr hgiiificd, 
consisting of one or, m some c ises, trro rorrs of cells 
The tracheae are arranged in groups suriounding the 
pith See Fig 4 

Porvdered Root and Rhizome — The ponder is 
charactenzed br numerous small starch grams cil 
cium oxalate raphides, fragments of tracheu, 
sclercnch} ma fibers, and p irencln ma 

Powdered Leaf. — The idcntir\ing features of the 
pondered leaf are the calcium oxalate raphides, the 
characteristic epidermal cells, and the striated cuticle 
of those epidermal cells at the margin of the leaf 
See Fig 5 

Phytochemistry — Collections of the whole phut 
\\ ere made m and around the Big Rapids, Michig in 
area during the latter part of April and Maj 1957 
The material collected was dried at room tempera 
ture for three daj s before grinding m a hammer null 
to a fine pon der This pov der pro\ ed to be x erj 
irritating to the nasal mucos i 

Prehmmar 5 ' chemical tests nerc conducted oil 
water infusions of the material collected and tin 
following results tabulated 


Substance 

Alkaloids 


Tannins 

Reducing substances 
(sugars, glj cosidcs, 
and saponins) 
Saponins 


Reagent Result 

AiiCl, T S 

Ma> er s reagent — 

Picric acid T S — 

FcCljT S -f 

Fchhiig'sT S + 


2% Rat blood + 
suspension 


Since the preliminary tests indicated the presence 
of saponins, further inx estigation dealt with the 
isolation of this tjpe of compound 

Twenty grams of the pondered plant were placed 
in Soxhlct extraction thimbles and extracted with 
petroleum ether for forty eight hours, J leldiug 
0 40 Gm of a green, waxy, resinous materi il (All 
} lelds innicated hax e been evaporated and desiccated 
to constant weight ) The solvent was then changed 
to ethjl ether and extraction continued for forty 
eight additional hours This soKent jiclded 0 4,3 
Gm of a green scmioilj material The thinihlcs 
xvere then placed in 300 ml of sterile distilled n.iter 
containing a small amount of chloroform to retard 
mold growth After fortj eight hours of soaking, 
the thimbles were reinoxcd and tlic solution vaciiimi 
filtered through pumice The filtrate n.as then 
passed through 1 X 10 inch coluimis of Alcoa 
actuated aliumna which adsorbed i large portion 
of the coloring matter and other iiiin anted iiiipuri 
tics The filtrate obtained was then ex iporated 
without the use of lieat m a xaciium desiccator until 
erj stalhzation took place The crjstals were then 
tiltercd out, jieldiiig 0 00 Gm (0 3%) of a jellon 
crxstallinc material plus a jcllon amorphous sub 
stance Varx mg .imounts of ethx 1 alcohol and iso 
propjl alcohol nerc pissed through the aluiiiiii 
columns following the aqueous extr.ict, in order to 
deterraiiic the e'tciit to which the extr ict was ad- 
sorbed on the alumni i 

Attempts to isolate the ictiee principle hj c' 
traction with 95% cth mol .irid subsequent piirifici 
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Fig 4 Top — Cross section of rhizome in high 
power A, Epidermis; B, collenchyma, C, peri 
cycle; D, parenchyma with calcium oxalate raph 
ides, E, parenchyma with starch grains; F, endo- 
derm, G, tracheae 

Bottom — Cross section of rhizome in low power, 
A, Epidermis, B, collenchyma, F, endoderm, G, 
tracheae 


R 



Fig. 5 Top — Powdered root and rhizome A, 
Fibers; B, calcium oxalate raphides, C, tracheae, 
D, parenchyma; E, starch grains. 

Bottom — Powdered leaf. A, Lower epidermis 
with stoma; B, calcium oxalate raphides, C, upper 
epidermis; D, fragment of vascular bundle, E, 
chlorophyll grains, F, lower epidermis With spongy 
parenchyma 


tion of this extract with lead subacetate were un- 
successful 

Column chromatography was also attempted in 
the separation of the active constituents from the 
waters' extract, but they were not adsorbed on the 
column and percolated through it, leaving this 
method advantageous only in purification 

The two portions isolated vere then tested for 
their hemolytic effect on rat blood The crystals 
proved to be some impure, unidentified substance 
with no hemolytic properties, but the amorphous 
substance caused extensive hemolysis 

PRELIMINARY STUDY OF 
PHARMACOLOGIC ACTIVITY 


made into the femoral vein Average responses 
were as follows • 

Animal Dose Effect 

Cat 0 2 ml /Kg No effect 

Cat 1 0 ml /Kg Transient fall to 80% of 
normal 

Rat 1 0 ml /Kg Transient fall to 75% of 
normal 

Rat 2 0 ml /Kg Transient fall to 50% of 
normal 

From these results it was impossible to ascertain 
definite pharmacological properties Additional 
pharmacologic investigations are in nrogress 
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Quantitative Determination of Flavanones in Citrus 
Bioflavonoids by Potassium Borohydride Reduction* 

By KENNETH M. ROWELL and DONALD H. WINTER 

Flavanones reduced with potassium borohydride and acidified with hydrochloric 
acid develop red to violet colors. This reaction forms the basis for a quantitative 
spectrophotometric method for the determination of flavanones. The procedure 
outlined is suflSciently sensitive to determine quantitatively solubilized flavanones 
at concentrations of 0.02 mg./ml. Determinations of flavanone content of typical 
pharmaceutical formulations containing citrus bioflavonoids demonstrate complete 
recovery of added bioflavonoids. The method is rapid and the results are repro- 
ducible. 


EFiNiTivE PAPERS dealing with molecular 
structure, chemical properties, and biogene- 
sis of flavanones have been written by T. A. 
Geissman^ef al. (1, 2). Physiological properties, 
capillary and stress effects primarily, have been 
reported by Scarborough and Bacharach (3), 
Levitan (4), Martin (5), to mention a few. 



Fig. 1. — .Absorption spectra of colored substances 
formed by reduction and subsequent acidification 
of the flavanones. (1) X'aringin; concn. 2.08 
-//ml., raa.x. 552 m/i; (2) Hesperidin: concn. 4.33 
7 /ral., ma.\'. 560 inp; (3) Xaringenin; concn. 2.08 
-//ml., max. 535 mii; and (4) Hesperetin: concn. 
2 08 -,/ml., max. .540 mn. Solvent: -Acid reagent. 
10-mm. Pyre.x cells used. 

♦ Received October 21. I'JoS, from the Orance Products 
DiMsion, Sunkist Growers, Ontario, 


Methods for quantitative estimation of flava- 
nones, chief group of bioflavonoids in citrus, have 
been generally unsatisfactory. The gravimetric 
as well as previous colorimetric metliods lack 
specificity and convenience especially when ap- 
plied to finished pharmaceuticals containing small 
amounts of flavanones compared to other ingre- 
dients. Colorimetric methods based on the cyani- 
din reaction (1) appeared to warrant careful con- 
sideration. Earlier attempts to adapt this reac- 
tion to the quantitative determination of flava- 
nones have been of limited utility because of the 
difficulty in controlling the large amount of heat 
generated during magnesium reduction, with con- 
sequent variation in the colors produced. It was, 
therefore, desirable to find a better method of re- 
duction of the flavanones with controlled color de- 
velopment. 

In recent years the complex saline hydrides 
have become commercially available and have 
been shown to possess specific reducing properties 
(6, 7). Bauer, Birch, and Hillis (8) reported the 
reduction of flavanone with sodium borohydride 
yielded 4-chromanol, m. p. 14G°. These in- 
vestigators also reported the flavonols rutin and 
quercetin were not reduced by sodium borohy- 
dride. Horowitz (9) tested many flavonoids and 
found only the flavanones produced red to violet 
colors when reduced with NaBH/ and acidified 
rvith hydrochloric acid. He used NaBHj fol- 
lowed by hydrochloric acid as a spray reagent 
to locate flavanone spots separated by paper 
chromatography, 

EXPERIMENTAL 

Selection of Reducing Agent. — Preliminary experi- 
mentation with sodium borohydride and potassium 
borohydride for the reduction of flavanones in alco- 
holic and aqueous .solutions showed that little heiit 
was liberated during the reduction. It rvas also 
found that reduction to form a .stable colorless com- 
pound could be accomplished by a noncolor-produc- 
ing acid, e. g , acetic acid, enabling a final well- 
controlled color development ivitli hydrochloric 
acid. Because potassium txirohydride is non- 
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hygroscopic and reacts less vigorously in an aqueous 
system than sodium borohydride, it proved the 
more satisfactory metallic hydride. In addition, 
uniform results were obtained using various lots of 
potassium borohydride. 

Apparatus. — ^Absorbance measurements were 
made with a Beckmann model B spectrophotometer 
using 10-mm. Pyrex cells. Glassware used con- 
sisted of Normax volumetric pipets and flasks, Pyrex 
test tubes (20 X 150 mm.) with polyethylene stop- 
pers. A Water bath witli a temperature 20° ± 
0.5° was used for the adjustment of volumes and 
temperature control. - 

Reagents. — Potassium borohydride, 97-f-%, 
(Metal Hydrides Co., Beverl3', Mass.). "Acid 
reagent” ; prepared by diluting 5 ml. of hydrochloric 
acid, (reagent, A. C. S.)to 100 ml. volume with glacial 
acetic acid, (reagent, A. C.- S.). Sodium hydro.xide 
solution, 0.1 JV. Acetic acid solution, 0.5 JV. 

Preparation of Standard Flavanone Samples. — 
Flavanone glycosides and their corresponding agl3’- 
cones were purified from commercialli’ available ma- 
terials by appropriate procedures. 

Hesperidm {Hesperelin-7-r)mmnoglucoside). — Col- 
orless needles melting at 261-263° with decompn. 
(10, 11), gravimetric purity 98-)-%. 

Hesperelin (3', 5, 7,-Trihydroxy-4'-methoxy Fla- 
vanone). — Colorless plates melting at 232-234° 
with decompn. (12). 

Naringin Dihydrate {Naringenin-7-rhaninoglnco- 
side). — Colorless needles melting at 170-172° 
with decompn. (13), gravimetric purity 98 -h%- 

Naringenin (4', S, 7-Trihydroxy Flavanone ). — 
Colorless needles melting at 249-251 ° with decompn. 
(13). 


ANALYTICAL PROCEDURE 

Preparation of Flavanone Solutions. — Weigh 50 
mg. of the flavanone (100 mg. in the case of hesperi- 
din) into a lOO-ml. tmlumetric flask. Solubilize the 
flavanone by adding 10 ml. of 0.1 N sodium h3'- 
droxide. Adjust the volume to 100 ml. with distilled 
Water. Prepare final solution b3'' diluting 1:10 for 
hesperidin; 1:20 for hesperetin and naringin; 1:40 
for naringenin, with distilled u-ater. 

Reduction. Pipet 5 ml. of the final diluted flava- 
none solution into a test tube (20 X 150 mm.) con- 
taining 50 mg. of potassium boroh3'dride. When 
the potassium borohydride has dissolved, add drop- 
u ise S ml. of 0.5 N acetic acid to reduce the flava- 
none. 

Color Development. — Into a pol3’cthylene-stop- 
pered test tube pipet 5 ml. of “acid reagent.” Pipet 
1 ml. of tlie reduced flavanone material into the 
"acid reagent" tube. Shake and place in the 20° 
water batli. The color which develops is read 
against a blank prepared just prior to reading and 
consists of 1 ml. of the reduced material plus 5 ml. 
of glacial acetic acid. It is necessar3' to prepare the 
blank just prior to reading because the reduced 
aglN'cones produce a small amount of color upon 
long standing in glacial acetic acid. The holding 
time for color development x'aries with tlie flavanone 
being determined. When assa3’ing hesperidin, the 
maximum color is read at eighteen minutes; for 
naringin and naringenin, thirt3' minutes; and 
hcspcrctiii five minutes. Transfer the colored 
solution just before the inaxiinuni intensitr’ has 


been reached and record ma.ximum absorbance at 
the predetermined wavelength for the flavanone 
being assa3’ed. See Figs. 1 and 2. 

Adherence to Beer's Law, — Beer's law is in effect 
from the concentrations 0 to 25 meg. per ml. for hes- 
peretin, naringin, and naringenin. A good linear 
relationship is shown for hesperidin from 0 to 100 
mg. per ml. concentration, see Fig. 3. 

Sensitivity, — Quantities of flavanones as low as 5 
meg. per ml. of solution (30 meg. per ml. of hesperidin 
solution) can be determined b5' the potassium boro- 
h3-dride reduction method, see Fig. 3. The de- 
tectability level of the magnesium-hy’drochloric acid 
reduction method is about 100 meg. per ml. of ethanol 
(1). Thus, it appears that this test could be used 
to measure the amount of chromatographicall3^ 
isolated flavanones. 

Reproducibility. — The reproducibiIit3' of results 
on several flavanones is shown in Table I. The ab- 
sorbance values were obtained on individually re- 
duced samples and illustrate the reproducibilit3' of 
both the reduction and the color development. 

Statistically, the standard deviations for the 

Tabpe I. — Absorbance Values on Replicate 
Analyses 


Test 

No. 

1 

2 

3 

4 

5 

6 


Naringenin 

0.260 

0.258 

0.260 

0.260 

0.261 

0.259 


Hesperetin 

0.375 

0.372 

0.375 

0.372 

0.378 


Hesperidin 

0.300 

0.300 

0.299 

0.299 

0.298 

0.299 


Naringin 

0.224 

0.225 

0.223 

0.222 

0.222 



TIME IN MINUTES 


Fig. 2. — Formation and stability of color at 20°. 
(1) Naringin: conen, 2,08 7/ml., max. color and 
stabilitv, sixt3’ min.; (2) Hesperidin: conen. 4,33 
7/ml., max. color and stabilit3-, eighteen to twent3’ 
min.; (3) Naringenin: conen. 2.08 7/ml., max. 
color and stabilitt-, sixty min.; and (4) Hesperetin; 
conen. 2.08 7/mI., max. color and stabilit3- five to 
six min. Solvent; Acid reagent, 10-mm. Pvrex 
cells used. 
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CONCCNTRATION iug/mli 


Fig 3 — Adherence to Beer’s law The concen- 
tration of hesperidin is four times that indicated, 
(1) Naringin, (2) Hesperidin, (3) Hcsperetin, and 
(4) Xanngenin 

four flavanones were not significantly different so 
they were pooled to give an estimated standard 
deviation per determination of 0 0014 (absorbance) 
This does not include weighing errors This is 
considerably less than the error for other methods 
used to determine flavanones quantitatively 

Factors Influencing Color Development . — Rate of 
Reduction — The best replication was obtained by 
adding the acetic acid in the following manner: The 
tube containing the solution to bo reduced was placed 
over a magnetic stirrer and a Teflon-covered stirring 
bar nas inserted Mfliile the solution was being 
stirred rapidly, the acetic acid was allowed to drop in 
slowb' In order to control the drop rate a fine 
capillary was used on the top of tire pipet which 
changed its flow rate to eight minutes, see Fig 4 
After four minutes, at which time most of the 
acetic acid had drained, the capillary was removed 
and the last amount in the pipet ivas allowed to 
drain normal!}'. 

Temperature — Different temperatures during the 
color development step greatly influence the rate 
and intensit}' of the color development. Figure 5 
uses hesperidin as an e.\ample to illustrate the time 
required to attain maximum absorbance at 0. 
20, and 40°. As 20° allows ample time before 
maximum color occurs and yet is not excessive, this 
temperature was selected However, lower tem- 
peratures may be employed to produce greater 
stability. 

Acid Concentration — As the ratio of the hydro- 
chloric acid to the acetic acid is increased in the 
"acid reagent," the color intensity increases 
However, a larger proportion of hydroehloric acid 
causes the color to become less stable In order to 
obtain a moderate degree of color stabilit}' and yet 
retain sensitivity, the ratio of hydrochloric acid to 
acetic acid was empirically chosen When using 
the potassium borohydride method qualitatively, 
the sensitivity can be greatly increased by larger 
amounts of hydrochloric acid in the "acid reagent.” 

Stability of Color. — Figure 2 shows the develop- 





Fig. 4 — Apparatus for controlled reduction with 
acetic acid. A, capillary; B, glass tube with 
glass wool packing to protect capillary; atul C, 
rubber sleeve for attachment of capillary to pipet. 

ment and decay of color intensit}’ at 20° Since 
naringin and naringenin color is quite stable after 
thirty minutes development, they are read at thirty 
minutes Hesperidin and hcsperetin arc read, iiref- 
erably , at eighteen to twenty minutes and five to six 
minutes, respectively. 

Stability of Flavanones in Final Dilute Alkaline 
Solution. — The flavanones will decompose slightly in 
alkaline solutions when held at 20° for several hours 
It is, therefore, necessary that the holding time be- 
fore reduction be as short as practical See Table II. 


Table II — Stahilitv or Flavanones i.n Alkaline 
Solution 


Flavanone 

Absorbance Readings ' 

15 nun hO mm .500 min 

Hesperidin 

0 270 

0 270 

0 2.">9 

Hcsperetin 

0 303 

0 300 

0 300 

Xaringin 

0 210 

0 200 

0 105 

Xaringenin 

0 23.5 

0 23,'') 

0 230 


Each alk.iline solution was lield at 20° for the 
designated time and the reduction and color forma- 
tion steps followed as outlined under [irocedure 
Since Uie samples used were not anh}'drous, Jiigher 
values would have resulted if the samples had been 
dried and handled carefully so as to avoid moisture 
absorption. 

Absorptivity Values on Anhydrous Flavanones.' — 

* Tile term aniiydroiis fl.i\anonts iiscd here i»crlafrn to 
materials dried for two hours at 10'/'^. 
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Table III —Analysis for Hesperidin Complex in Finished Pharmaceuticals 


Preparation 

Hesperidin 
Complex*/ 
added to 
each tablet, mg 

Rcco\ery,* % 

Calcd Amount 
Determined, mg 

Cold tablet" 

20 

10.3 e, 99 4, 101 8 

20 7, 19.9, 20 9 


10 

99 4, 102 4, 100 6 

9 9, 10 2, 10.1 

Multivitamin*' 

20 

99 4, 102 0. 106 0 

19 9, 20 4, 21.2 


10 

103 0, 104 0. 104 8 

10 3, 10 4, 10.5 

Liver and iron' 

20 

104.3, 104 2, 105 3 

20 9, 20 8, 21 1 


10 

103 2, 103 0. 97 4 

10 3. 10 3, 9 7 


“ CoQtains tbonzylamine HCI, aspma, phenacetin, caileiae, and ascorb/c acid 
6 Commercial multivitamin and mineral preparation 

‘ Commencal hver and iron preparation containing, in addition, copper, Bu, and ascorbic acid 
d Orange Products Division, Sunkist Growers, Ontario, Calif 
• Absorbance of test/absorbance of control X 100 = per cent recovery 



Fig 5. — The intensity and stability of tlie color 
developed by reduced hesperidin at different tem- 
peratures; (1) 0°, (2) 20°, and (3) 40°. 


The following list represents tlie absorptivity values 
obtained on the purified materials used in this study; 
hesperidin, (a) = 34,000, hesperetin, (a) = 181,000, 
naringin-2H20, (a) = 114,000, naringenin, (a) = 
250,000. 

More effective methods of purification may result 
in higher values However, the authors have been 
unable to obtain materials from any source with 
absorptivity values higher than these 

Application of the Method to Finished Pharmaceu- 
ticals. -Many preparations containing hesperidin 
plus ascorbic acid and excipients may be analyzed 
as under "Analytical Procedure ” Complex prep- 
arations may be successfully analyzed by removing 
the water solubles before analysis The following 
technique has proved to be adequate with all prep- 
arations tested to date 

Procedure. — Grind the finished pharmaceutical to 
pass through a 100-mesh screen Weigh sufficient 
material to contain 20 mg of tlie liesperidin product 
used in tlie preparation Weigh 20 mg from the lot 
of hesperidin used to serve as a control Place each 
sample m a 50-ml centrifuge tube and add 20 ml of 
water which was previously saturated with hcsperi- 
din to which a small amount of anlifoam (1 mg / 
100 ml Dow -Corning .AF) has been added Mix 
mid ceiitrifage at 2,000 r p m for five minutes 
Evaminc centrifuged tubes for floating particles — 
espcciallj' in the control, and recentrifuge if neces- 
sary Decant carefully and repeat washing a 
second time Decant ami solubilize the liesperidin 


by adding 10 ml of 0 1 W NaOH and transfer, 
quantitatively, to a 25-ml volumetric flask Dilute 
to volume and filter Dilute the filtrate 1 10 
Reduce this dilution and proceed as under "Ana- 
lytical Procedure ” The absorbance value of the 
test sample is compared to that of the control and 
the per cent recovery calculated 

Table III illustrates the precision obtained from 
three complex preparations The results are of 
triplicate analyses When the pharmaceuticals 
themselves, without hesperidin, xvere tested none 
showed even a trace of flavanone content 

SUMMARY 

The potassium borohydride method for flava- 
nones offers a rapid, simple, quantitative means of 
determining these compounds and has the follow- 
ing distinct advantages over previous methods: 
(a) Only with flavanones are red to violet colors 
produced, (b) Amounts as low as 5 meg per ml 
can be determined quantitatively (Hesperidin 20 
meg /ml ), and (c) The reduction may be con- 
ducted without external cooling For the past 
two years this method has been used in connection 
with other methods to determine the flavanone 
content in hesperidin, naringin, naringenin, and 
hesperetin products Consistent results have 
been obtained and considerable time saved in 
analysis The method has been shown to be 
adaptable to hesperidin analyses in complex phar- 
maceutical preparations 
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The Synthesis of Some Derivatives of Cinnamic Acid 
and Their Antifungal Action* 

By H. WAYNE SCHULTZf and GAIL A. WIESE 

Various amide derivatives of o-chlorocinnamic acid, /»-nitrocinnamic acid, and cin- 
namic acid were prepared and tested for antifungal activity against four organisms. 
N-(4-Chlorophenyl)-2-chlorocinnamamide proved to be the most active compound 
against ill. gypseum and T. nibrtim, while N- (3-chlorophenyl) cinnamamide proved to 
be the most active compound against iW. cants and T. mentagrophytes. In general, the 
results of the test indicated that most of the cinnamamide derivatives had little or no 

antifungal activity in vitro. 


A ROJiATic COMPOUNDS represent a class of 
antifungal agents that have been success- 
fully used in treating superficial mycoses. In 
reviewing the literatm-e concerning these com- 
pounds it was noted there have been few investi- 
gations directed towards the study of antifungal 
activity of cinnamic acid derivatives. It was 
thought that these derivatives might possess 
antifungal activity because ; 

(o) Cinnamic acid and its derivatives have been 
reported to have antibacterial, antitubercular, 
and antifungal activity. In regards to anti- 
fungal activity, Uppal (1) found cinnamic acid 
to be more fungicidal than benzoic acid, while 
having approximately the same activity as 
salicylic acid. Also, o-chlorocinnamic acid and 
^-nitrocinnamic acid have been reported to have 
antifungal activity (2). 

(ft) The relationship of cinnamic acid to fungi- 
static benzoic acid derivatives. Benzoic acid, 
of which cinnamic acid is a vinylog, and its 
derivatives have received considerable investiga- 
tion as antifungal agents. One of these de- 
rivatives, 2-n-amyloxybenzamide, has been found 
to be more effective than many of the commonly 
used antifungal agents. Also, various salicylic 
acid derivatives, such as salicylanilide (3) and 
the phenylsalicylamides (4) have been reported 
to have therapeutic value as antifungal agents. 

(c) The presence of alpha-beta unsaturation in 
the molecule. Several investigators have re- 
ported increased antifungal activity in compounds 
due to the presence of alpha-beta unsaturation. 
Of further significance, cinnamic acid represents 
the beta-phenyl derivative of acrylic acid, and 
various derivatives of this acid have been found 
to have antifungal activity. 

Since amide derivatives of other related acids, 
such as salicylic acid and acrylic acid, have 

• Received June 20, 1939, from the State University of 
Iowa College of Pharmacj*, Iowa City. 

Abstracted from a dissertation submitted to the Graduate 
College of the State University of Iowa by H. Wayne Schultz 
in partial fulfillment of the requirements for the degree of Doc- 
tor of Philosophy, February 1950, 

tPresent address: School of Pharmacy, Oregon State Col- 
lege, Corvallis. 


shown useful antifungal properties, the cinnama- 
mide derivatives were selected to be prepared and 
tested. Furthermore, a review of the literature 
revealed that amides of cinnamic acid have not 
been investigated for antifungal activity. 

EXPERIMENTAL PART I 

The following processes exemplify the various 
methods used for the preparation of the cinnamic 
acid derivatives. The o-chlorocinnaniojd chloride 
was prepared from o-chlorocinnamic acid' by the 
method as recorded by Andrews, Van Campen, and 
Schulman (5). Information concerning the various 
cinnaraamides which were prepared is summarized in 
Table I. 

Method I. — N - (2 - Chlorophenyl) - 2 - chloro- 
cinnamamide. — In a 500-ml. round-bottom flask, 
equipped with a reflux condenser, was placed 10 Gm. 
(0.05 mole) of o-chlorocinnamoyl chloride. A solu- 
tion of 6.4 Gm. (0.05 mole) o-chloroaniline, dissolved 
in 30 ml. of C. P. grade pyridine, was added slowly 
to this. The reaction mixture was refluxed for three 
hours and then poured slowly, with stirring, into a 
beaker containing 300 ml. of distilled water. The 
water solution was cooled and the crystalline ma- 
terial removed with suction filtration and dried. 
The product was purified by recrystallization from 
ethyl alcohol. The yield was 7.9 Gm. (54.1% of 
theoretical) of white crystals which melted at 170.5 
to 171.5°. 

Method II. — N - (2 - Chlorophenyl) - 4 - nitro- 
cinnamamide. — In a 500-ml. round-bottom flask 
was placed 20 Gm. (0.1 mole)of /)-nitrocinnamic acid 
and 50 ml. benzene. The mixture was cooled in an 
ice bath and 19.2 Gm. (0.16 mole) of thionyl chloride, 
dissolved in 15 ml. benzene, was added, dropwise. 
The reaction mixture was refluxed for one and one- 
fourth hours, after which time complete solution was 
effected. The excess thionyl chloride was removed 
by distillation under reduced pressure. Two fresh 
portions of 50 ml. benzene were added and distilled 
from the acid chloride to facilitate removal of the 
thionyl chloride. To the resulting acid chloride, dis- 
solved in 75 ml. benzene, a solution of 26.5 Gm. (0.21 
mole) of o-chloroaniline in .50 ml. benzene was added, 
dropwise. The reaction mixture was refluxed for 
one-half hour, after which the solvent w;is removed 
by evaporation. The resulting product was re- 
crystallized from methyl ethyl ketone. The yield 

* Tbc o-clilorocinnamic acid used in tliis study was suiil)lied 
throutth tile courtesy of the Ifayden-Xewport Chemical 
Corp., Nesv York, X. V. 
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Table 1. 


Compound Method 

N-(2-Chlorophenyl) cinnamamide 1 

N-(3-Chlorophenyl) cinnamamide 1 

jM'-(4-ChIorophenyl) cinnamamide I 

N-(2,4-DichIorophenyl) cinnamamide I 

N-(2,5-Dichloroptien}d) cinnamamide I 

N-(2-Benzothiazyl) cinnamamide I 

N-(3-Quinolyl) cinnamamide _ I 

N-(5-Chioro-2-pyridyI) cinnamamide I 

N-(2-Methyl-4-chloropbenyl) cinnamamide I 

N-(2-Chlorophenyl)-2-chlorocinnamaraide I 

N-(3-Chlorophenyl)-2-chlorocinnamamide I 

N-(4-Chlorophenyl)'2-chlorocinnamamide I 

N-(2,4-Dichlorophenyl)-2-chIorocinnamamide I 

N-(2.5-Dichlorophenyl)-2-chlorocinnamamide I 

N-C2-Benzothiazyl)-2-chIorocinnamamide I 

N-(3-Quinolyl)-2-cMorocinnamamide 1 

N-(5-ChlorO'2-pyridyl)-2-chIorocinnamamide I 

N-(2-Methy)-4-chlorophenyl)-2-cblorocinnam' I 

amide 

N-(2-ChlorophenyI)-4-nitrocinnamamide II 

N-(3-Chlorophenyl)-4-nitrocinnamamide III 

N-(4-Chlorophenyl)-4-nitrocinnamamide III 

N-(2,4-DichIoroplienyl)-4nitrocinnamamide III 

N-(2.5'Dichlorophenyl)-4-nitrQcinnamamide III 

N-(2'Bcnzothiar>d)-4-nitrQcinnamamide III 

N'-(3-Qumolyl )-4-nitrocinnamamide III 

N-(5-Chloro-2-pyridyl)-4-nitrocinnamamide III 

N-(2'Methyl-4-chlorophenyl)-4-nitrocinnam- III 

amide 


Yield, 


Recrj’stn. 

. N. % 

% 

M. p.. ° C. 

Solvent 

Calcd. 

Found 

45.8 

137-13S 

EtOH 

5.44 

5.39 

27.9 

125-126 

EtOH 

5.44 

5.62 

59.4 

185-186 

EtOH 

5.44 

5.40 

35.8 

162-164 

EtOH 

4.79 

4.89 

22.2 

177-178 

EtOH 

4.79 

4 S3 

47.4 

245-246 

EtOH- 

acetone 

10.00 

9.84 

61,0 

217-218 

EtOH 

10.21 

10,17 

59.2 

186-187 

EtOH 

10.82 

10.63 

29.4 

189-190 

EtOH 

5.16 

4,96 

54.1 

170.5-171.5 

EtOH 

4.80 

4.70 

77.4 

162-163 

Benzene 

4.80 

4.71 

76.7 

190-190.5 

Chloroiorm 

4.80 

4.74 

69.2 

177-178 

ecu 

4.29 

4.21 

76.0 

158-159 

ecu 

4.29 

4.19 

f6.8 

240-241 

Me cello- 
solve 

8.91 

8,71 

62.2 

2I3-2I4.5 

EtOH 

9.08 

8,87 

54.6 

231-232 

EtOH 

9.56 

9.39 

54.5 

291-292 

EtOH 

4.58 

4.76 

66.1 

220-221 

Me Et 
ketone 

9.26 

8.99 

68.9 

196-197.5 

EtOH 

9.26 

8.94 

60.4 

226-227 

EtOH- 

acetone 

9 26 

8.96 

63.3 

226-227 

EtOH 

8.31 

8.12 

59.0 

251-253 

Pyridine 

8.31 

8.06 

47.6 

320-321 

Pyridine 

12.63 

12.64 

61.6 

313-314 

Pyridine 

13.17 

12.89 

43.8 

262-264 

Pyridine 

13.85 

13,56 

49.7 

260-261 

Pyridine- 

EtOH 

8.85 

8,65 


was 20.0 Gm (66.1% of theoretical), of light yellow 
crystals which melted at 220 to 221°. 

Method III. — W - (4 - Chlorophenyl) - 4 - nitro- 
cinnamamide, — In a 500-ml. round-bottom flast 
was placed 16.1 Gm. (0.083 mole) of p-nitrocinnamic 
acid and 50 ml. benzene. The mixture was cooled 
in an ice bath and 10.9 Gm. (0.09 mole) of thionyl 
chloride, dissolved in 15 ml. benzene was added 
dropwise. The reaction mixture was refluxed for 
three hours, after which time complete solution was 
effected. The excess thionyl chloride was removed 
by distillation under reduced pressure. In order to 
facilitate the removal of thionyl chloride, 25 ml. 
toluene was added and distilled from the acid chlor- 
ide. This purification process was repeated using 25 
ml. benzene. To the resulting acid chloride, dis- 
solved in 60 ml. benzene, a solution of 11.6 Gm. 
(0.09 mole) p-chloroaniline in 25 ml. benzene and 26 
ml. ether was added, dropwise. The reaction mixture 
was refluxed for one hour, after which the solvent was 
removed by evaporation. The product iras purified 
by grinding it into a fine powder, and washing it with 
two 100-ml. 2% hydrochloric acid, two 100-ml. 
water, two lOO-ral. 2% sodium carbonate, and two 
100-ml. water. The resulting product was recrystal- 
lizcd from equal parts of ethyl alcohol and acetone. 
The yield was 16.2 Gm. (60.4% of theoretical) of 
light yellow crystals, which melted at 220 to 227°. 

EXPERIMENTAL PART II 

The compounds were tested for antifungal ac- 
tivity using a modified paper disk technique similar 
to that described by Kligman and Rosenweig (G). 


The test organisms used were: Microspontm cants, 
Microsponim gypseum. Trichophyton rtibrum, and 
Trichophyton rnctitogrophyies. Acetone solutions of 
the compounds were prepared in concentrations of 4, 
2, 1, and 0.5%. Saturated solutions were prepared 
for compounds whose solubility in acetone were less 
than 0.5%. Two knoivn antifungal agents, unde- 
cylenic acid and salicylanilide, were tested as refer- 
ence compounds. 

Sterile filter paper disks (12.7 mm. in diameter) 
were immersed for tliirty seconds in each of the ace- 
tone solutions of the compounds. The excess liquid 
was drained off by touching the disk to the wall of the 
container, and the disk rvas placed immediately on 
the agar surface of a Petri dish which had been 
prerdously inoculated with the desired test organism. 
On each Petri dish were placed two filter disks satu- 
rated with the acetone solution. After incubation for 
fifteen days at room temperature, the zones of in- 
hibition, representing the minimum distance be- 
tween the periphery of the filter disk and the colony 
growth, were recorded as the mean of the two meas- 
urements. Only those compounds which had a zone 
of inhibition greater than 3 mm . are given in Table II . 

DISCUSSION 

In the separation and purification of the p-nitro- 
cinnamic acid derivatives, it was necessary to wash 
the tinde product with a dilute hydrochloric acid 
solution first, in order to remove the excess amine, 
and then to wash the remaining product well with 
dilute sodium hydroxide solution, to remove the ex- 
cess />-nitrocinnamic acid. This procedure was 
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Table II. — Minimum Width" of Zones op Inhibition, in Millimeters 



w/\ , 

M 

M 

T 


Compound 

% 

cams 

S^psftim 

rubru m 

gropfntrs 

X-(2-Chlorophenyl) 

0 5 

0 

0 5 

0 

0 

cinnamamide 

1 0 

0 

1 

0 

0 


2 0 

0 


0 

0 


4 0 

1 

3 5 

1 

0 

K-( 3-Chlorophenyl ) 

0 5 

1 

5 

1 

0 

cinnamamide 

1 0 

2 5 

6 5 

1 

0.5 


2.0 

4 S 

7 

1 

9 


4 0 

7 

s 

1 

11 5 

X-(3-Chlorophenyl)-2- 

0 5 

1 

2 

0 

1 

chlorocinnamamide 

1 0 

1 5 

3 

1 

1.5 


2 0 

3 5 

3 5 

3 

2 5 


4 0 

5 

5 

4 

4 5 

X^-(4-Chlorophenvl)-2- 

0 5 

0 

6 5 

0 5 

0 

chlorocinnamamide 

I 0 

0 

S 5 

1.5 

0 


2 0 

0 

10 

2.5 

0 


4 0 

1.5 

24 

10 

0 

N-(2,5-Dichlorophenyl)-2- 

0 5 

0 

1 5 

0 

0 

chlorocinnamamide 

1 0 

2 

2 

0 

0 


2 0 

3 

3 

0 

0 


4 0 

^ b 

b 

6 

6 

Salicylanilide 

0 5 

9 

9 5 

7 5 

6 


1 0 

14 

10 5 

9 

14 


2 0 

20 

14 

10 

IS 


4 0 

24 

19 

12 5 

22.5 

Undecvlenic acid 

0 5 

4 

10 5 

7 

5 


1 0 

6 5 

11 5 

11 

11 


2 0 

10 

16 

14 5 

16 


4 0 

14 

25 

20 

20 

Acetone 

0 5 

0 

0 

0 

0 


1 0 

0 

0 

0 

0 


2 0 

0 

0 

0 

0 


4.0 

0 

0 

0 

0 


a A\erage of two measurements f* Insoluble in acetone at the stated concentration 


necessitated due to the low solubility of the amides 
in organic solvents, as well as the high degree of in- 
solubility of p nitrocinnamic acid (a contaminant) in 
the solvents 

It was desired in this investigation to test and 
compare the compounds at various concentrations to 
determine the effect of concentration on antifungal 
properties Because of the insoluble nature of most 
of the compounds, particularly the a-chloro and 
p-nitro derivatives, it was not possible to test all of 
the compounds at several different concentrations 
Hon ever, it was decided to prepare and test sat- 
urated solutions of these “insoluble” compounds to 
determine if any of these compounds would e.vert 
antifungal activity when at a concentration which 
was equal to their mavimum solubility, i e , a sat- 
urated solution 

The results of the test indicated that most of the 
cinnamamide derivatives had little or no antifungal 
activity in vitro N(4-Chlorophenyl)-2-chlorocin- 
namamide proved to be the most active of the com- 
pounds tested against M. gypseum, having activity 
greater than salicylanilide nhile being comparable 
to undecylenic acid at 4% concentration. Also, it 
nas the most active of the compounds against T 
riibrum, having activity less than salicylanilide and 
much less than undecylenic acid. Against M. cants 
and T menlagrophytes, N-(3-chlorophenyl) cinnama- 


mide proved to be the most active compound In 
general, it appeared that substitution on either the 
phenyl ring of cinnamic acid or variation of the amine 
portion of the molecule had little effect on antifungal 
activity of these compounds 
The apparent lack of antifungal activity as shown 
by the tested compounds may be due to several fac- 
tors Perhaps, chief among these factors would be 
the general insolubility (both in water and organic 
solvents) that was exhibited by these compounds. 
Also, it may be possible that the testing procedure 
disguised the true antifungal activity of these com- 
pounds Since the zones of inhibition are greatly de- 
pendent upon the ability of compounds to diffuse in 
the agar, the diffusability factor, rather than the 
inhibitory factor may have been measured Although 
the testing method used represents a useful screening 
procedure for antifungal activity, it may not corre- 
late the in vitro results to clinical effectiveness 
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Table II. — Minimum Width" of Zones of Inhibition, in Millimeters 



wA . 

3U 

M 

r 

T mrnM* 

Compound 

% 

cants 

gipseiiin 

rubrum 

£rflp/:\/es 

X-(2-Chlorophenyl) 

0 5 

0 

0 5 

0 

0 

cinnamamide 

I 0 

0 

1 

0 

0 


2 0 

0 

2 

0 

0 


4 0 

1 

3 5 

1 

0 

K-(3-Chlorophenyl) 

0 5 

1 

5 

1 

0 

cinnamamide 

1 0 

2 5 

6 5 

1 

0.5 


2 0 

4 8 

7 

1 

9 


4 0 

7 

8 

1 

11 5 

X-(3-Chlorophenyl)-2- 

0 5 

1 

2 

0 

1 

chlorocinnamamide 

1 0 

1 5 

3 

1 

1.5 


2 0 

3 5 

3 5 

3 

2.5 


4 0 

5 

5 

4 

4 5 

N-(4-Chlorophenyl)-2- 

0 5 

0 

6 5 

0 5 

0 

chlorocinnamamide 

1 0 

0 

8 5 

1.5 

0 


2 0 

0 

10 

2.5 

0 


4 0 

1.5 

24 

10 

0 

N-(2,5-Dichlorophen}-l)-2- 

0 5 

0 

1 5 

0 

0 

chlorocinnamamide 

1 0 

2 

2 

0 

0 


2 0 

3 

3 

0 

0 


4 0 

^ b 

b 

6 

b 

Salicylanilide 

0 5 

9 

9 5 

7 5 

6 

1.0 

14 

10 5 

9 

14 


2 0 

20 

14 

10 

18 


4 0 

24 

19 

12 5 

22.5 

Undecylenic acid 

0 5 

4 

10 5 

7 

5 

1 0 

6.5 

11 5 

11 

11 


2 0 

10 

16 

14 5 

16 


4 0 

14 

25 

20 

20 

Acetone 

0.5 

0 

0 

0 

0 


1 0 

0 

0 

0 

0 


2 0 

0 

0 

0 

0 


4.0 

0 

0 

0 

0 


" Average of tao raeasuremeats ^ Insoluble in acetone at the stated concentration 


necessitated due to the low solubility of the amides 
in organic solvents, as veil as the high degree of in- 
solubility of p nitrocinnamic acid (a contaminant) in 
the solvents 

It was desired in this investigation to test and 
compare the compounds at various concentrations to 
determine the effect of concentration on antifungal 
properties Because of the insoluble nature of most 
of the compounds, particularly the o-chloro and 
p-nitro derivatives, it was not possible to test all of 
the compounds at several different concentrations 
Hon ever, it was decided to prepare and test sat- 
urated solutions of these "insoluble” compounds to 
determine if any of these compounds would e\ert 
antifungal activity when at a concentration which 
was equal to their ma\iraum solubility, i e , a sat- 
urated solution 

The results of the test indicated that most of the 
cinnamamide derivatives had little or no antifungal 
activity tn vitro N(4-ChIorophenyI)-2-chlorocin- 
naraainide proved to be the most active of the com- 
pounds tested against M. gypseum, having activity 
greater than salicylanilide nhile being comparable 
to undecjlenic acid at 4% concentration Also, it 
was the most active of the compounds against T 
rubrum, having activity less than salicylanilide and 
much less than undecylenic acid. Against M cants 
and T mcnfagrop/o fer, N-(3-chloropheiiyl) cinnama- 


mide proved to be the most active compound In 
general, it appeared that substitution on either the 
phenyl ring of cinnamic acid or variation of the amine 
portion of the molecule had little effect on antifungal 
activity of these compounds 

The apparent lack of antifungal activity as shown 
by the tested compounds may be due to several fac- 
tors. Perhaps, chief among these factors would be 
the general insolubility (both in water and organic 
solvents) that was exhibited by these compounds. 
Also, it may be possible that the testing procedure 
disguised the true antifungal activity of tliese com- 
pounds Since the zones of inhibition are greatly de- 
pendent upon the ability of compounds to diffuse in 
the agar, the diffusability factor, rather than the 
inhibitory factor may have been measured. Although 
the testing method used represents a useful screening 
procedure for antifungal activity, it may not corre- 
late the in vitro results to clinical effectiveness 
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